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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  p r i n t i n g  

a p p a r a t u s   and  a  m e t h o d   of  c a r r y i n g   ou t   v a r i o u s  

p r i n t i n g   f u n c t i o n s .   A l t h o u g h   many  a p p l i c a t i o n s   f o r  

t h e   i n v e n t i o n   may  be  p o s s i b l e ,   t h e   d i s c l o s u r e   h e r e i n  

e m p h a s i z e s   t h e   a p p l i c a t i o n   to  wa re   d e c o r a t i o n .   I t  

s h o u l d   be  u n d e r s t o o d   h o w e v e r ,   t h a t   a r t i c l e s   of  m a n y  

t y p e s   may  be  p r i n t e d   or  d e c o r a t e d   u s i n g   t he   a p p a r a t u s  

and  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   and  such   a p p l i c a -  

t i o n s   a r e   p a r t   of  t he   i n v e n t i o n   h e r e i n .  

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

e a s e   of  s e t   up ,   q u a l i t y   of  r e p r o d u c t i o n ,   a c c u r a c y   o f  

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

f a c t o r s   to  c o n s i d e r .   S t a t e   of  t he   a r t   d e c o r a t i n g  

d e v i c e s   a p p r o a c h   some,   b u t   n o t   a l l ,   of  t he   a b o v e   f a c t o r s  

s a t i s f a c t o r i l y .   The  p r e s e n t   i n v e n t i o n   was  d e v e l o p e d   f o r  

v a r i o u s   r e a s o n s   i n c l u d i n g   a  d e s i r e   to  t a k e   a d v a n t a g e  

of  t he   l a t e s t   i n k   and  e l a s t o m e r   t e c h n o l o g y ,   and  t o  

m a x i m i z e   p r i n t i n g   r a t e s   w i t h o u t   s a c r i f i c e   of  r e g i s t r -  

a t i o n .  

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

makes   u s e   of  two  g e o m e t r i c   r e l a t i o n s h i p s .   F i r s t ,   a  c o n e  

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

an  a r c   c e n t r e d   a t   t he   same  p o i n t   as  t h e   a p e x   of  t h e   c o n e .  
The  cone   w i l l   t r a v e l   a l o n g   t h i s   p a t h   f r e e l y   w i t h  n o  

s l i p p i n g   b e t w e e n   t he   s u r f a c e s .   S e c o n d ,   two  c o n e s ,  

s h a r i n g   t he   same  a p e x   and  p l a c e d   s i d e   by  s i d e ,   w i l l  

r o l l   one  on  t he   o t h e r   w i t h o u t   s l i p p i n g   a l o n g   t h e   l i n e  

of  c o n t a c t .   As  w i l l   be  shown  b e l o w ,   by   c h o o s i n g   t h e  

p r o p e r   r a t i o   of  c i r c u m f e r e n c e s   b e t w e e n   the   f i r s t   m e n t -  

i o n e d   cone   and  the   a r c   t r a c e d   in   t he   p l a n e   of  t he   f l a t  

s u r f a c e ,   the   cone  w i l l   r o l l   an  i n t e g r a l   n u m b e r   o f  

r e v o l u t i o n s   as  i t   t r a v e l s   one  r e v o l u t i o n   a b o u t   t he   t r a c -  

ed  a r c .   S i m i l a r l y   the   p r o p e r   c h o i c e   of  c i r c u m f e r e n c e  

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



e a c h   o t h e r   a n d   t h e   a r c .   T h e r e f o r e ,   d i s c r e t e   l o c a t i o n s  

of  t h e   cone   w i l l   a l w a y s   m a t c h   up  w i t h   d i s c r e t e   l o c a t i o n s  

a l o n g   t he   a r c   in   t h e   f l a t   s u r f a c e .   A c c o r d i n g l y ,   a  s p e c -  
i a l   c a s e   of  s y n c h r o n o u s   m o t i o n   may  be  d e f i n e d .  

The  two  c o n e s   and  t h e   f l a t   s u r f a c e   may  be  d r i v e n  

in   s y n c h r o n i s m   by  a  p r o p e r   g e a r i n g   a r r a n g e m e n t ,   f r o m  

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

p a t t e r n   r e g i s t r a t i o n   f rom  one  s e t   of  c o n e s   to  a n o t h e r  

and   t h e   s u r f a c e   as  h e r e i n a f t e r   i l l u s t r a t e d .  

I t   s h o u l d   be  f u r t h e r   u n d e r s t o o d   t h a t   t h e   d e v i c e  

of  t he   p r e s e n t   i n v e n t i o n   may  be  o p e r a t e d   in   v a r i o u s  

ways  to  e s t a b l i s h   a  d e g r e e   of  v e r s a t i l i t y   n o t   h e r e t o -  

f o r e   a v a i l a b l e   in   t h e   p r i o r   a r t .   The  d e v i c e   h e r e i n  

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

d e s i g n s   on  f l a t ,   h o l l o w ,   and  o t h e r   odd  s h a p e d   ware   i n -  

s i d e   or  o u t ,   w i t h   h i g h   q u a l i t y ,   s p e e d ,   and   s i m p l i f i e d  

s e t   up  f o r   e a c h   of  t h e   v a r i o u s   t y p e s   of  w a r e   to  b e  

d e c o r a t e d .  

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

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

c a r r y i n g   one  or  more   c o l l e c t o r   means   a t   s e l e c t e d   r a d i a l  

and   a n g u l a r   p o s i t i o n s ,   and  t r a n s f e r   means   s y n c h r o n o u s l y  

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

c o l l e c t o r   means   a . d e s i g n   c o n f i g u r a t i o n .   The  t u r r e t  

and   each   of  t h e   t r a n s f e r   means   s h a r e   a  common  p o i n t   o f  

r o t a t i o n   a l o n g   r e s p e c t i v e   c e n t r a l   a x e s   t h e r e o f .   T h e  

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

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

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

F i g u r e s   1-3   ( A ) - ( C )   show  t h e   g e o m e t r i c   r e l a t i o n s  

b e t w e e n   t h e   v a r i o u s   c o m p o n e n t s   and   i l l u s t r a t e   t he   o p e r -  

a t i n g   p r i n c i p l e   of  t he   a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  i s   a  s c h e m a t i c   t r a n s p a r e n c y   of  t he   a p p a r a t u s  

c o m p o n e n t s   of  t h e   i n v e n t i o n ;  

F i g u r e s   5  and   6  a r e   d e t a i l e d   c u t - W w a y   p r e s p e c t i v e  



Views   of  t he   a p p a r a t u s   s h o w i n g   p r i n t ,   p r i n t   t r a n s f e r ,  

l o a d   and   c l e a n   s t a t i o n s   of  t h e   i n v e n t i o n ;  

F i g u r e s   7  and  8  a r e   i l l u s t r a t i v e   s p e c i f i c   d e t a i l s  

of  t h e   p r i n t i n g   s t a t i o n   and   i n k i n g   a p p a r a t u s ;  

F i g u r e   9  i s   a  s c h e m a t i c   d r a w i n g   of  a  f l o a t i n g  

b e a r i n g   f e a t u r e   w h i c h   may  be  u s e d   in   t h e   p r e s e n t   i n v e n t -  

i o n ;  

F i g u r e s   10A-10C  i l l u s t r a t e   s c h e m a t i c   a l t e r n a t i v e  

e m b o d i m e n t s   of  t he   d o c t o r i n g   f e a t u r e ;  

F i g u r e s  1 1 - 1 4   i l l u s t r a t e   t h e   c o n c e p t   and  a p p l i c a -  

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

may  be  u s e d   in  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   15A-15B  i l l u s t r a t e   d e t a i l s   of  t h e   p r i n t  

t r a n s f e r   a p p a r a t u s   in   r e s p e c t i v e   p e r s p e c t i v e   and   s i d e  

s e c t i o n   v i e w s ;  

F i g u r e   16  i s   a  f r a g m e n t e d   s i d e   s e c t i o n   of  an  a l t e r -  

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

F i g u r e s   17A-17B  a r e   f r a g m e n t e d   s i d e   s e c t i o n   a n d  

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

F i g u r e   1 8  i s   a  s c h e m a t i c   s h o w i n g   a  f l e x i b l e   mem-  

b r a n e   p r i n t i n g   h e a d   and   w a r e   t h r o u g h p u t   r e l a t i v e   t h e r e -  

t o ;  

F i g u r e s   19A  and  19B  a r e   s i d e   s e c t i o n s   of  t h e  

f l e x i b l e   m e m b r a n e   p r i n t i n g   h e a d   and  ware   in   two  p o s i -  

t i o n s ;  

F i g u r e   20  is   a  s i d e   s e c t i o n   e l e v a t i o n   of  a  b a c k i n g  

member   f o r   s u p p o r t i n g   t h e   f l e x i b l e   m e m b r a n e ;  

F i g u r e   20A  is   a  f r a g m e n t e d   d e t a i l   of  an  a l t e r n -  

a t i v e   e m b o d i m e n t   a d a p t e d   f rom  F i g u r e   2 0 ;  

F i g u r e   21  is   a  c r o s s   s e c t i o n   of  a  p r i n t i n g   h e a d  

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

F i g u r e s   22A-C  i l l u s t r a t e   a  m e t h o d   of  d e t e r m i n i n g  

w a r e   h e a d   s h a p e ;   a n d  

F i g u r e s   23A-D  a r e   s c h e m a t i c   d r a w i n g s   i l l u s t r a t i n g  

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



The  m a c h i n e   c o n f i g u r a t i o n   of  t h i s   i n v e n t i o n   m a k e s  

u s e ,   as  m e n t i o n e d   a b o v e ,   of  two  g e o m e t r i c   r e l a t i o n -  

s h i p s .   F i r s t ,   r e f e r r i n g   to  F i g u r e   I ,   a  cone   1 0  

( t r u n c a t e d   as  s h o w n ) ,   h a v i n g   an  a p e x   p o i n t   A,  w h e n  

p l a c e d   on  a  f l a t   s u r f a c e   12  and   r o l l e d ,   w i l l   t r a c e   a  

c i r c u l a r   a r c   or  d i s c   14  a b o u t   a  c e n t r e   l i n e   CL  a n d  

h a v e   i t s   a p e x   A  l o c a t e d   t h e r e o n .   The  cone   10  w i l l  

t r a v e l   a l o n g   t h i s   p a t h   f r e e l y   w i t h   no  s l i p p i n g .   S e c o n d ,  

r e f e r r i n g   to   F i g u r e   2,  two  c o n e s ,   t h e   f i r s t   m e n t i o n e d  

10  above   and   a n o t h e r   16  ( b o t h   shown  i n   t r a n s p a r e n c y ) ,  

h a v i n g   t h e   same  a p e x   A  and  p l a c e d   s i d e   by  s i d e ,   r o l l  

one  on  t h e   o t h e r   w i t h   no  s l i p p i n g   a l o n g   t h e  l i n e   o f  

c o n t a c t   o r  r a y   1 8 .  

F i g u r e s   3A  to  3C  show  t h a t   by  c o m b i n i n g   t h e   p r i n c -  

i p l e s   of  F i g u r e s   1  and   2,  and   by  c h o o s i n g   t h e   p r o p e r  
r a t i o   of  c i r c u m f e r e n c e s   b e t w e e n   t h e   a r c   14  and  cone   1 0 ,  

the   l a t t e r   w i l l   r o l l   an  i n t e g r a l   n u m b e r   of  r e v o l u t i o n s  

as  i t   t r a v e l s   one  r e v o l u t i o n   a r o u n d   a r c   14.  T h i s  

means   t h a t   d i s c r e t e   l o c a t i o n s   20  on  t h e   cone  10  w i l l  

a l w a y s   m a t c h   u p ·  w i t h   t h e   d i s c r e t e   l o c a t i o n s   22  on  t h e  

a r c   14.  L i k e w i s e ,   by  c h o o s i n g   t h e   p r o p e r   r a t i o s   o f  

c i r c u m f e r e n c e s   b e t w e e n   t he   two  c o n e s   10  and  16,  o n e  

w i l l   r o t a t e   an  i n t e g r a l   n u m b e r   of  t i m e s   f o r   e a c h   r e v o l -  

u t i o n   of  t h e   o t h e r .   T h u s ,   d i s c r e t e   l o c a t i o n s   24  on  t h e  

cone   16  w i l l   a l w a y s   m a t c h   t h o s e   d i s c r e t e   l o c a t i o n s   2 0  

on  cone  10  as  t h e   c o n e s   a r e   c o n t i n u o u s l y   r o t a t e d .  

F i g u r e   4  shows   t h a t   t h e   c o n e s   10  and  16  ( i n   t r a n s -  

p a r e n c y )   can   be  g e a r e d   one  to  t h e   o t h e r   and  p o s i t i v e l y  

d r i v e n   a t   t h e   no  s l i p   v i a   r e s p e c t i v e   m o u n t i n g   s h a f t s  

26  and  28  c a r r y i n g   s p i r a l   b e v e l   g e a r s   30  and  32.  T h e  

same  is   t r u e   of  t h e   f l a t   s u r f a c e   12  and  cone  10.  F i g u r e  

4  shows  r o t a t i n g   f l a t   a n n u l a r   s u r f a c e   12,  in   t r a n s p a r -  

e n c y ,   w i t h   an  a s s o c i a t e d   r i n g   g e a r   34  c a r r i e d   by  webs  3 6 .  

The  r i n g   g e a r   34  d r i v e s   a  p l u r a l i t y   of  s e t s   of  t h e  

e x e m p l a r y   c o n e s   10  a n d ' 1 2   v i a   s p i r a l   b e v e l   p i n i o n   g e a r s  



38  m a t i n g   w i t h   r i n g   g e a r   34.  The  c o n e s   10  and   1 6  

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

a b o v e .   G e a r s   30,  32,  34  and  38,  f l a t   a n n u l a r   s u r -  

f a c e   12  and   c o n e s   10  and  16  a l l   s h a r e  t h e   same  a p e x  

A  as  a  p o i n t   of  r o t a t i o n .   Cones   10  and   16  a r e   f i x e d .  

in   s p a c e ,   so  t h a t   t h e y   r o t a t e   a b o u t   t h e i r   r e s p e c t i v e  

a x e s   A - 1 0 ,   and   A - 1 6 .   T h u s ,   r o t a t i o n   of  f l a t   a n n u l a r  

, s u r f a c e   12,   as  d e f i n e d   by  d i s c   14  and   t h e   a b o v e   m e n t -  

i o n e d   g e a r i n g ,   i m p a r t s   r o t a t i o n a l   m o t i o n   to  c o n e s   1 0  

and  16  o n l y   a b o u t   a x e s   A-10  and  A - 1 6 .   A  p l u r a l i t y  

of  s e t s   of  c o n e s   can  be  p l a c e d   a r o u n d   t he   c i r c u m f e r -  

ence   of  t h e   f l a t   s u r f a c e   12  and   be  d r i v e n   by  t h e   s a m e  

r i n g   g e a r   3 4 .  

F i g u r e s   3  and   4  d e m o n s t r a t e   t h a t   s e v e r a l   s e t s  

of  t h e   c o n e s   10  and   16  when  p l a c e d   a r o u n d   t h e   p e r i p -  

h e r y   of  t h e   f l a t   s u r f a c e   12  can   be  t i m e d   one  w i t h  

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

d i s c r e t e   l o c a t i o n s   20,  24  and  22,  h e r e i n a f t e r   r e f e r r e d  

to  as  t i m i n g   m a r k s .  

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

t r a t e d   in   g r e a t e r   d e t a i l   in   F i g u r e s   5  and  6  and   i n c l u d e  

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

f r a m e   52  t h a t   h o u s e s   a  c o n t i n u o u s   m o t i o n   cam  d r i v e  

such   as  a  m o d e l   362,   m a n u f a c t u r e d   by  F e r g u s o n   M a c h i n e  

Co.  ( n o t   i l l u s t r a t e d ) .   In  a  p r e f e r r e d   e m b o d i m e n t ,  

t he   t a b l e   50  may  be  d i v i d e d   i n t o   t e n   e q u a l l y   s p a c e d  

d i v i s i o n s   or  s t a t i o n s   D l - D 1 0 .   E i g h t   p r i n t i n g   s t a t i o n  

a s s e m b l i e s   54  a r e   r i g i d l y   m o u n t e d ,   one  a t   e a c h   o f  

e i g h t   of  t h e   s t a t i o n s   D1-D8  a r o u n d   t he   p e r i p h e r y   o f  

t h e  t a b l e   5 0 .   O n e  c l e a n i n g   r o l l   a s s e m b l y   56  i s   a l s o  

m o u n t e d   to  t h e   t a b l e   50  a t   s t a t i o n   D9,  and  one  c a m  

d r i v e n ,   a r c   f o l l o w i n g ,   p r i n t  t r a n s f e r   a s s e m b l y   5 8  

t h a t   i n d e x e s   ware   W  i n t o   p o s i t i o n   f o r   d e c o r a t i n g   i s  

l o c a t e d   a t   s t a t i o n   D10.  More  or  l e s s   d i v i s i o n s   a n d  

a r r a n g e m e n t s   a r e   p o s s i b l e   d e p e n d i n g   on  t he   a p p l i c a t i o n .  



( H e r e i n a f t e r   s u f f i x   r e f e r e n c e   n u m e r a l s   a r e   d r o p p e d  

w h e r e   p o s i t i o n   i s   n o t   r e l e v a n t ) .  

A  r o t a t a b l y   m o u n t e d   t u r r e t   t a b l e   60,  d r i v e n   b y  

t h e   c o n t i n u o u s   m o t i o n   cam  d r i v e   h o u s e d   i n   t h e   b a s e  

of  t h e   f r a m e   52  i s   a d a p t e d   to  r o t a t e   and   c a r r y   1 0  

c o l l e c t o r s   C1-C10   ( two  s h o w n ) .   A  r i n g   g e a r   62  i s  

c a r r i e d   by  t h e   t u r r e t   60  and   f u n c t i o n s   as  d e s c r i b e d  

a b o v e   in   r e f e r e n c e   to  F i g u r e   4 .  

F i g u r e   7  i s   an  i l l u s t r a t i o n   of  a  s i n g l e   p r i n t i n g  

s t a t i o n   a s s e m b l y   54.   I t   i n c l u d e s   a  v e r t i c a l   m o u n t i n g  

f r a m e .   73  a t t a c h e d   to  t a b l e   50,  o n t o   w h i c h   i s   m o u n t e d  

one  e t c h   cone   72  s l e e v e d   o v e r   s h a f t   71;  one  t r a n s f e r  

cone   74  c a r r y i n g   s i l i c o n e   t r a n s f e r   s u r f a c e   75;  and   a  

g e a r   box   76,   w h i c h   h o u s e s   two  s p i r a l   b e v e l   g e a r s   7 8  .  

and   80  m o u n t e d   r e s p e c t i v e l y   on  s h a f t s   71  and  8 1 .  

P i n i o n   g e a r   64  i s   c a r r i e d   o u t s i d e   of  g e a r   box  76  b y  

s h a f t   e x t e n s i o n   81  of  g e a r   80.  The  p r i n t i n g   s t a t i o n  

a s s e m b l y   54  a l s o   i n c l u d e s   an  i n k   a p p l i c a t i o n   a s s e m b l y  

82  d e t a i l e d   in   F i g u r e   8  and   d e s c r i b e d   h e r e i n a f t e r .  

D r i v e   p o w e r   f o r   e ach   p r i n t   s t a t i o n   a s s e m b l y   5 4  

comes   f r o m   t he   r o t a t i n g   r i n g  g e a r   62,   w h i c h   p o w e r s  

p i n i o n   64  m o u n t e d   commonly   w i t h   a n g u l a r   b e v e l   g e a r  
80  and   t r a n s f e r   cone   74.  S h a f t   c a r r y i n g   e t c h   c o n e  

72  i s   p r e f e r a b l y   t u r n e d   in   an  i n t e g r a l   r a t i o   w i t h   t h e  

t r a n s f e r   cone   74  v i a   g e a r   c o m b i n a t i o n   7 8 - 8 0 .  

R i n g   g e a r   62,  c a r r i e d   by  t u r r e t   60,   i s   d r i v e n  

a b o u t   c e n t r e l i n e   Cl  by  a  d r i v e   n o t   s h o w n .   A  w o r k i n g  

s u r f a c e   163  of  c o l l e c t o r   C,  c a r r i e d   by  t u r r e t   6 0 ,  

e n g a g e s   t r a n s f e r   s u r f a c e   75  in  i n t i m a t e   c o n t a c t .  

E t c h   cone   72  may  be  a d j u s t e d   a x i a l l y ,   in   t h e   d i r -  

e c t i o n   of  d o u b l e   h e a d e d   a r r o w   Ax,  by  means   of  a  c o l l a r  

c l a m p   75  m o u n t e d   in   s u p p o r t   arm  77  of   f r a m e   73.  T h e  

e t c h   cone   72  may  a l s o   be  a d j u s t e d   c i r c u m f e r e n t i a l l y ,  

in   t he   d i r e c t i o n   of  d o u b l e   h e a d e d   a r r o w   Cx,  by  l o c k i n g  

s c r e w s   79  e n g a g i n g   s h a f t   71.  The  a x i a l   and  c i r c u m f e r -  



e n t i a l   p o s i t i o n   of  t r a n s f e r   cone  74  may  a l s o   b e  

a d j u s t e d   in  a  s i m i l a r   m a n n e r   ( n o t   d e t a i l e d ) .   T h u s ,  

t h e   a x i a l   and  c i r c u m f e r e n t i a l   l o c a t i o n s   of  t h e   r e s p -  

e c t i v e   e t c h   and  t r a n s f e r   c o n e s   72  and  74  may  be  a d j u s t -  

ed  f o r   c o r r e c t   r e g i s t r a t i o n   of  d e s i g n   p o r t i o n s   h e r e -  

i n a f t e r   d e s c r i b e d .  

F i g u r e   8  shows  a  d e t a i l e d   i l l u s t r a t i o n   of  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 k   a p p l i c a t i o n   a s s e m b l y  8 2 .  

A  h e a t e d   b a t h   90  h o l d s   a  q u a n t i t y   of  l i q u i d   i n k   92.  A 

pump  94,  s u c h   as  a  G e r o t o r   m a n u f a c t u r e d   by  W.  H.  

N i c h o l s   C o . ,   in   f l o w   c o m m u n i c a t i o n   w i t h   t he   b a t h   9 0 ,  

c i r c u l a t e s   ink   92  v i a   a  h e a t e d   p i p e   96  to  o u t l e t   98  a t  

an  i n b o a r d   or  s m a l l   end  100  of  e t c h   cone   72.  The  i n k  

92  is   u r g e d   a l o n g   the   l e n g t h   of  the   e t c h   cone   72  ( s e e  

a r r o w s )   to  t he   o u t b o a r d   or  l a r g e   end  106  t h e r e o f   by  a  

f r e e   f l o a t i n g   a p p l i c a t o r   b l a d e   a s s e m b l y   104  i n c l u d i n g  

r e s p e c t i v e   u p p e r   and  l o w e r   b l a d e s   102  and  103 .   B e -  

c a u s e   t h e   a n g l e   of  i n c l i n e   of  the   top  of  b l a d e   102  i s .  

h i g h e r   a t   t h e   i n b o a r d   end  100  of  e t c h   cone   72  t h a n   t h e  

o u t b o a r d   end  106,   and  b e c a u s e   the   r o t a t i n g   cone   s u r f a c e  

72  moves   t he   v i s c o u s   f l u i d   a g a i n s t   t he   b l a d e   102  c a u s i n g  

a  h i g h   p r e s s u r e   r e g i o n   w i t h i n   the  ink  92  a l o n g   t h e  

i n t e r f a c e   t h e r e b e t w e e n ,   t h e   ink   92  t r a v e l s   a l o n g   t h e  

i n t e r f a c e   b e t w e e n   the   a p p l i c a t o r   b l a d e   102  and   t h e  

e t c h   cone  72  f rom  t he   s m a l l e r   to  the   l a r g e r   end .   T h e r e -  

a f t e r ,   t he   i nk   92  f o l l o w s   the   cone  s u r f a c e   n e a r   t h e  

l a r g e r   end  106  back   to  t he   ink   b a t h   90,  c o m p l e t i n g   t h e  

c i r c u l a t i o n   p a t h .   The  c i r c u l a t i o n   m a i n t a i n s   a  c o n -  

t i n u o u s   s u p p l y   of  ink  92  to  f i l l   d e s i g n   d e p r e s s i o n s   1 0 8  

in  the   e t c h   cone  s u r f a c e .   R e s p e c t i v e   u p p e r   and  l o w e r  

b l a d e s   102  and  105  a l s o   a c t   as  d o c t o r   b l a d e s   to  r e m o v e  

e x c e s s   ink  9 2 .  

In  the   p r e s e n t   i n v e n t i o n   i t   is  p r e f e r r e d   t h a t   t h e  

i n k s   92  be  of  a  t h e r m o p l a s t i c   t y p e .   The  i n k s   s h o u l d   b e  

m a i n t a i n e d   a t   a  s e l e c t e d   t e m p e r a t u r e   a t   or  n e a r   t h e  



m e l t i n g   p o i n t   or  a  t e m p e r a t u r e   a t   w h i c h   t h e y   e x h i b i t  

a  s u i t a b l e   v i s c o s i t y .   T h u s ,   e t c h   cone   72,   p i p e   9 6  

and   b a t h   90  a r e   h e a t e d   by  r e s i s t a n c e   h e a t e r s   110 ,   1 1 2  

and   114,   r e s p e c t i v e l y ,   to  m a i n t a i n   t h e   i n k   a t   a  s u i t -  

a b l e   w o r k i n g   v i s c o s i t y .  

F i g u r e   8  a l s o   shows  a  f r e e   f l o a t i n g   d o c t o r   b l a d e  

a s s e m b l y   116 ,   w h i c h   i s   s i m i l a r   i n   c o n s t r u c t i o n   to  t h e  

a p p l i c a t o r   b l a d e   a s s e m b l y   104 ,   and   w h i c h   e n s u r e s  t h a t  

a l l   t h e   i n k   92  i s   s c r a p e d   f rom  t h e   e t c h   cone   72.  I t  

has   b e e n   f o u n d   t h a t   a p p l i c a t o r   b l a d e   a s s e m b l y   104  i s  

c a p a b l e   of  b o t h   a p p l i c a t i o n   and   d o c t o r i n g .   T h u s ,  

d o c t o r   b l a d e   a s s e m b l y   116  i s   u s u a l l y   h e l d   i n   a  s t a n d b y  

mode  in   t h e   e v e n t   of  a  f a i l u r e   of  t h e   f o r m e r .  

F i g u r e   9  b e t t e r   i l l u s t r a t e s   t h e   f r e e   f l o a t i n g  

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

a s s e m b l y   116  and  the   e t c h   cone   72.  N o t e   t h a t   t h e   s a m e  

r e l a t i o n   h o l d s   t r u e   f o r   a p p l i c a t o r   b l a d e   a s s e m b l y   1 0 4 .  

R e s p e c t i v e   r i g h t   and   l e f t   b l a d e s   118  and  120 ,   l o c a t e d  

in  s l o t s   119  and  121  of  b l a d e   h o l d e r   122 ,   a r e   h e l d   a t  

a c u t e   a n g l e s   la   and  2a  to  the   s u r f a c e   of  t h e   e t c h   c o n e  

72.   Each  is  made  to  c o n t a c t   the   cone   72  a l o n g   a  r e s p -  
e c t i v e   l i n e   of  c o n t a c t   or  r a y   R1,  R2  01  the   cone  s u r -  

f a c e .   Two  b l a d e s   118 ,   120  a r e   u s e d   f o r   s e l f   a l i g n m e n t  

or  s e a t i n g   p u r p o s e s .   T h u s ,   t h e   b l a d e   h o l d e r   122  n e e d s  

o n l y   to  be  u r g e d  t o w a r d s   t h e  c o n e   72  to   c a u s e   b o t h  b l a d e s  

118  and  120  to  come  i n t o   i n t i m a t e   c o n t a c t   w i t h   t h e   c o n e  

72.  Only   a x i a l   p o s i t i o n i n g   ( i . e .   i n t o   t h e   p a g e   of  t h e  

d r a w i n g )   i s   r e q u i r e d   f o r   t he   h o l d e r   122  to  e n s u r e  

p r o p e r   b l a d e   to  cone   c o n t a c t .  

P n e u m a t i c   p i s t o n   124  u r g e s   t he   d o c t o r   b l a d e   a s s e m -  

b ly   116  i n t o   p o s i t i o n .   P i s t o n   124  e n g a g e s   h o l d e r   1 2 2  

by  means   of  a  s u i t a b l e   b e a r i n g   125  l o c a t e d   in   h o l e  

127  of  b l a d e   a s s e m b l y   116.   P n e u m a t i c   p i s t o n   124  c a r r i e s  

d r i v e   p i n   1 2 4 ' .   B a l l   b e a r i n g   125  may  be  s e c u r e d   to  a  

d i s t a l   end  of  p i n   1 2 4 ' .   Ho le   127  h a v i n g   s i d e w a l l s   and  a  



f l a t   b o t t o m   i s   f o r m e d   in  r e a r   f a c e   122  of  b l a d e   a s s e m -  

b l y   116  and  r e c e i v e s   b a l l   b e a r i n g   125  t h e r e i n .   T h e  

b l a d e   a s s e m b l y   116  i s   f r e e   to  g i m b a l   in   t h e   d i r e c t i o n  

of  d o u b l e   h e a d e d   a r r o w   Gx  as  shown .   When  p n e u m a t i c  

p i s t o n   124  i s   a c t u a t e d ,   b a l l   b e a r i n g   125  d r i v e n   by  p i n  
1 2 4 '   moves   a g a i n s t   t he   f l a t   b o t t o m   of  h o l e   125  t o  

d r i v e   t h e   b l a d e   a s s e m b l y   116  and   b l a d e s   118  and  1 2 0  

a g a i n s t   cone   72.  The  b l a d e s   118  and  120  s e a t   a g a i n s t  

t h e   cone   a l o n g   r e s p e c t i v e   r a y s   Rl  and  R 2 .  

A s s e m b l y   116  may  be  a d j u s t e d   in  t he   r a y   d i r e c t i o n  

Rx  and  l a t e r a l l y   t h e r e o f   in   t h e   d i r e c t i o n   Lx  by  a d j u s t -  

ment   of  the   p o s i t i o n   of  t he   p i s t o n   124  r e l a t i v e   to  t h e  

b l a d e   a s s e m b l y   116.   A d j u s t m e n t   may  be  made  by  a d j u s t -  

ment   s c r e w s   and  t he   l i k e   r e l a t i v e   to  t a b l e   5 0 .  

F i g u r e s   10A,  10B  and  10C  show  o t h e r   b l a d e / c o n e  

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

p u r p o s e s .  
In  F i g u r e   10A,  as  in  a l l   of  the   c o n t e m p l a t e d   a p p l i -  

c a t o r / d o e t o r i n g   a s s e m b l i e s ,   t he   m a c h i n e   c e n t r e   CL  p a s s e s  

t h r o u g h   the   a p e x   A  of  t he   e t c h   cone  72.  The  a p e x   f o r  

the   b l a d e s   118a  and   120a   in  a s s e m b l y   1 1 6 a ,   t he   h o l d e r  

1 2 2 a ,   as  w e l l   as  r e s p e c t i v e   l o c a t i n g   s l o t s   1 1 9 a - 1 2 1 a  

of  h o l d e r   122a   a l s o   c o i n c i d e   w i t h   apex   A.  W h i l e   t h e  

a n g l e s   l a ,   and  2 a  o f   b l a d e s   118a  and  120a   may  be  d i f f e r -  

e n t  f r o m   t h o s e   i l l u s t r a t e d   in  F i g u r e   9,  t he   same  r e s u l t -  

i ng   s e l f   a l i g n m e n t   o c c u r s .   In  F i g u r e   lOb,   t he   d o c t o r  

b l a d e   a s s e m b l y   116b  has   b l a d e s   118b  and  120b  l o c a t e d   i n  

r e s p e c t i v e   s l o t s   119b ,   121b  of  h o l d e r   1 2 2 b ,   b o t h   l e a d -  

ing  to  t he   r i g h t .   In  F i g u r e   10e ,   the   a s s e m b l y   l l G c ,  

b l a d e s   118c  and  1 2 0 c ,   and  h o l d e r   112c  a r e   p a r t   of  a n  

i n t e g r a l l y   f o r m e d   m a c h i n e d   b l o c k .  

The  c l e a n i n g   a s s e m b l y   56  is   shown  in  p l a c e   a t  

D9  on  the   m a c h i n e   b a s e   t a b l e   50  in  F i g u r e   6.  I t   i s  

s i m p l y   a  s o l i d   c o n i c a l   s u r f a c e   or  cone  160  f o r   e x a m p l e  

of  s t e e l   or  ( f o r   e x a m p l e   of  s t e e l   or  a l u m i n i u m )   g e a r e d  



v i a   p i n i o n   162  w i t h   r i n g   g e a r   62  to  r o l l   a g a i n s t   t h e  

c o l l e c t o r s   C  as  t h e y   p a s s   o v e r h e a d .   Any  i n k   t h a t   h a s  

been   l e f t   on  t he   c o l l e c t o r s   C  ( r e s u l t i n g   f rom  a n  i n c o m -  

p l e t e   t r a n s f e r   to  w a r e   or  m i s s i n g   wa re   a t   t h e   t r a n s f e r  

s t a t i o n   D 1 0 ) ,   i s   t r a n s f e r r e d   to  t he   cone   160 .   A  s c r a p -  

i ng   b l a d e   a s s e m b l y   164  f l o a t a b l y   m o u n t e d   in   p r e s s u r e  

b l o c k   165  ( s i m i l a r   to  a p p l i c a t o r / d o c t o r   a s s e m b l y   i n  

F i g u r e   3)  r e m o v e s   e x c e s s   i n k   f rom  t he   s u r f a c e   of  t h e  

cone   162 .   The  c l e a n i n g   a s s e m b l y   56  e n s u r e s   c l e a n   c o l l -  

e c t o r s   C  b e f o r e   r e p r i n t i n g   in   e a c h   c y c l e .  

A  f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n ,   shown  s c h e m a t -  

i c a l l y   in   F i g u r e   6,  t h a t   i s   u s e f u l   in   e s t a b l i s h i n g  

a c c u r a t e   s e t   up  of  t h e   p r i n t i n g   a p p a r a t u s ,   i s   t h e   u s e  

of  l e v e l l i n g   p l a t e s   166 ,   o n t o   w h i c h   a r e   m o u n t e d   t h e  -  

c o l l e c t o r s   C,  t he   p r i n t i n g   s t a t i o n   a s s e m b l i e s   54,  a n d  

t h e   c l e a n i n g   a s s e m b l y   56.  T h e s e   l e v e l l i n g   p l a t e s   1 6 6  

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

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

a d j u s t m e n t   s c r e w s   168 .   They  can  t h e n   be  u s e d   as  p r e c i -  

s i o n   m o u n t s   f o r   s u p p o r t i n g   the   p r i n t   s t a t i o n   a s s e m b l i e s  

34  i n c l u d i n g   c o r r e s p o n d i n g   e t c h   c o n e s   72  and   t r a n s f e r  

c o n e s   74.  They  a l s o   can   be  u s e d   f o r   p o s i t i o n i n g   t h e  

c o l l e c t o r s   C.  

In  c o n v e n t i o n a l   d e c o r a t i n g   d e v i c e s   w a r e   mus t   b e  

p r i n t e d   to  c h e c k   r e g i s t r a t i o n   of  t he   d e s i g n   c o l o u r s .  

In  the  p r e s e n t   i n v e n t i o n   an  i n s p e c t i o n   of  t he   c o l l e c -  

t o r s   C  w i l l   a l l o w   t h e   o p e r a t o r   to  c h e c k   r e g i s t r a t i o n  

p r i o r   to  p r i n t i n g   w a r e .   F i n e   a d j u s t m e n t s   to  r e g i s t r a -  

t i o n   can  be  e a s i l y   a c c o m p l i s h e d   by  t he   a d j u s t i n g   s c r e w s  

79  and   c o l l a r   c l amp   75  h e r e i n b e f o r e   d e s c r i b e d .   S i n c e  

the  c l e a n i n g   s t a t i o n   a s s e m b l y   56  r e m o v e s   a l l   i nk   u p o n  

e a c h   c o m p l e t e   r o t a t i o n   of  t u r r e t   60  r e g i s t r a t i o n   can  b e  

q u i c k l y   r e c h e c k e d   and   a d j u s t e d   p r i o r   to  a c t u a l   p r o d u c t i o n .  

R e f e r r i n g   now  to  F i g u r e s   5-8  t h e   f o l l o w i n g   i s   a  



b r i e f   d e s c r i p t i o n   of  t he   o p e r a t i o n   of  t he   a p p a r a t u s  

of  t he   p r e s e n t   i n v e n t i o n   shown  t h e r e i n .   As  t u r r e t  

60  r o t a t e s ,   i t   s y n c h r o n o u s l y   d r i v e s   e a c h   p a i r   of  e t c h   c o n e s  

72  and  t r a n s f e r   c o n e s   74.  Each   e t c h   cone   72  r e c e i v e s  

a  s u p p l y   of  i n k   as  h e r e i n b e f o r e   d e s c r i b e d .   D e s i g n  

i m p r e s s i o n s   108 ,   e t c h e d   or  e n g r a v e d   in   t h e   s u r f a c e   o f  

e t c h   cone   72,   r e c e i v e   t he   i nk   a f t e r   a p p l i c a t i o n / d o c t -  

o r i n g ,   and   an  i n k   f o r m e d   d e s i g n   109  i s   a v a i l a b l e   f o r  

o f f s e t   to  e l a s t o m e r i c   s i l i c o n e   s u r f a c e   75  c a r r i e d   b y  

t r a n s f e r   c o n e . 7 4 .   S i l i c o n e   s u r f a c e   75  and  e t c h   cone   7 2  

r o l l   in  i n t i m a t e   c o n t a c t   a g a i n s t   e a c h   o t h e r .   The  i n k  

92  in  t h e   i m p r e s s i o n s   108  is   t r a n s f e r r e d   as  a  s e m i -  

s o l i d   c o h e s i v e   mass   f rom  the   f o r m e r   to  t h e   l a t t e r   ( s e e  

r e f e r e n c e   n u m e r a l   1 0 9 ) .   The  c o l l e c t o r s   C l - C 1 0   e a c h  .  

e n c o u n t e r   s u c c e s s i v e   p r i n t i n g   s t a t i o n   54  l o c a t i o n s   D8 

to  Dl  ( c o u n t e r c l o c k w i s e   in  F i g u r e s   5  and   6)  as  t h e  

t u r r e t   60  r o t a t e s ,   and  t h e i r   w o r k i n g   s u r f a c e s   163  r e c e -  

ive   t h e r e o n   a  d e s i g n   p o r t i o n   109  of  c o m p o s i t e   d e s i g n  

109 '   f rom  e a c h   s u c c e s s i v e   p r i n t i n g   s t a t i o n   in  r e g i s t r a -  

t i o n   w i t h   t h e   o t h e r s .   At  p r i n t   t r a n s f e r   s t a t i o n   D10  

the   c o m p o s i t e   d e s i g n   1 0 9 ' ,   f o r m e d   by  e a c h   s u c c e s s i v e  

t r a n s f e r   of  d e s i g n   p o r t i o n s   109  f rom  e a c h   t r a n s f e r   c o n e  

74,  may  be  t r a n s f e r r e d   to  ware   W.  The  i nk   i s   t r a n s f e r a b l e  

b e c a u s e   e a c h   s u c c e s s i v e   s u r f a c e   e n c o u n t e r i n g   t he   i n k  

has   a  h i g h e r   a f f i n i t y   f o r   i t   t h a n   t h e   p r e v i o u s   o n e .  
I t   s h o u l d   be  u n d e r s t o o d   t h a t   s i l i c o n e   s u r f a c e   75  

i s   c o m p r e s s i b l e .   A c c o r d i n g l y ,   t h e   s i l i c o n e   s u r f a c e   75  

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

e t c h   cone  72  when  i t   comes  i n t o   c o n t a c t   t h e r e w i t h .   W h e n  

c o m p r e s s e d   or  d i s t o r t e d ,   s i l i c o n e   s u r f a c e   75  and  e t c h  

cone  72  s h a r e   a  common  a p e x .   The  d i s t o r t i o n   i s   n e c e -  

s s a r y   in  o r d e r   to  e n s u r e   t h a t   t he   i n k   i s   f o r c e d   a g a i n s t  

the   s i l i c o n e   s u r f a c e   7 5 .  
In  one  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ,   s h o w n  i n  



F i g u r e   11,  t he   r o t a t i n g   t u r r e t   60  h o l d s   t e n   c o l l e c t o r s  

C1-C10   in   t he   fo rm  of  e q u a l l y   s p a c e d   f l a t   s u r f a c e   s i l i -  

cone   a r c   s e c t i o n s . D e s i g n   p o r t i o n s   109  of  a  m u l t i c o l o u r e d   d e c o  

a t i o n  o r   d e s i g n   1 0 9 '   a r e   p r i n t e d   f rom  e a c h   s i l i c o n e   s u r -  

f a c e   75  of  t h e   t r a n s f e r   c o n e s   74  in   t h e   r e s p e c t i v e  

p r i n t i n g   s t a t i o n s   54  a t   D l - D 8 .   The  r a d i u s   of  c u r v a -  

t u r e   Rc  of  e a c h   c o l l e c t o r   C  ( s o m e t i m e s   h e r e i n a f t e r   t h e  

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

f o r   s i m p l i c i t y )   i s   n o r m a l l y   d e t e r m i n e d ,   in   one  e m b o d -  

i m e n t ,   by  t h e  g e o m e t r y   of  t h e   ware   W  to  be  d e c o r a t e d  

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

d e s c r i b e d ) .   N o r m a l l y   t h e   c u r v a t u r e   Rc  of  t h e   c o l l e c t -  

o r s   C  w i l l   n o t   c o i n c i d e   w i t h   t he   r a d i u s   of  c u r v a t u r e  

Rt  of  t h e   t u r r e t   t a b l e   60.  H o w e v e r ,   i f   a p e x   A'  of  t h e  

w a r e   W  can  be  o r i e n t a t e d   to  s i m u l t a n e o u s l y   c o i n c i d e  

w i t h   t h e   c e n t r e   Cc  of  t h e   c o l l e c t o r s   C,  t h e n   a  n o n s l i p  

r o l l i n g  a c t i o n   b e t w e e n   a  cone   and  t h e   s i l i c o n e   s u r f a c e  

of  t h e   c o l l e c t o r s   C  can   be  e s t a b l i s h e d .  

F i g u r e s   12A-12C   show  how  ware   W  m u s t   be  p o s i t -  

i o n e d   as  t he   t u r r e t   60  r e v o l v e s   and  t h e   c o l l e c t o r s   C 

p a s s   o v e r   t he   w a r e   W  a t   p r i n t   t r a n s f e r   s t a t i o n   D 1 0 .  

Such   p o s i t i o n i n g   r e q u i r e s   r o t a t i o n a l   and   t r a n s l a t i o n a l  

m a n i p u l a t i o n .   The  w a r e   W  to  be  d e c o r a t e d   i s   o r i e n t a t e d  

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

t o r s   C  w i t h o u t   s l i p p i n g .   The  ware   W  m u s t   be  p o s i t i o n e d  

or  o r i e n t a t e d   so  t h a t   i t s   a p e x   At  i s   s h a r e d   by  t h e  

c e n t r e   Cc  of  t he   c o l l e c t o r s   C  a t   a l l   t i m e s   of  c o n t a c t ,  

so  t h a t   a  n o n - s t r e t c h i n g   n o n - s k i d d i n g   r o l l i n g  c o n t a c t  

can   r e s u l t .  

I t   s h o u l d   be  n o t e d   t h a t   t h i s   r e q u i r e m e n t   f o r   c h a n g -  

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

Rc  of  e a c h   c o l l e c t o r   C  i s   d i f f e r e n t   f o r   e a c h   s t y l e   o f  

w a r e   and   d i f f e r e n t   f rom  the   r a d i u s   of  c u r v a t u r e   Rt  o f  

t u r r e t   60.  The  l a t t e r   i s   s p e c i f i e d   by  t h e   r a d i a l   l o c a -  

t i o n   of  t he   c o l l e c t o r   C  on  t he   m a c h i n e   t u r r e t   6 0 . . T h e  



r a d i u s   of  c u r v a t u r e   Rc  of  e a c h   c o l l e c t o r   C,  c e n t r e d   a t  

Cc,  i s   d i c t a t e d   by  d e v e l o p e d   s u r f a c e   S  of  t he   c o n i c a l  

ware   W  to  be  d e c o r a t e d   ( s e e   F i g u r e   1 3 A ) .   The  l e n g t h  
L  of  t h e   a r c   s e c t i o n ,   d e f i n i n g   c o l l e c t o r ,   C  i s   d i c -  

t a t e d   by  t h e   c i r c u m f e r e n c e   of  t h e   w a r e   W  to  be  d e c o r a t e d  

a l o n g   t h e   l i n e   or  p a t h   of  a p p l i c a t i o n   P,  s u b s t a n t i a l l y  

c e n t r a l l y   of  c o l l e c t o r   C. 

In  F i g u r e   12B,  t he   ware   W  i s   a n g u l a r l y   o r i e n t a t e d  

so  t h a t   i t s   a p e x   A'  i s   s h i f t e d   to   f o l l o w   t h e   c e n t r e  

Cc  o f  t h e   c o l l e c t o r   C  by  the   a n g u l a r   d i f f e r e n c e   B° 

b e t w e e n   t h e   r a d i u s   Rc  of  t he   c o l l e c t o r   C  and  t he   r a d i u s  

Rt  of  t u r r e t   60.  The  a x i s   AW  of  t h e   w a r e   W  i s   o r i e n t -  

a t e d   so  t h a t   ware   a p e x   A'  i s   c o i n c i d e n t   w i t h   t h e   c e n t r e  

Cc  of  c o l l e c t o r   C.  In  t he   e x a m p l e   h e r e i n   shown ,   t h e  
c o l l e c t o r   C  i s   m o u n t e d   so  t h a t   i t s   m i d p o i n t  m   c o i n c i d e s  

w i t h   t u r r e t   r a d i u s   Rt ,   b u t ,   s i n c e   t h e   c u r v a t u r e   Rc  o f  

t he   c o l l e c t o r   C  does   no t   c o i n c i d e   w i t h   t h e   c u r v a t u r e  

Rt  of  t h e   t u r r e t   60,  t he   r e s p e c t i v e   l e a d i n g   and  t r a i -  

l i n g   e d g e s  l   a n d  t   of  the   c o l l e c t o r   C  a r e   i n b o a r d   ( t o  

t he   l e f t   i n  F i g .   12A)  of  mid  p o i n t  m   by  x  u n i t s   f r o m  

the   f u l l   e x t e n t   of  the   t u r r e t   r a d i u s   R t .   F u r t h e r ,   s i n c e  

c o l l e c t o r   r a d i u s   Rc  has   a  c e n t r e   or  o r i g i n   Cc  d i f f e r e n t  

f rom  t u r r e t   c e n t r e   C,  the   ware   W  l o c a t e d   a t   t u r r e t  

r a d i u s   Rt  m u s t   be  r o t a t e d   a b o u t   i t s   p o i n t   of  c o n t a c t  

Pc  w i t h   c o l l e c t o r   C.  The  d i f f e r e n c e   in   t h i s   a n g u l a r  

p o s i t i o n   i s   i l l u s t r a t e d   in   F i g .   12B  &  C,  w h e r e   R e  

r e s p e c t i v e l y   l e a d s ' a n d   l a g s   Rt  by  B°.  T h u s ,   w a r e   W 

mus t   be  r o t a t e d   a t   i t s   p o i n t   of  c o n t a c t   Pc  a b o u t   c o n -  

t a c t   a x i s   Ap  by  2 B ° .  

In  F i g u r e   15B,  ware   W  is   shown  in  c o n t a c t   w i t h  

c o l l e c t o r   C  a l o n g   a  l i n e   of  c o n t a c t   or  r a y   RW  s h a r e d  

t h e r e b e t w e e n .   C o n t a c t   a x i s   AP  i s   n o r m a l   to  r a y   RW  a t  

c o n t a c t   p o i n t   PC.  I t   is   g i v e n   t h a t   w a r e   r a y   R W ,  m e a s u r e d  

f rom  c o n t a c t   p o i n t   PC,  s h o u l d   be  in   r a d i a l   a l i g n m e n t  



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

Any  a n g u l a r   or  l a t e r a l   s h i f t   t h e r e f r o m   i s   m e a s u r e d  

r e l a t i v e   t h e r e t o .   I t   i s   t h e r e f o r e   r e q u i r e d   t h a t :  

(1)   t h e   ware   W  be  moved   to  an  i n i t i a l   p o s i t i o n ,   u p o n  

e n g a g e m e n t   w i t h   l e a d i n g   edge   1  of  c o l l e c t o r   C,  w h e r e -  

by  i t s   c o n t a c t   p o i n t   PC  i s   s h i f t e d   x  u n i t s   i n b o a r d  

of  i t s   p o s i t i o n   a t   m i d p o i n t  m   and  (2)   t h e   w a r e   r a y  

RW  i s   r o t a t e d   B°  a b o u t   c o n t a c t   a x i s   AP  c o u n t e r c l o c k w i s e  

(CCW)  of  t u r r e t   r a d i u s   R t .   ( F o r   p u r p o s e s   of  t h e  

d i s c u s s i o n ,   ware   a x i s '  A W   and  ware   r a y   RW  l i e   in   t h e   s a m e  

p l a n e ,   and  r o t a t i o n   of  t h e   ware   W  a b o u t   c o n t a c t   p o i n t  

PC  o c c u r s   a b o u t   c o n t a c t   a x i s   AP  a l s o   in   s u c h   p l a n e ) .  

R e f e r r i n g   to  F i g s .   1 2 A - 1 2 C ,   as  t h e   l e a d i n g   edge   1 

of  c o l l e c t o r   C  f i r s t   m e e t s   t he   ware   W  in  F i g .   12B,  t h e  

w a r e   W  is   t r a n s l a t e d   by  x  u n i t s   and  r o t a t e d   c o u n t e r -  

c l o c k w i s e   by  B ° .   At  t h e   midway   p o s i t i o n   m,  shown  i n  

F i g u r e   12A,  t h e   c o n t a c t   p o i n t   PC  i s   a t   m i d p o i n t   m  o f  

c o l l e c t o r   C,  l a t e r a l ' t r a n s l a t i o n   i s   z e r o   u n i t s   and  w a r e  

a x i s   AW  is   a t   z e r o   d e g r e e s   r o t a t i o n   a b o u t   c o n t a c t  

a x i s   AP.  F i n a l l y ,   as  t h e   c o l l e c t o r   C  a d v a n c e s   f u r t h e r ,  

t h e   w a r e   W  i s   t r a n s l a t e d   and  r o t a t e d   so  t h a t   a x i s   AP 

i s   p o s i t i o n e d   x  u n i t s   i n b o a r d   ( t o   t h e   l e f t   in   F i g u r e  

12C)  and   wa re   a x i s   AW  i s   r o t a t e d   B°  c l o c k w i s e   (CW) 

a t   t h e   t r a i l i n g   edge   t  of  t h e   c o l l e c t o r   C.  T h u s ,  

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

c o u n t e r   w i t h   a  c o l l e c t o r   C.  

F i g u r e   14,   a t   p o s i t i o n s   (A)  t h r o u g h   (C)  and  F i g s .  

1 5 A - 1 5 B   d e m o n s t r a t e   how  a  cam  140  i s   u s e d   to  c o n t i n u o u -  

s l y   p o s i t i o n   t h e   ware   W  to  a l i g n   i t s   a p e x   At  w i t h   t h e  

c o l l e c t o r   a p e x   A".  The  g e n e r a t e d   m o t i o n   of   t h e   w a r e  

W,  c a r r i e d   in  c h u c k   150  is   a  c o m b i n a t i o n   of  two  m o t i o n s  

a t   t h e   p o i n t   of  c o n t a c t   PC,  n a m e l y   (1)  a  p i v o t i n g  

a c t i o n   of  t he   w a r e   a b o u t   c o n t a c t   a x i s   AP  ( p e r p e n d i c u l a r  

to  t h e   u p p e r   s i d e w a l l   of  t he   ware   W);  and   (2)  t r a n s l a t i o n  



t h e r e o f   a l o n g   t he   r a d i u s   of  c u r v a t u r e   Rt  of  t u r r e t   6 0 ,  

s o m e t i m e s   h e r e i n a f t e r   r e f e r r e d   to  as  r a d i a l  l i n e  R t .  

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

f o l l o w s .   Cam  140 ,   d r i v e n   s y n c h r o n o u s l y   w i t h   t u r r e t  

60  v i a   d r i v e   5 2  ( F i g .   5)  and  s h a f t   141  ( F i g .   1 5 A ) ,  

has   an  o u t s i d e   p r o f i l e   142  and  an  i n s i d e   s l o t t e d  

p r o f i l e   144 .   Le t   t h e   r a d i u s   of  t h e   cam  140  a t   t h e  

p o s i t i o n   shown  in  F i g .   14(A)   be  Ro-  x  and  a t   F i g u r e  

14  (B)  be  Ro.  S i m i l a r l y ,   f o r   a  s y m m e t r i c a l   o b j e c t ,  

a t   F i g u r e   14  (C)  t he   r a d i u s   of  cam  140  i s   Ro-  x .  
O u t s i d e   cam  f o l l o w e r   146  i s   m o u n t e d   in   a  l a t e r a l l y  

m o v e a b l e   yoke   or  f r a m e   148 ,   in  p r i n t   t r a n s f e r   a s s e m b l y  

58,  and  f o l l o w s   o u t s i d e   p r o f i l e   142 .   F rame   148  i s  

s l i d a b l y   m o u n t e d   to  t a b l e   50  by  means   of  s l i d e   149  a n d  

is   r e s t r i c t e d   to  l i n e a r   m o t i o n   t h e r e b y .   The  c h u c k   1 5 0  

i s   c a r r i e d   in   yoke   197 ,   w h i c h   i s   r o t a t a b l y   s e c u r e d   t o  

f r a m e   148  v i a   r o t a t a b l e   b e a r i n g   175 .   The  yoke   1 9 7  

is   moved  r a d i a l l y   w i t h   t he   f r a m e   148  a l o n g   t u r r e t   r a d i a l  

l i n e   Rt  by  means   of  t h e   f r a m e   m o u n t e d   cam  f o l l o w e r   1 4 6 .  

As  cam  140  r o t a t e s   c l o c k w i s e ,   ( s e e  t h e   p r o g r e s s i o n  

in  F i g u r e s   1 4 A - 1 4 C )   the   ware   W  is   t r a n s l a t e d   a l o n g  

Rt  b y  x   u n i t s .   I t   s h o u l d   be  n o t e d   f rom  F i g u r e   12  (A)  

t h a t ,   as  t he   c o l l e c t o r   C  a d v a n c e s ,   i t s   r a d i u s   Rc  i s  

c o l i n e a r   w i t h   t h e . r a d i u s   Rt  of  t u r r e t   60  when  t he   m i d -  

p o i n t   m  of  c o l l e c t o r   C  l i e s   a l o n g   r a d i a l   l i n e   R t .  

T h u s ,   t he   cam  140  a d j u s t s   t he   p o s i t i o n   of  t h e   p r i n t  

t r a n s f e r   a s s e m b l y   58  so  t h a t   t he   r a d i a l   p o s i t i o n   o f  t h e  

ware   W  i s   d i s p l a c e d   x  u n i t s   a t   t he   r e s p e c t i v e   l e a d i n g  

a n d   t r a i l i n g   e d g e s   1  and  t  of  c o l l e c t o r   C,  and  z e r o  

a t   t he   m i d p o i n t   m. 

In  o r d e r   to  c o r r e c t   f o r   a x i s   r o t a t i o n ,   cam  f o l l o w -  

er   152 ,   c a r r i e d   by  an  arm  154 ,   is   o p e r a t i v e l y   c o u p l e d  

to  w a r e - c a r r y i n g   c h u c k   150  v i a   t he   r o t a t a b l e   b e a r i n g  

175  and  s u p p o r t i n g   yoke   197.   The  c h u c k   150  i s   a d a p t e d  

to  be  o r i e n t a t e d   so  t h a t   c o n t a c t   a x i s   Ap  of  the   w a r e  



W  a t   t h e   p o i n t   of  c o n t a c t   PC  w i t h   t h e   c o l l e c t o r   C 

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

175  i s   l o c a t e d   in   a  p o s i t i o n   v e r t i c a l l y   b e n e a t h   A P .  

T h u s ,   t h e   w a r e   W  may  be  r o t a t e d   a b o u t   i t s   c o n t a c t  

a x i s   Ap  w i t h   c o l l e c t o r   C.  In  t h e   p o s i t i o n   (A)  s h o w n  

in  F i g u r e   14,  arm  154  i s   B°  a d v a n c e d   ( i e   CCW),  a t  

F i g u r e   14  (B)  i t   i s   0°  a d v a n c e d   or  in   l i n e  w i t h   t u r r e t  

r a d i a l   l i n e   R t ,   and   a t   F i g u r e   14  (C)  i t   i s   -B°  a d v a n c e d  

or  B°  d e g r e s s   r e t a r d e d   ( i . e .   CW).  The  c o m b i n e d   m o t i o n  

p r o v i d e d   by  cam  140 ,   m a i n t a i n s   t h e   w a r e  r a y   RW  a l i g n e d  

w i t h   t h e   c o l l e c t o r   C  to  s i m u l a t e   two  s u r f a c e s   in   n o n -  

s l i p - a p e x   a l i g n e d - r o l l i n g - m o t i o n   as  d e s c r i b e d   a b o v e .  

The  a b o v e   s y s t e m   i s   w o r k a b l e   f o r   many  ware   s h a p e s  

b u t   r e q u i r e s   a  cam  c h a n g e   f o r   e a c h   wa re   p r o f i l e .   F u r -  

t h e r ,   f o r   some  s h a p e s   i t   w o u l d   n o t   be  a d v i s a b l e   t o  

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

For   e x a m p l e ,   r e f e r e n c e   i s   d i r e c t e d   to  F i g u r e   13B  w h e r e -  

in   t h e r e   a r e   shown  two  a r t i c l e s   to  be  d e c o r a t e d ,   n a m e l y  

a  cup  WC  and  a  bowl   Wb.  The  cup ,   s i m i l a r   to  t he   o n e  

i l l u s t r a t e d   i n  F i g u r e   13A,  has   a  m o d e r a t e l y   s t e e p   s i d e  

w a l l   a n g l e   @c  and  a  l a r g e   end  d i a m e t e r   Dc.  A x i a l   l e n g t h  

Xc  i s   d e t e r m i n e d   by  the   f o r m e r   two  p a r a m e t e r s .   S u r f a c e  

wrap   a n g l e   @c  i s   a  f u n c t i o n   of  t h e   a x i a l   l e n g t h   Xc  a n d  

d i a m e t e r   Dc.  In  t h e   c a s e   of  a  cup ,   t h e   wrap  6c  a n g l e  

i s   r e l a t i v e l y   s m a l l   as  shown .   A  c o l l e c t o r  C c   f o r   t h e  

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

Sc  t h e r e o f   ( s e e   a l s o   F i g u r e   13A) ,   and   t h e  c u p   may  b e  

o r i e n t a t e d   as  d e s c r i b e d   a b o v e   to  p r o d u c e   a p e x   c o i n c i d e n c e  

w i t h   t he   c o l l e c t o r   Cc.  The  r o t a t i o n a l   and   t r a n s l a t i o n a l  

m o t i o n   r e q u i r e d   i s   n o t   s e v e r e .   In  t he   c a s e   of  a  b o w l  

Wb,  shown  in   F i g u r e   13B,  t he   wrap   a n g l e   6b  is   l a r g e  

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

H o w e v e r ,   as  a  p r a c t i a l   m a t t e r ,   a  c o l l e c t o r   Cb  f o r   t h e  

bowl   Wb  c o u l d   o n l y   be  u s e f u l   o v e r   some  l e s s e r   wrap  a n g l e ,  

e . g .   @b' .   T h u s ,   t h e r e   i s   a  s i g n i f i c a n t   d i f f e r e n c e   i n  

c o v e r a g e .  



'In  t he   c a s e   of  t he   cup  Wc,  a l l   or  p a r t   of  the   c i r c u m -  

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

c o n t a c t e d   ( s e e   c r o s s   h a t c h e d   a r e a ) ,   w h e r e a s   in  t h e  

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

one  p a s s   w o u l d   be  l i m i t e d   to  t h e   m o d i f i e d   wrap  a n g l e  

@b'  ( h a t c h e d   a r e a )   o v e r   t he   d e v e l o p e d   s u r f a c e   SB.  

F u r t h e r ,   w h i l e   w i t h   a  cam  c h a n g e   i t   i s   p o s s i b l e   t o  

p r i n t   a  d i v e r s i t y   of  a r t i c l e s ,   i t   may  be  p r e f e r a b l e  

in  c e r t a i n   i n s t a n c e s   to  u t i l i z e   a  s i m p l i f i e d   e m b o d i -  

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

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

chuck   150  w i l l   be  d e s c r i b e d   by  r e f e r e n c e   to  F i g s .   5 ,  

14  15A  and  1 5 B .  

The  p u r p o s e   of  t h e   c h u c k   150  i s   to  r e c e i v e   w a r e  

W and   s e c u r e   i t   a t   t h e   c o r r e c t   a n g l e   f o r   e n g a g e m e n t  

w i t h   a  c o l l e c t o r   C.  In  o r d e r   to  a c c o m p l i s h   t h i s ,   a  

p l u r a l i t y   of  i n d e x a b l e   p a d d l e s   170  a r e   s e c u r e d   to  a  

r o t a t a b l e   b l o c k   member   172 .   The  l a t t e r   i s   r o t a t a b l y  

j o u r n a l l e d   in   o p p o s e d   o p e n i n g s   174  in   o p p o s e d   u p s t a n d -  

ing   s u p p o r t   m e m b e r s   173  of  yoke   197 .   The  b l o c k   1 7 2  

c a r r i e s   ware   m a t i n g   c h u c k   p a d s   176  and   d e p r e s s a b l e  

s p r i n g   l o a d e d   vacmu  p i n   1 7 8 .  

In  F i g u r e s   5  and   15b  i t   can  be  s e e n   t h a t   t h e  

ware   W  i s   i n d e x e d   o n t o   pad   176  when  i t   i s   o r i e n t a t e d  

h o r i z o n t a l l y   (Ql )   in   F i g u r e   15B) .   A x i a l   s p r i n g   1 8 0 ,  

r e t a i n e d   b e t w e e n   f l a n g e   179  a t   d i s t a l   end  of  p i n   1 7 8  

and  b u s h i n g   182  m o u n t e d   in   p a d d l e   170 ,   i s   d e p r e s s e d  

by  e n g a g e m e n t   of  t h e   p i n   178  w i t h   t he   i n s i d e   of  t h e   w a r e  

W  as  i t   m a t e s   w i t h   pad   176 .   The  p i n   178,   s l e e v e d  

t h r o u g h   o p e n i n g   182 '   in   b u s h i n g   182,   i s   c o u p l e d   to  a  

vacuum  l i n e   181  in   p a d d l e   170.   The  p i n   178  has   a  

n o t c h e d   p o r t i o n   178t   and  f o o t  v a l v e   183  l o c a t e d   a t   a  

p r o x i m a l   end  t h e r e o f .   The  f o o t   v a l v e   183  is   s l e e -  

ved   in  c h a m b e r   1 8 1 '   c o m m u n i c a t i n g   t he   i n s i d e   of  t h e  

ware   W  w i t h   vacuum  l i n e   180 .   As  t he   ware   W  s e a t s   a g a i n s t  



m a t i n g   pad   176 ,   p i n   178  moves   f o o t   v a l v e   183  i n w a r d l y  

of  c h a m b e r   1 8 1 '   o p e n i n g   v a c u u m   l i n e   181  to  i n s i d e   t h e  

wa re   W  v i a   n o t c h e d   p o r t i o n   1 7 8 '   and   t h e r e b y   h o l d i n g  

t h e   ware   W  f i r m l y   i n t o   p o s i t i o n .  

Vacuum  i s   m a i n t a i n e d  i n   t h r e e   q u a d r a n t s   Q 1 - Q 3  

of  t h e   r o t a t i o n   of  b l o c k   172  and   i s   c u t   o f f   a t   Q4  a s  

f o l l o w s   ( s e e   a r r o w s   V).   S e c t o r   s h a f t   1 8 5 ,  l o c a t e d  

c o n c e n t r i c a l l y   in   o p e n i n g   187  of  b l o c k   172,   c a r r i e s  

s e a l   edge   189 .   Vacuum  l i n e   194  has   a c c e s s   to  a  s p a c e  

191  b e t w e e n   s e c t o r   s h a f t   185  and  t h e   o p e n i n g   1 8 7 .  

The  s p a c e   191  i s   n o r m a l l y   u n d e r   v a c u u m   or  r e d u c e d   a i r  

p r e s s u r e   and   c o m m u n i c a t e s   w i t h   t he   i n t e r i o r   of  t h e   w a r e  

W  o v e r   v a c u u m   l i n e   181  v i a   p o r t s   193 .   As  t h e   w a r e   i s  

l o a d e d   a t   Ql,   t he   p i n   179  and  s p r i n g   180  a r e   d e p r e s s e d  

o p e n i n g   f o o t   v a l v e   183 .   The  w a r e   W,  s e c u r e d   by  v a c u u m ,  

is   c a r r i e d   f rom  Ql  to  Q2  f o r   d e c o r a t i o n   by  e n g a g e m e n t  

w i t h   c o l l e c t o r   C.  T h e r e a f t e r ,   i t   i s   moved  to  t h e  

i d l e   p o s i t i o n   Q3  w h i l e   s t i l l   u n d e r   v a c u u m ,   and  t h e n c e  

to  Q4,  w h e r e   s e a l   edge   189  b l o c k s   p o r t   193  to  v a c u u m  

l i n e   194 .   An  a i r   l i n e   195  s u p p l i e s   a i r   to  p o r t   193  i n  

t he   Q4  p o s i t i o n   to  s u p p l y   a i r   i n t o   vacuum  l i n e   1 8 1  

t h e r e b y   to  b l o w   t he   wa re   W  o f f   p a d d l e   170  v i a   t h e  

vacuum  p a t h   d e s c r i b e d   a b o v e .   As  t h e   ware   W  m o v e s  

s u f f i c i e n t l y   f rom  pad   176 ,   f o o t   v a l v e   183  c l o s e s   a n d  

b l o c k s   t h e   o p e n i n g   182 '   in   b u s h i n g   182 .   Vacuum  i s  

r e s t o r e d   when   t h e   p a d d l e   170  a d v a n c e s   f rom  Q4  t o w a r d  

Ql,   s e a l   e d g e   189  p a s s i n g   p o r t   193  and  f o o t   v a l v e   1 8 3  

o p e n i n g   by  l o a d i n g   new  w a r e .   A  m i s s e d   l o a d i n g   w i l l  

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

f o o t   v a l v e   183  w i l l   be  m a i n t a i n e d   c l o s e d   by  s p r i n g  

180  h o l d i n g   s h a f t   17S  to  t h e   l e f t .   S e c t o r   s h a f t   1 8 5  

can  be  r o t a t e d   d u r i n g   s e t - u p   and  f o r   t i m i n g ,   b u t   i s  

t h e n   l o c k e d   i n t o   s t a t i o n a r y   p o s i t i o n .  

The  r o t a t a b l e   b l o c k   172  c a r r y i n g   t he   p a d d l e s  1 7 0  



i s   d r i v e n   by  a  b a r r e l   cam  a c t u a t e d   d r i v e   186 ,   s u c h   a s  

a  8 / 2   FH  6 2 - 1 2 0   r o l l e r   g e a r   d r i v e   m a n u f a c t u r e d   b y  

F e r g u s o n   M a c h i n e   C o . ,   t h r o u g h   one  of  two  j o u r n a l l e d  
e n d s   174  of  t h e   r o t a t a b l e   b l o c k   172  ( s e e   F i g .   5 ) .  

The  d r i v e   186  i s   a c t u a t e d   s y n c h r o n o u s l y   w i t h   t h e  

t u r r e t   60  v i a   d r i v e   s h a f t   188  w h i c h   i n c l u d e s   s l i d a b l e  

s p l i n e   c o u p l i n g   200 ,   a  p a i r   of  u n i v e r s a l   j o i n t s   2 0 1  

one  e a c h   a t   o p p o s i t e   e n d s   of  c o u p l i n g   200  as  s h o w n ,  
and  o p p o s e d   s h a f t   e x t e n s i o n s   199  c o u p l e d   to  e a c h  

u n i v e r s a l   201..  One  s h a f t   e x t e n s i o n   199  i s   c o u p l e d  

to  d r i v e   186  v i a   a  c h a i n   or  p u l l e y   205 .   The  o p p o s i t e  

s h a f t   e x t e n s i o n   199  i s   s e c u r e d   in   b e a r i n g   195 .   P u l l e y  

190  i s   m o u n t e d   to  f r e e   end  of  s h a f t   e x t e n s i o n   1 9 9 .  

A n o t h e r   p u l l e y   192  i s   c o a x i a l l y   d r i v e n   w i t h   a  b e a r i n g  

m o u n t e d   p i n i o n   194  e n g a g i n g   the   r i n g   g e a r   62.  T h e  

p i n i o n   194  and  p u l l e y   1 9 2  a r e   a p p r o p i a t e l y   s e c u r e d   b y  

b l o c k   196,   w h i c h   i s ,   in   t u r n ,   s e c u r e d   to  t h e   b a s e  

t a b l e   50  by  f r a m e   member   198 .   B e l t   197  c o u p l e s  

p u l l e y s   190  and  1 9 2 .  

For   t e n   s t a t i o n s   D1-D10  t h e   r a t i o   of  t h e   p i n i o n  

194  to  t he   r i n g   g e a r   62  i s   c h o s e n   s u c h   t h a t   e a c h   1 / 1 0  

r o t a t i o n   of  t he   t u r r e t   60  c a u s e s   s h a f t   188  to  r o t a t e  

one  t u r n .   S h a f t   188  i s   s p l i n e d   a t   c o u p l i n g   200  t o  

move  a x i a l l y   as  f r a m e   148  m o v e s  r a d i a l l y   x  u n i t s   a s  

d e s c r i b e d   a b o v e .   A l s o ,   u n i v e r s a l   j o i n t s   201  a l l o w  

the   s h a f t   188  to  r o t a t e   w h i l e   t he   f r a m e   i s   a d v a n c e d  

and  r e t a r d e d   o v e r   t h e   2B  d e g r e e  s w i n g .   As  s h a f t  

188  r o t a t e s   o n c e ,   i t   a c t u a t e s   d r i v e   186  so  t h a t   t h e  

b a r r e l   cam  ( n o t   shown)   t h e r e i n   c a u s e s   t h e   b l o c k   1 7 2  

and  p a d d l e s   170  c a r r y i n g   ware   W  to  r o t a t e   i n t e r m i t t e n -  

t l y   9 0 ° ,   or  1 /4   t u r n ,   i n t o   q u a d r a n t   Q2  j u s t   p r i o r   to  t h e  

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

s t a t i o n   a t   D10.  Note   t h a t   t he   o r i e n t a t i o n   of  t he   p a d d l e s  

170  at   p o s i t i o n   Q2  is   i l l u s t r a t e d   in   F i g .   15B,  a n d  

shows  t h a t   ware   W  i s   a l i - n e d   w i t h   c o l l e c t o r   C  so  t h a t  



a x i s   Ap,  n o r m a l   to  t h e   ware   s u r f a c e ,   i s   p e r p e n d i c -  

u l a r   to  c o l l e c t o r   C.  As  t h e   c o l l e c t o r   C  comes  i n t o  

e n g a g e m e n t   w i t h   t h e   wa re   W,  f r i c t i o n   c a u s e s   t h e   w a r e  

W  to  r o t a t e   in   n o n - s l i p p i n g   r e l a t i o n   w i t h   t he   c o l l e c -  

t o r   C.  The  w a r e   W  t h e n   i s   i n d e x e d   o u t   of  q u a d r a n t  

Q2  by  a  1 / 4   r o t a t i o n   of  b l o c k   172  to  f a c e   d o w n w a r d l y  

in   q u a d r a n t   Q3  on  t h e   i n b o a r d   s i d e   of  p r i n t   t r a n s f e r  

d e v i c e   58  as  shown  in   F i g u r e   5.  F i n a l l y   on  t h e   n e x t  

i n d e x i n g   s t e p ,   t h e   ware   W  i s   moved  n e a r l y   h o r i z o n t a l  

i n t o   t h e   l o w e r m o s t   q u a d r a n t   Q4  f o r   e j e c t i o n   and   r e m -  

o v a l   by  c o n v e y o r   means   ( n o t   s h o w n ) .   As  e x p l a i n e d  

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

o f f   by  v a l v e   a c t i o n   w i t h i n   b l o c k   172  t h e r e b y   r e l e a s -  

i n g   t h e   w a r e   W  w h i l e   t he   s p r i n g   180  and   p o s i t i v e   a i r .  

p r e s s u r e   f rom  a i r   l i n e   195  u r g e   t h e   w a r e   away  f r o m  

p l a t e   176  and   o n t o   c o n v e y o r   means   ( n o t   s h o w n ) .   On 

t h e   n e x t   l o a d i n g   a t   q u a d r a n t   Ql,  t h e   v a c u u m   i s   r e s e t .  

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

p r e f e r a b l e   f o r   p r i n t i n g   l a r g e   w a r e ,   i t   i s   p r o p o s e d  

t h a t   t he   c a m - f o l l o w i n g   p r i n t   t r a n s f e r   d e v i c e   58  b e  

h e l d   f i x e d   in   t he   p o s i t i o n   shown  in   F i g u r e   14  ( B )  

w i t h   a l l   a x e s   a l i g n e d .   In  o r d e r   to  a c c o m p l i s h   t h i s ,  

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

r a d i u s   of  c u r v a t u r e   Rc  i s   a l i g n e d   w i t h   and  c o r r e s -  

p o n d s   to  t h a t   ( R t )   of  t h e   t u r r e t   t a b l e   60.  The  w a r e  

W  w o u l d   t h e n   be  o r i e n t a t e d   by  c h u c k   150  a t   a  f i x e d  

p o s i t i o n ,   e . g .   a l i g n e d   w i t h   t h e  r a d i u s   Rt  of  t h e   t u r r e t  

60.  In  F i g u r e   13C,  t h e r e   i s   shown  a  r e f o r m e d   c o l l e c t o r  

CS  h a v i n g   a  m o d i f i e d   d e v e l o p e d   s u r f a c e   S ' .   The  r e f o r -  

med  c o l l e c t o r   CS  has   a  r a d i u s   of  c u r v a t u r e   RCS  e q u a l  

to  t h e   t u r r e t   r a d i u s   Rt  and  h a v i n g   t h e   same  c e n t r e   C .  

A  p i e c e   of  c o n i c a l   ware   or  cup  WC,  s u c h   as  i n  F i g u r e  

13B,  has   r e s p e c t i v e   l a r g e   and   s m a l l   end  d i a m e t e r s   DC 

and   dc .   The  l a r g e   d i a m t e r   DC  d e f i n e s   a  c i r c l e   h a v i n g   a  



p e r i m e t e r  π  ( D C ) ,   and  l i k e w i s e ,   t h e   s m a l l   d i a m e t e r   d c  

d e f i n e s   a  c i r c l e   h a v i n g   a  c i r c u m f e r e n c e  π  ( d c ) .   I n  

F i g u r e   13C  i t   i s   g i v e n   t h a t   o u t b o a r d   m a r g i n   Mo  o f  

m o d i f i e d   d e v e l o p e d   s u r f a c e   St  has   an  a r c   l e n g t h   f r o m  

r e s p e c t i v e   l e a d i n g   to  t r a i l i n g   e d g e s   1  and  t  e q u a l   t o  

t h e   l a r g e   c i r c u m f e r e n c e  π  ( D C )   of  cup  WC.  The  i n b o a r d  

m a r g i n   Mi  has   a  l e n g t h   w h i c h   i s   d i f f e r e n t   i . e .   g r e a t e r  

t h a n   t h e   c i r c u m f e r e n c e  π  ( d c )   of  t he   s m a l l   end  of  c u p  

WC.  I f   i t   i s   a l s o   g i v e n   t h a t   cup  WC  r o l l s   w i t h o u t   s l i p -  

p i n g   t h e n   a l l .   p o i n t s   on  cup  WC  move  a c r o s s   m o d i f i e d   s u r -  

f a c e   S'  w i t h o u t   s l i p p i n g .   The  l a r g e   end  of  t he   c u p  
WC  w i l l   t r a c e   an  a r c   in  c o r r e s p o n d e n c e   w i t h   t h e   o u t -  

b o a r d   m a r g i n   Mo  m o d i f i e d   s u r f a c e   S ' ,   H o w e v e r ,   t h e  

s m a l l   end  of  cup  WC  w i l l   n o t   t r a c e   an  a r c   in   c o r r e s p o n -  

d e n c e   w i t h   t he   i n b o a r d   end  Mo  of  s u r f a c e   St  b e c a u s e   l i n e  

Mi  i s   l o n g e r   t h a n   t he   c i r c u m f e r e n c e  π  d c   of  t h e   s m a l l  

end  of  cup  WC.  I f   no  s l i p p i n g   o c c u r s   b e t w e e n   cup  WC 

and  r e f o r m e d   c o l l e c t o r   CS,  a l o n g   a  l i n e   of  c o n t a c t  

Lc  t h e r e b e t w e e n ,   t h e n   the   c o l l e c t o r   CS  mus t   b e c o m e  

p r o g r e s s i v e l y   d i s t o r t e d .   T h i s   is   s y m b o l i z e d   by  t h e  

p r o g r e s s i v e   a n g u l a r   s h i f t   of  t he   d o t t e d   l i n e   B  r e p r e s -  

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

Note   t h a t   as  t he   d e f o r m e d   c o l l e c t o r   CS  moves   f r o m  

r i g h t   to  l e f t   b u l g e   B  a p p e a r s   to  r o t a t e   to  t h e   l e f t .  

A l s o ,   l i n e   of  c o n t a c t   LC  r e m a i n s   f i x e d   in   a l i g n e m e n t  

w i t h   t u r r e t   c e n t r e   C.  

In  F i g u r e   16  the   a b o v e   i s   b e s t   i l l u s t r a t e d   i n  

s i d e   s e c t i o n   n e a r   t he   s m a l l   end  of  t he   cup  WC.  T h e  

cup  WC  has   s t r e t c h e d   or  p u s h e d   t he   c o l l e c t o r   CS  a w a y  

f rom  i t s e l f   as  b u l g e   B  in  t he   s u r f a c e   of  t he   c o l l e c -  

t o r   CS.  The  d e f o r m e d   c o l l e c t o r   CS  c a r r i e d   by  s u p p o r t  

210  i n c l u d e s   e l a s t o m e r   pad  212  h a v i n g   w o r k i n g   s u r f a c e  

216  c o r r e s p o n d i n g   to  the   m o d i f i e d   d e v e l o p e d   s u r f a c e   S ' .  

The  cup  WC  e n g a g e s   c o l l e c t o r   CS  a t   213 .   As  t h e   c o l l -  

e c t o r   CS  moves   to  the   r i g h t ,   t he   s m a l l   end  of  t h e   c u p  

WC  f o r c e s   or  s t r e t c h e s   t he   e l a s t o m e r   to  t he   r i g h t .  



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

t h e   s m a l l   end  of  t h e   cup  WC  is   l e s s   t h a n   t h e   a r c  

l e n g t h   of  t h e   i n b o a r d   m a r g i n   Mi  of  t h e   c o l l e c t o r   CS .  

S i n c e   t he   w a r e   WC  d o e s   n o t   s l i p ,   t h e   e l a s t o m e r   p a d  

212  g i v e s   s u c h   t h a t   i t   may  be  f o r c e d   o u t   of  t h e   p a t h  

of  cup  WC  f o r m i n g   t h e   b u l g e   B.  

The  d e c o r a t i o n   ( n o t   shown)   on  t h e   u n d e r s i d e   o r  

w o r k i n g   s u r f a c e   216  of  t he   pad   212  i s   c o r r e s p o n d i n g l y  

d i s t o r t e d   or  s t r e t c h e d   by  t h e   f o r c e d   f i t t i n g   a c t i o n .  

H o w e v e r ,   f o r   c e r t a i n   t y p e s   of  d e c o r a t i o n s   ( e . g .   f l o r a l s )  

t h i s   i s   i m m a t e r i a l   s i n c e   i t   i s   n o t   c r i t i c a l   i n  

a p p e a r a n c e .   On  t h e   o t h e r   h a n d ,   in   v e r y   s y m m e t r i c a l  

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

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

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

i n s t a l l e d  o n   t h e   e t c h   c o n e s   72.  T h i s   m i g h t   be  a c c o m -  

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

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

t h e r e f o r .  

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

i l l u s t r a t e d   in  F i g u r e s   17A  and  17B,  f l a t w a r e   W  i s  

s u b s t i t u t e d   f o r   the   c o l l e c t o r s   C.  In  t h i s   a r r a n g e -  

ment   t he   ware   W  i t s e l f   i s   h e l d   a g a i n s t   t h e   r o t a t i n g  

t u r r e t   t a b l e   60  by  r e d u c e d   p r e s s u r e   o p e r a t i n g   t h r o u g h  

v a c u u m   l i n e   120  and  h o l e   122  t h e r e i n .   The  t r a n s f e r  

cone   74  has   an  e l a s t o m e r   pad   220  t h e r e o n   f o r   c a r r y i n g  

t h e   d e s i g n   221 .   The  p a d   220  i s   c u t   away  to  c l e a r  

r im  p o r t i o n s   224  of  t h e   ware   so  t h a t   i t   e n g a g e s   o n l y  

t h e   c e n t r a l   p o r t i o n   222  t h e r e o f .  

In  y e t   a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t -  

i o n   means   a r e   p r o v i d e d   f o r   p r i n t i n g   t h e   e n t i r e   i n s i d e  

s u r f a c e   p o r t i o n   of  t h e   wa re   W.  In  F i g u r e   18  f o r  

e x a m p l e ,   f u l l   p r i n t ,   f l a t w a r e   and  h o l l o w   wa re   m e m b r a n e  

c o l l e c t o r s   230  may  be  a d a p t e d   f o r   p r o v i d i n g   a  f u l l  

p r i n t   of  t h e   i n s i d e   s u r f a c e   231  of  a  p i e c e   of  h o l l o w  



ware   W  shown .   The  m e m b r a n e   c o l l e c t o r s   230  i n c l u d e  

a  f r a m e   member   232  of  a  r i g i d   m a t e r i a l   h a v i n g   a n  

o p e n i n g   233  i n t o   w h i c h   i s   d i s p o s e d   an  e l a s t i c   mem-  

b r a n e   e l a s t o m e r   234  h a v i n g   a  w o r k i n g   s u r f a c e   2 3 5 .  

In  t h i s   a r r a n g e m e n t   t h e   m e m b r a n e   c o l l e c t o r s   230  a r e  

p e r i o d i c a l l y   i n d e x e d   i n t o   t he   t u r r e t   60  and  c a r r i e d  

by  s u p p o r t s   231  a t   s t a t i o n s   b e g i n n i n g   w i t h   D 8 .  

I n d e x i n g   of  t h e   m e m b r a n e   c o l l e c t o r s   230  may  be  a c c o m -  

p l i s h e d   m a n u a l l y   or  by  m e c h a n i c a l   means   n o t   s h o w n .  

As  e a c h   m e m b r a n e   c o l l e c t o r   230  i s   r o t a t e d   a b o u t   i n  

a  d i r e c t i o n   shown  by  the   a r r o w s   i t   e n c o u n t e r s   t h e  

v a r i o u s   p r i n t   s t a t i o n s   54  ( s e e   F i g .   5 ) ,   c o n t a c t s   t h e  

t r a n s f e r   r o l l s   74  and   r e c e i v e s   on  i t s   w o r k i n g   s u r f a c e  

235  the   f u l l   e x t e n t   of  t he   v a r i o u s   c o l o u r s   of  t h e  

d e s i g n   236 .   E a c h   m e m b r a n e   c o l l e c t o r   230  i s   t h e n  

i n d e x e d   f rom  t h e   t u r r e t  6 0   and  a l i g n e d   f o r   e n g a g e m e n t  

w i t h   a  p i e c e   of  wa re   W  as  i l l u s t r a t e d .   The  wa re   W 

is   p l a c e d   b e l o w   t h e   m e m b r a n e   c o l l e c t o r   230  and  a  

p i s t o n   or  p l u n g e r   238  h a v i n g   a  d e f o r m a b l e   s h a p e d  

f a c e   240  e n g a g e s   w i t h   t he   e l a s t o m e r   234 .   The  s h a p e d  

f a c e   240  d i s t o r t s   t h e   e l a s t o m e r   234  so  as  to  i n t i m a t e l y  

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

237  of  t h e   w a r e   W.  T h e r e a f t e r   t h e   p i s t o n   238  i s   w i t h -  

d rawn   and  t he   w a r e   W  has  t he   d e s i g n   236  t r a n s f e r r e d  

t h e r e t o   on  a l l   p o r t i o n s   of  t he   i n s i d e   s u r f a c e   2 3 7 .  

T h u s ,   f u l l   c o v e r a g e   of  h o l l o w   ware   can   b e  a c c o m p l i s h e d  

u s i n g   the   f l e x i b l e   membrane   c o l l e c t o r   t e c h n i q u e .  

F i g u r e s   19A  and  19B  show  in  c r o s s   s e c t i o n   t h e  

d e t a i l   of  the   a r r a n g e m e n t   i l l u s t r a t e d   in   F i g u r e   1 8  

w h e r e i n   t h e   ware   W  may  be  a  g l a s s   or  g l a s s - c e r a m i c  

a r t i c l e .   The  m e m b r a n e   c o l l e c t o r   230  i s   p l a c e d   a b o v e  

the   ware   W.  The  e l a s t o m e r   234  i s   d i s t o r t e d   by  t h e  

s h a p e d   f a c e   240  w h i c h   is   u r g e d   t h e r e   a g a i n s t .   T h e  

m a t e r i a l   f o r m i n g   e l a s t o m e r   234  i s   p r e f e r a b l y   a  s i l i c o n e  



c o m p o u n d   s u c h   as  Dow  C o r n i n g   "L"  t y p e ,   room  t e m p e r -  

a t u r e   v u l c a n i z i n g   S i l a s t i c   ( D C - L - R V ) .   The  d e s i g n  

236  on  t h e   u n d e r s i d e   or  w o r k i n g   s u r f a c e   235  of  e l a s -  

t o m e r   234  t r a n s f e r s   o n t o   t h e   wa re   W  by  i n t i m a t e  

c o n t a c t .   The  p r o f i l e   of  t h e   s h a p e d   f a c e   240  a l l o w s  

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

e l a s t o m e r   234  in   c o n t a c t   w i t h   t h e   c e n t r e   237  of  t h e  

w a r e   so  t h a t   t h e r e   i s   no  t r a p p e d   a i r   d u r i n g   t h e   p r i -  

n t i n g   o p e r a t i o n .   S h a p e d   f a c e   240  and  e l a s t o m e r   2 3 4  

b o t h   t o g e t h e r . d i s t o r t   to  c o n f o r m   to  and   r e a c h   r im   2 3 3 .  

Thus   t h e   p r i n t   p r o c e e d s   f rom  t he   c e n t r e   237  to  t h e  

r im   233 .   A d j u s t a b l e   s t o p s   239  e s t a b l i s h   s p a c i n g   b e -  

t w e e n   s h a p e d   f a c e   240  and   f r a m e   232 .   S u p p o r t   2 1  

and   s p r i n g s   260  r e s i l i e n t l y   c a r r y   c o l l e c t o r   230 ,   w h e -  

r e b y   t h e   c o l l e c t o r   f l o a t s   r e l a t i v e   to  t h e   wa re   W. 

In  F i g u r e   20  d e t a i l s   of  a  b a c k i n g   d e v i c e   340  f o r  

m e m b r a n e   c o l l e c t o r   230  a r e   i l l u s t r a t e d .   The  t u r r e t  

60  c a r r i e s   the   b a c k i n g   d e v i c e   340 .   A  t r a n s f e r   c o n e  

332  ( i n   p h a n t o m )   c a r r i e s   a  p o r t i o n   2 3 6 '   of  t h e   d e s i g n  

236  f o r   p r i n t i n g   to  t h e   d e s i g n   c a r r y i n g   s i d e   234D  o f  

m e m b r a n e   234 .   The  b a c k i n g   d e v i c e   340  i n c l u d e s   a  

r e c i p r o c a l l y   m o v a b l e   p l u n g e r   342  c a r r i e d   by  an  a p e r -  
t u r e d   c e n t e r i n g   p i n   344 ,   s l e e v e d   w i t h i n   o p e n i n g   3 4 6  

of  a  b a c k   w a l l   350  of  t h e   b a c k i n g   d e v i c e   340 .   The  p i n  

344  i s   s l e e v e d   t h r o u g h   an  o p e n i n g   348  in   t u r r e t   6 0 .  

D e p e n d i n g   s i d e w a l l s   352  a p p r o p r i a t e l y   s e c u r e d   t o  

b a c k   w a l l   350,   fo rm  a  c y l i n d e r   or  c a v i t y   372  in   w h i c h  

p l u n g e r   342  i s   f r e e   to  r e c i p r o c a t e   b e t w e e n   t he   e x t e n d e d  

d o w n w a r d   p o s i t i o n   shown  in  s o l i d   l i n e s   and  t h e   u p w a r d  

r e t r a c t e d   p o s i t i o n   shown  in   f r a g m e n t e d   p h a n t o m .   S i d -  

e w a l l s   352  i n c l u d e   i n w a r d l y   e x t e n d i n g   e a r s   362  a n d  

a r e   a d a p t e d   to  e n g a g e   and   o v e r l a p   o u t w a r d l y   e x t e n d i n g  

l o w e r   e a r s   364  of  s l o t   36S  f o r m e d   in   a  p e r i p h e r a l   m a r -  

g i n   of  p l u n g e r   342,   t h e r e b y   to  l i m i t   or  fo rm  a  s t o p  

f o r   p l u n g e r   3 4 2 . .   The  c i r c u m f e r e n t i a l   s l o t   368  i n  



p l u n g e r   342  r e c e i v e s   "0"  r i n g   366  to  f o rm  an  a i r  

s e a l   b e t w e e n   p l u n g e r   342  and  s i d e w a l l   352  f o r   c y l -  

i n d e r   372 .   B a c k i n g   d e v i c e   340  i s   s e c u r e d   to  t u r r e t  

60  by  means   of  t i e   b o l t s   354  t h r e a d e d   a t   one  end  i n  

o p e n i n g   355  of  b a c k   w a l l   350  p a s s i n g   t h r o u g h   o p e n i n g  

357  in   t u r r e t   60  w i t h   n u t   ( s )   359  h o l d i n g   t h e   t i e  

b o l t   ( s )   354  f rom  a b o v e .   C e n t e r i n g   p i n s   356  a n d  

358  r e s p e c t i v e l y   l o c a t e d   in  a  s l o t   356 '   and   s l e e v e d  

o p e n i n g   358 '   in   t u r r e t   60  a c c u r a t e l y   e s t a b l i s h   t h e  

p o s i t i o n   of  b a c k i n g   member   340.   In  t he   p o s i t i o n  

shown,   p l u n g e r   342  i s   d o w n w a r d l y   e x t e n d e d   and  e n g a g e d  

w i t h   m e m b r a n e   c o l l e c t o r   230  by  a c t i o n   of  p o s i t i v e  

p r e s s u r e   o v e r   l i n e   3 7 0 .  

The  p l u n g e r   342  has   a  r e c e s s   378  and   c o u n t e r -  

b o r e   382  t h e r e i n ,   t h e   f o r m e r   f o r   r e c e i v i n g   a  p o r o u s  

c e r a m i c   p l a t e   380  s u c h   as  a  c e r a m i c   m a t e r i a l   s o l d  

u n d e r   t he   t r a d e n a m e   TEGRAGLAS  s o l d   by  3M  C o . ,   g r a d e  

55  (55  m i c r o n   p o r e   s i z e )   or  a  p l a s t i c   t r a d e n a m e d  

POREX  s o l d   by  G l a s r o c k   P r o d .   I n c , .   P o r o u s   m e t a l s  

may  be  u s e d   i f  t h e   p o r e   s i z e   is   r e l a t i v e l y   s m a l l .   T h e  

m a t e r i a l s   n o t e d   a b o v e   have   or  s h o u l d   h a v e   i n t e r c o n n -  

e c t e d   p o r e s   so  t h a t   i f   some  p o r e s   b e c o m e   b l o c k e d  

n e g a t i v e   p r e s s u r e   may  be  m a i n t a i n e d .  

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

as  f e l t ,   c l o t h   or  foam  r u b b e r   may  a l s o   be  u s e d   i n  

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

p l a t e   380 .   Such  a l t e r n a t i v e   m a t e r i a l s   may  a l s o   b e  

u s e d   as  a  s k i n   S  ( s e e   F i g u r e   20A)  o v e r   t h e   p o r o u s  

p l a t e   380 ,   w h i c h   w o u l d   a l l o w   f o r   a  l a r g e r   p o r e   s i z e .  

Such  a  s k i n   S  w o u l d   add  r e s i l i e n c e   to  t he   s u p p o r t   o f  

m e m b r a n e   234  and  c o r r e c t   e r r o r s   in   c o n t a c t   p r e s s u r e  

b e t w e e n   t r a n s f e r   cone   332  and  s a i d   m e m b r a n e   234 .   T h i s  

is   e s p e c i a l l y   u s e f u l   i f   the   membrane   234  i s   a  r e l a t -  

i v e l y   t h i n   s h e e t   of  f l e x i b l e   m a t e r i a l .   In  a  p r e f e -  

r r e d   e m b o d i m e n t   t he   membrane   234  has   a  t h i c k n e s s  



t  of  a b o u t   0 . 0 6 0   mm.  O t h e r   t h i c k n e s s e s   a r e   u s e f u l  

f o r   o t h e r   a p p l i c a t i o n s .  

C o u n t e r b o r e   382  a l l o w s   c o m m u n i c a t i o n   of  o n e  

end   384  of  a p e r t u r e d   p i n   344  to  c o m m u n i c a t e   w i t h   t h e  

e n t i r e   b a c k   s u r f a c e   386  of  p l a t e   380.   A p e r t u r e d   p i n  

344  i s   c o u p l e d   to  a  s o u r c e   of  r e d u c e d   a i r   p r e s s u r e  
( n o t   shown)   o v e r   a i r   l i n e   389  t h e r e i n .   Thus  a  

v a c u u m   may  be  d r a w n   a g a i n s t   f r o n t   f a c e   390  of  p l a t e  

3 8 0 .  

C o l l e c t o r   230  i s   s e c u r e d   l a t e r a l l y   in   s l o t s  

393  of  s l i d e   b l o c k s   3 9 2 ( r e f e r e n c e   n u m e r a l   11  in   F i g -  

u r e   1)  c a r r i e d   by  b a c k   w a l l   352 .   In  a  p r e f e r r e d  

e m b o d i m e n t   t he   TEGRAGLAS  m a t e r i a l   (55  m i c r o n   p o r e  
s i z e )   w o r k s   w e l l   w i t h o u t   l e a v i n g   s u r f a c e   i r r e g u l -  

a r i t i e s   on  t h e   d e s i g n   s i d e   of  t h e   m e m b r a n e   s u r f a c e .  

L a t e r a l   s i d e   m a r g i n s   394  of  p l u n g e r   342  e n g a g e  

o p e n i n g   316  in   t h e   m e m b r a n e   f r a m e   member   232  to  l o c k  

t h e   c o l l e c t o r   230  in   p o s i t i o n   b e t w e e n   b l o c k s   392  a n d  

p l u n g e r   342.   A l i g n m e n t   s u r f a c e s  4 0 0   of  t h e   l a t t e r  

p r e v e n t   j a m m i n g   as  p l u n g e r   342  e x t e n d s   i n t o   o p e n i n g  

316  by  a p p l i c a t i o n   of  a i r   o v e r   l i n e   370  w i t h   t h e  

c o l l e c t o r   230  l o c a t e d   as  i l l u s t r a t e d .   The  m e m b r a n e  

234  may  be  d r a w n   a g a i n s t   p l u n g e r   342  by  r e d u c e d   a i r  

p r e s s u r e   t h r o u g h   p l a t e   3SO.  Thus  t he   m e m b r a n e   i s  

f l a t   and   may  be  p r i n t e d   by  r o l l . 3 3 2   w i t h o u t   d i s t o r -  

t i o n .  

Once  t h e   m e m b r a n e   234  r e c e i v e s   t he   d e s i g n   p o r -  
t i o n   236  on  s u r f a c e   234D,  v a c u u m   d r a w n   o v e r   l i n e   3 8 9  

may  be  r e l e a s e d   to  f r e e   m e m b r a n e   234 .   T h e r e a f t e r   t h e  

p i s t o n   342  may  be  w i t h d r a w n   to  an  u p w a r d   p o s i t i o n   v i a  

r e d u c e d   a i r   p r e s s u r e   o v e r   l i n e   370  ( s e e   f r a g m e n t e d  

p h a n t o m ) .   In  t h i s   p o s i t i o n   p l u n g e r   342  i s   w i t h -  

d r a w n   f rom  o p e n i n g   316  in   f r a m e   232  so  t h a t   a l i g n -  

men t   s u r f a c e s   400  of  p l u n g e r   342  c l e a r   u p p e r   e d g e  

402  of  f r a m e   232.   The  m e m b r a n e   c o l l e c t o r   230  m a y  



t h e n   be  w i t h d r a w n   f rom  s l i d e   b l o c k s   392  ( o u t   o f  

p a g e ) .   T h e r e a f t e r ,   a n o t h e r   m e m b r a n e   c o l l e c t o r   m a y  

be  i n s e r t e d   t h e r e i n .   P r e s s u r e   may  be  a p p l i e d   o v e r  

l i n e   370  to  d r i v e   p l u n g e r   342  down,   l o c a t i n g   t h e  

f r a m e   232 ,   w h i l e   vacuum  is   d r a w n   in   l i n e   389  t o  

f l u s h   t h e   membrane   234 .   C o u n t e r   r e c e s s   396  i n  

p l u n g e r   342  p r o v i d e s   a  c l e a r a n c e   w i t h   i n s i d e   f a c e  

397  of  b a c k   w a l l   350  and  e n s u r e s   t h a t   a p p l i e d   a i r  

o v e r   l i n e   370  is   e v e n l y   d i s t r i b u t e d   o v e r   t he   b a c k  

s i d e   of  p l u n g e r   3 4 2 .  

R e f e r e n c e   i s   now  d i r e c t e d   b a c k   to  F i g u r e s   19A 

and  19B  and  a l s o   to  F i g u r e   21 .   As  e x p l a i n e d   p r e v i -  

o u s l y   t h e   d e s i g n   236  on  t h e   d e s i g n   s i d e   234D  o f  

e l a s t o m e r   234  t r a n s f e r s   o n t o   t h e   w a r e   W  by  i n t i m a t e  -  

c o n t a c t .   The  p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e  

to  p r i n t   odd  s h a p e d   ware   c o n t e m p l a t e d   h e r e i n ,   p r o v -  
i d e d   t h e   f a c e   240  of  t he   p r i n t i n g   p l u n g e r   238  i s  

a p p r o p r i a t e l y   s h a p e d .   When  t h e   f a c e   240  e n g a g e s  
e l a s t o m e r   234,   the   l a t t e r   i s   s t r e t c h e d   or  d e f o r m e d  

to  c o n f o r m   t h e r e w i t h .   T o g e t h e r   t h e   s t r e t c h e d   e l a s t -  

omer  234  and  f a c e   240  e n g a g e   t h e   wa re   W,  c e n t r e  

f i r s t ,   so  t h a t   t h e r e   is   no  t r a p p e d   a i r   d u r i n g   t h e  

p r i n t i n g   o p e r a t i o n .   S h a p e d   f a c e   240  a l s o   d i s t o r t s  

to  c o n f o r m   to  a n d  r e a c h   r im   2 3 3 .   T h u s ,   t he   p r i n t  

p r o c e e d s   in  a  r o l l i n g - l i k e   m o t i o n   f r o m   t h e   c e n t r e   2 3 7  

to  t h e   r im   233  of  t h e   ware   W.  R o l l i n g - l i k e   c o n t a c t  

may  be  c h a r a c t e r i z e d   as  i n s t a n t a n e o u s   r o l l i n g   m o t i o n  

a t   e a c h   i n s t a n t a n e o u s   p o i n t   of  c o n t a c t   of  t he   m e m b -  

r a n e   234  and  ware   W.  P r e f e r a b l y ,   t he   f a c e   240  has   a  

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

234  and  t h e r e a f t e r   t he   ware   W,  e s t a b l i s h e s   a  c o n t a c t  

a n g l e   of  a b o u t   15°  w i t h   t he   w a r e   W.  The  s h a p e   o f  

f a c e   240  is   d e t e r m i n e d   as  h e r e i n a f t e r   d e s c r i b e d .  

F i g u r e   21  i l l u s t r a t e s   a  s p e c i a l   c a s e .   A  v a c u u m  

l i n e   430  c o u p l e d   to  a  s o u r c e   of  r e d u c e d   a i r   p r e s s u r e  

( n o t   shown)   is   l o c a t e d   in  t h e   p l u n g e r   422  and  e x t e n d s  



t h r o u g h   f a c e   424  to  an  o p e n i n g   ( s )   433  in   c o n v o l -  

u t i o n s   434  t h e r e o f .   I f   t h e   s h a p e   of  f a c e   424  r e -  

q u i r e s   i n t e r n a l   c o n v o l u t i o n s   434  by  v i r t u e   of  t h e  

s h a p e   to  be  p r i n t e d   ( e . g . ,   s ee   p r o f i l e   of  a  t y p i c a l  

s a u c e r   436 )   means   i s   r e q u i r e d   to  c a u s e   m e m b r a n e   2 3 4  

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

e x a m p l e   i l l u s t r a t e d   in   F i g u r e   21,   t h e   m e m b r a n e  

236  may  be  d r a w n   i n t o   t h e   c o n v o l u t i o n s   434  by  m e a n s  

of  r e d u c e d   a i r   p r e s s u r e .   T h u s ,   t h e   d e s i g n   may  b e  

a c c u r a t e l y   t r a n s f e r r e d   to  t h e   w a r e   W. 

To  d e r i v e   t h e   p r o p e r   s h a p e   f o r   t h e   h e a d   4 2 4  

a  n u m b e r   of  u s e f u l   m e t h o d s   a r e   a v a i l a b l e .   One,  f o r :  

e x a m p l e   i l l u s t r a t e d   in   F i g u r e   22A,  r e l i e s   on  a n  

e m p i r i c a l ,   t r i a l   and  e r r o r   g r a p h i c a l   a p p r o a c h   w h i c h  .  

b e g i n s   w i t h   an  a n a l y s i s   of  t h e   s h a p e   of  t h e   wa re   W. 

C h o o s i n g   a  n u m b e r   of  r a d i a l   s p a c e d   p o i n t s   1 - n   a l o n g  

t h e   s u r f a c e   of  t h e   w a r e   to  be  p r i n t e d   e x t e n d i n g   f r o m  

t h e   c e n t r e   237  to  r im   233 ,   d e t e r m i n e   t a n g e n t s   T 1 - T n  

a t   e a c h   r e s p e c t i v e   p o i n t   1 - n   ( i . e .   t a n g e n t s   a r e   p e r -  

p e n d i c u l a r   to  c o r r e s p o n d i n g   n o r m a l s   N l - N n ) .   R o t a t e  

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

p o s i t i o n s   T 1 ' - T n ' ,   t h e r e a f t e r   r e c o n c t r u c t   a  s u r f a c e  

S'  f o r m e d   of  a  s e r i e s   of  s a i d   r o t a t e d   t a n g e n t s   T 1 ' -  

T n ' .   A  r e a s o n a b l y   good   f i r s t   a p p r o x i m a t i o n   of  a  

r e q u i r e d   h e a d   s h a p e   ( l e s s   m e m b r a n e   w h i c k n e s s )   c a n  

be  d e r i v e d   f rom  a  s i m p l e   s u r f a c e .   U n f o r t u n a t e l y ,   t h e  

m e t h o d   may  r e q u i r e   a  n u m b e r   of  i t e r a t i o n s   and   m a n u a l  

r e s h a p i n g   of  t h e   h e a d   d e r i v e d   t h e r e b y   to  be  s a t i s f a c -  

t o r y .   The  r e q u i r e m e n t   f o r   m u l t i p l e   i t e r a t i o n s   e v e n  

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

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

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

y s i s .   See  f o r   e x a m p l e   F i n i t e   E l e m e n t   A n a l y s e s :  

F u n d a m e n t a l s ,   R i c h a r d   H.  G a l l a g h e r ,   P r e n t i c e   H a l l   I n c . ,  
1975  and   The  F i n i t e   E l e m e n t   M e t h o d ,   3 rd   E d . ,   O . C .  



Z i e n k i e w i c z ,   McGraw  H i l l   Book  Company  ( U . K . )   L i m i t e d ,  

1 9 7 7 .   The  p r i n c i p l e s   o u t l i n e d   in   t he   a b o v e   w o r k s  

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

a n a l y s i s   as  a  t e c h n i q u e   in   t he   s o l u t i o n   of  m a n y  

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

f i n i t e   e l e m e n t   a n a l y s i s   i s   m a t r i x   o r i e n t a t e d   a n d  

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

use   w i t h   a  d i g i t a l   c o m p u t e r   c o m p a t i b l e   w i t h   c o m m e r -  

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

e x a m p l e   a  p r o g r a m   known  as  ANSYS  i s   s p e c i f i c a l l y  

u s e f u l  w i t h   t he   t e c h n i q u e .   By  d i v i d i n g   the   g i v e n  

head   424  i n t o   a  g r o u p   of  c o n n e c t e d   f i g u r e s   or  e l e -  

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

ment   g e o m e t r y ,   s o l u t i o n s   may  be  d e r i v e d   by  use   o f  

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

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

l y s i s   as  u s e d   h e r e i n   and  i l l u s t r a t e d   in   F i g u r e s   2 2 B  

and  22C,  a  two  d i m e n s i o n a l   mode l   of  t he   o b j e c t  

( p i s t o n   238  and  f a c e   240)   i s   b r o k e n   down  i n t o   a  s e l -  

e c t e d   n u m b e r   of  c o n n e c t e d   r e c t a n g u l a r   e l e m e n t s   E 

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

v e r t i c a l   g r i d   l i n e s   GX+GY  in  an  XY  c o o r d i n a t e   s y s t e m .  

I n t e r s e c t i o n s   of  t he   g r i d   l i n e s   Gx-Gy  a r e   c a l l e d   n  

n o d e s   ( s e e   d o t s ) .   In  t he   X-Y  c o o r d i n a t e   s y s t e m   e a c h  

n o d e  n   has   i n i t i a l   c o o r d i n a t e s   e . g .   Xm,  Ym.  As  t h e  

o b j e c t   i s   s t r e s s e d   or  d e f o r m e d   by  a  g i v e n   a m o u n t ,  

b o u n d a r y   c o n d i t i o n s   may  c h a n g e   and  e a c h   node   may  m o v e .  

The  c o m p u t e r   s o l v e s   t he   g e n e r a l   e q u a t i o n s   of  s t r e s s ,  

e t c .   d u r i n g   a  run   to  d e t e r m i n e   new  c o o r d i n a t e s   Xm' 

Ym'  ( s e e   F i g u r e   22C)  r e s u l t i n g   f rom  t he   g i v e n   s t r e s s ,  

and  the   l a t t e r   fo rm  a  bank   of  d a t a   e s t a b l i s h i n g   i n i -  

t i a l   c o n d i t i o n s   f o r   the   n e x t   c o m p u t e r   r u n .   By 

s u c c e s s i v e   r u n s   a  s h a p e   f o r   p l u n g e r   is   d e r i v e d .   I f  

i t   is   no t   w o r k a b l e ,   t he   e q u a t i o n s   of  s t r e s s   may  b e  



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

a  new  s h a p e .   A l s o   t h e   h e a d   424  may  be  m a n u a l l y  

r e f o r m e d .   The  m e t h o d   of  f i n i t e   e l e m e n t   a n a l y s i s  

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

In   a t t e m p t i n g   to  d e t e r m i n e   v a r i o u s   h e a d s   f o r  

u se   w i t h   v a r i o u s   c o r r e s p o n d i n g   wa re   s h a p e   i t   w a s  

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

an  u n c o n v e n t i o n a l   way.   The  c o n v e n t i o n a l   s o l u t i o n  

in   f i n i t e   e l e m e n t   a n a l y s i s   i s   t o  t a k e   an  a r b i t r a r y  

s h a p e  a n d   d e t e r m i n e  t h e   r e s u l t i n g   s h a p e   as  i t   i s  

d e f o r m e d . -   In   t h e   p r e s e n t   s i t u a t i o n ,   t h e   s h a p e   i n t o  

w h i c h   t h e   f a c e   240  m u s t   be  d e f o r m e d   ( i . e .   ware   s h a p e )  

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

t h e   f a c e   240  i s   known .   T h u s ,   t h e   a n a l y s i s   b e g i n s  

w i t h   a  d e f o r m e d   h e a d   s h a p e   as  s e e n   in  F i g u r e   22B  

and  i s   i t e r a t e d   b a c k   to  an  i n i t i a l   or  d e s i r e d  

s t a r t i n g   h e a d   s h a p e   by  s u c c e s s i v e   r e l e a s e   of  t h e  

f a c e   240  away  f rom  ware   W  ( s e e   F i g u r e   2 2 C ) .   By  

a p p l y i n g   n e g a t i v e   s t r e s s ,   ( i . e .   m o v i n g   t h e   s t r e s s -  

ed  or  d e f o r m e d  f a c e   240  away  f rom  w a r e   W)  a n d  

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

e v o l v e s   more   q u i c k l y .  

A n o t h e r   f e a t u r e   of  t h e   m e t h o d   i s  t o   c o n s t r a i n  

t h e   s t r e s s   r e l e a s e   of  f a c e   240  by  l i m i t i n g   t h e   m o t i o n  

of  e a c h   r u n   to  some  s m a l l   a m o u n t   ( e . g .   0 .25mm  p e r  
i t e r a t i o n ) .   F u r t h e r   i t   is   a  c o n s t r a i n t   t h a t   c e r t a i n  

n o d e s  n   a l o n g   t he   p o r t i o n   of  t h e   f a c e   240  in   c o n t a c t  

w i t h   w a r e   W  and   c e r t a i n   o n e s   in   c o n t a c t   w i t h   a  p i s t o n  

238  a r e   n o t   f r e e   to  move.   For   an  e x a m p l e   in   t h e  

l a t t e r   c a s e ,   s ee   F i g u r e   22B  w h e r e i n   n o d e s   in  l i n e  

Y-7  a r e   c o l i n e a r   w i t h   t h e   s i d e   of  p i s t o n   238  and   a r e  

n o t   f r e e   to  move  e x c e p t   in   t h e   Y.  d i r e c t i o n .   T h u s  

e a c h   s u c c e s s i v e   p o s i t i o n   t h e r e o f   i s   g i v e n   by  t h e  

a m o u n t   of  u p w a r d   m o t i o n   of  t h e   p i s t o n   238  g i v e n   f o r  

e a c h   i t e r a t i o n .   In  F i g u r e   22C  t h e   n o d e s   a l o n g   l i n e  



Y-7  a l w a y s   h a v e   known  p o s i t i o n s   d e t e r m i n e d   by  t h e  

c h a n g e   in   t h e   p o s i t i o n   of  t he   p i s t o n   238 ,   t h a t   i s  

Y  + Δ Y .   For   t h e   f o r m e r   c a s e ,   w h i l e   a l l   n o d e s   n  

a l o n g   the   i n t e r f a c e   of  t h e   wa re   s u r f a c e   SW  and  h e a d  

s u r f a c e   Sh  may  t h e o r e t i c a l l y   move ,   i . e .   p o i n t s   X n ,  

X n - l ,   X n - 2 .   e t c . ,   c e r t a i n   p o i n t s   a r e   f i x e d   f o r   t h e  

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

a l o n g   s u r f a c e   Sh  of  h e a d   in   c o n t a c t   w i t h   ware   a r e  

n o t   f r e e   to  move  e x c e p t   t h o s e   n o d e s   w i t h i n   t h r e e  

n o d e s   of  e x t r e m e   r a d i a l   c o n t a c t   w i t h   w a r e .   T h u s ,  
in  F i g u r e   22B  t h i s   i n c l u d e s   Xn  to  X n - 3 .   In  t h e  

n e x t   i t e r a t i o n ,   i f   Xn'  i s   s t i l l   in  c o n t a c t   w i t h  

wa re   i . e .   X n = X n ' ,   t he   same  c o n s t r a i n t   a p p l i e s .   I f ,  

h o w e v e r ,   Xn  ≠   Xn'  t he   X n - 1 '   b e c o m e s   t he   f i r s t   n o d e  

out   of  c o n t a c t   w i t h   wa re   t h e r e b y   f r e e i n g   X n - 4 ;   a n d  

so  on  as  t he   f a c e   240  is   s u c c e s s i v e l y   w i t h d r a w n .  

F i n a l l y ,   and  v e r y   i m p o r t a n t l y ,   t h e   a n g l e   o f  

c o n t a c t   6c  of  t he   f a c e   240  and  w a r e   W  a t   a  p o i n t  

w h e r e   t he   f a c e   240  s e p a r a t e s   t h e r e f r o m   ( e . g .   X n ' )  

i s   c o n s t r a i n e d   to  a  r a n g e   of  a b o u t   5°  to  50° .   T h e  

l a r g e r   t he   a n g l e   of  c o n t a c t   a n g l e   6c  t h e   l e s s e r  

c o v e r a g e   may  be  a c c o m p l i s h e d .   I t   has   b e e n   f o u n d   t h a t  

a  c o n t a c t   a n g l e   6c  of  a b o u t   15°  i s   o p t i m a l   s i n c e  

f u l l   c o v e r a g e   may  be  a t t a i n e d   and  wa re   w a r p a g e  

v a r i a t i o n s   a r e   a c c o m o d a t e d .  

I n i t i a l l y   a l l   node   p o i n t s   a r e   g i v e n   c o o r d i n a t e s  

Xm,  Ym  r e l a t i v e   to  t he   r e s p e c t i v e   g r i d   l i n e s   Gx,  Gy 

f o r m i n g   t he   e l e m e n t .   A f t e r   i t e r a t i o n ,   t h e r e   r e s u l t s  

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

n o d e s   Xm',   Ym'.   The  r e s u l t i n g   s h a p e   of  the   f a c e   2 4 0  

may  be  a n a l y z e d   a t   t he   c o n t a c t   p o i n t   and  the   c o n t a c t  

a n g l e   6c  c a l c u l a t e d .   I f   t he   r e s u l t i n g   c o n t a c t  

a n g l e   @c  a t   Xn'  i s   d i f f e r e n t   (±)  f rom  the   r e q u i r e d   o r  

o p t i m i z e d   a n g l e ,   i . e .   15°  t he   r e s u l t i n g   c o n t a c t   a n g l e  

@c  may  be  c o m p a r e d   w i t h   15°  in  t he   form  of  a  r a t i o :  



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

e a c h   c o o r d i n a t e   X ' ,   Y'  in   t h e   n e t w o r k   of  n e w l y  

c a l c u l a t e d   n o d e s   in   F i g u r e   22C,  to  move  i t s   c o r r e -  

s p o n d i n g   p o s i t i o n   l i n e a r l y   (+)  or  ( - )   by  t he   a m o u n t  

r e p r e s e n t e d   by  g.  T h u s ,   t h e   d a t a   b a s e   a f t e r   t h e   s o -  

c a l l e d   f i r s t   r u n   i s   u p d a t e d   or  m o d i f i e d   by  g  t o  

y i e l d   a  s e t   of  f u r t h e r   m o d i f i e d   c o o r d i n a t e s   X",  Y" 

w h e r e   g.  (Xm' ,   Y m ' )  =   ( X " , Y m " ) .   T h e r e a f t e r   t h e  

c o m p u t e r   p r o g r a m   may  be  r e - r u n   w i t h   t h e   m o d i f i e d  

c o r r e c t e d   f i r s t   r un   d a t a   b a s e ,   i . e . ,   X",  Y".  T h i s  

m o d i f i c a t i o n   of  d a t a   i s   done  f o r   e a c h   r u n   o f  Δ Y .  

The  r e s u l t i n g   s h a p e   of  f a c e   240  i s   d e f i n e d   b y  

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

i s   f u l l y   w i t h d r a w n   f rom  t h e   ware   W.  D o u b t l e s s   c e r t a i n  

c h a n g e s   may  be  r e q u i r e d   in   t he   f i n a l   s h a p e   of  f a c e  

2 4 0 , b u t   t h e   a b o v e   d e s c r i b e d   p r o c e s s   s u b s t a n t i a l l y  

r e d u c e s   t r i a l   and  e r r o r .   I t   s h o u l d   be  a p p r e c i a t e d  

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

a v a i l a b l e   b u t   a r e   b e l i e v e d   to  be  t h e   m o s t   a p p r o p -  
r i a t e   and   p r e f e r r e d   m e t h o d s   f o r   d e r i v i n g   a  h e a d   s h a p e .  

A l s o ,   m e m b r a n e   t h i c k n e s s   T  i s   s u b t r a c t e d   f rom  t h e  

h e a d   s h a p e .  

I t   can   be  a p p r e c i a t e d   t h a t   in   a d d i t i o n   to  f u l l  

c o v e r a g e   of  wa re   W,  t h e   m e m b r a n e   234  may  be  s t r e t c h e d  

by  f a c e   240  s u c h   t h a t   t h e   d e c o r a t i c n   i s   e n l a r g e d  

f r o m   i t s   i n i t i a l   s i z e   on  t h e   u n s t r e t c h e d   m e m b r a n e   2 3 4 .  

T h u s ,   t h e r e   i s   p r o v i d e d   a  v e r s a t i l e   d e v i c e   w h i c h   m a y  
be  u s e f u l   in   p r i n t i n g   v a r i o u s   s i z e d   a r t i c l e s   of  w a r e  

w i t h o u t   s i g n i f i c a n t   c h a n g e s   in   a p p a r a t u s   s e t   u p .  
S i n c e   i t   i s   a  f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n  

to  p r i n t   to  a  f l a t   s u r f a c e   ( e . g .   c o l l e c t o r ,   f l a t w a r e ,  

m e m b r a n e   c o l l e c t o r ,   e t c . )   o t h e r   e m b o d i m e n t s   a r e   s e t  

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

i n   t h e   a b o v e   c o n c e p t .  

In  F i g u r e   23A  t he   ware   W  is   c a r r i e d   by  t u r r e t  



60  and  p r i n t e d   as  i t   p r o g r e s s e s   t h r o u g h   t h e   v a r i o u s  

p r i n t   s t a t i o n s   ( i . e .   t h e   ware   E  a c t s   as  a  c o l l e c t o r ) .  

Ware  W  is   h e l d   in   t u r r e t   60  by  vacuum  as  s e t   f o r t h  

and  d e s c r i b e d   e a r l i e r   h e r e i n   w i t h   r e s p e c t   to  F i g u r e s  

1 7 A - 1 7 B .  

In  F i g u r e  2 3 B   a  s e c o n d   t u r r e t 1 6 0   c a r r i e s   w a r e  
W  f rom  an  i n l e t   end  161  by  means   of  a  s i m i l a r   v a c u u m  

a r r a n g e m e n t .   The  t u r r e t   60  c a r r i e s   c o l l e c t o r   C 

w h i c h   may  be  f l a t ,   c i r c u l a r   e l a s t o m e r   p a d s .   A f t e r  

e a c h   c o l l e c t o r   C  r e c e i v e s   a  f u l l   d e s i g n   162 ,   i t  

e n g a g e s   a  t a k e o f f   cone   164  w h i c h   p i c k s   up  d e s i g n  

162  and  t r a n s f e r s   i t   to  ware   W  at   t h e   p r i n t   s t a t i o n  

D10.  The  t a k e o f f   cone   164  may  be  s i m i l a r   to  t h e  

one  shown  in  F i g u r e   17A  e x c e p t   t h a t   i t   r e m o v e s   t h e  

d e s i g n   162  f rom  t he   c o l l e c t o r   C  and  t r a n s f e r s   i t  

to  t he   ware   W.  In  F i g u r e   17A  the   t r a n s f e r   c o n e  

74  r e c e i v e s   a  p o r t i o n   of  t he   d e s i g n   f rom  an  e t c h  

cone   to  p r i n t   a  p o r t i o n   of  t he   d e s i g n   o n t o   t he   w a r e  

W  a c t i n g   as  a  c o l l e c t o r .   In  t he   e m b o d i m e n t   s h o w n  

in  F i g u r e   23B  t he   t a k e o f f   cone  164  r e c e i v e s   t he   e n t i r e  

d e s i g n   from  c o l l e c t o r   C  f o r   c o m p l e t e   t r a n s f e r   t o  

w a r e .   T u r r e t   160  a c t s   as  an  a u t o m a t i c   wa re   i n / w a r e  

our   c a r r i e r .   The  p r i n t e d   ware   W  is   e j e c t e d   f rom  t u r -  

r e t   160  a t   o u t l e t  1 6 5 .  

In  F i g u r e   23E  a  s i d e   v i e w   of  t h e   a r r a n g e m e n t  

of  F i g u r e   20  B  i s   shown .   N o t i c e   t h a t   t u r r e t   60  a n d  

s e c o n d   t u r r e t   160  a r e   o f f s e t   by  the   a n g l e   of  t a k e o f f  

cone   164.   A l s o ,   d u r i n g   the   i n t e r v a l   when  the   t a k e -  

o f f   cone  164  e n g a g e s   ware   W  the   l a t t e r   mus t   f o l l o w  

a r c   Ac  or  p a t h   t h a t   c o i n c i d e s   w i t h   the   m o t i o n   o f  

t a k e o f f   cone  164  in  t he   p l a n e   of  s e c o n d   t u r r e t   1 6 0 .  

The  ware   W  may  be  m o u n t e d   or  s e c u r e d   in  s e c o n d  

t u r r e t   164  by  means   of  a  s l i d e a b l e   c h u c k   167  w h i c h  

a l l o w s   the   ware   to  move  in  the   d i r e c t i o n   of  d o u b l e  

h e a d e d   a r r o w   AW  in  o r d e r   to  f o l l o w   a r c   Ac  in  t he   p l a n e  



of  t u r r e t   160  as  t h e   t a k e o f f   cone   d e p o s i t s   i t s   d e s i g n  

o n t o   t h e   w a r e .  

In  F i g u r e   23C  a  v a r i a t i o n   of  t h e   wa re   i n / w a r e  

ou t   a r r a n g e m e n t   of  F i g u r e   23B  i s   i l l u s t r a t e d .   I n  

t h i s   e m b o d i m e n t   t u r r e t   60  c a r r i e s   a  p l u r a l i t y   o f  

p i v o t a l l y   m o u n t e d   m e m b r a n e   f i x t u r e s   170 .   E a c h   c a r r -  

i e s   a  p a i r   of  r e s p e c t i v e   i n b o a r d   and  o u t b o a r d  

m e m b r a n e   c o l l e c t o r s   1 7 2 - 1 - 1 7 2 - 0 .   Ware  W  may  b e  

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

a  c o n v e y o r   ( n o t   s h o w n )   s t a r t i n g   a t   i n l e t   end   174  o f  

t u r r e t   60.  The  o u t b o a r d   m e m b r a n e   c o l l e c t o r   1 7 2 - 0 ,  

c a r r i e s   d e s i g n   173  and  means   ( n o t   shown)   b u t   s i m i l a r  

to   t h e   a r r a n g e m e n t   of  F i g u r e s   19A-19B  c a u s e s   t h e  

o u t b o a r d   c o l l e c t o r   1 7 2 - 0   to  be  i n t i m a t e l y   c o n t a c t e d  

w i t h   w a r e   f o r   t r a n s f e r r i n g   t h e   d e s i g n   173  as  t h e  

o u t b o a r d   c o l l e c t o r   1 7 2 - 0   and   ware   t r a v e l   t o g e t h e r  

w i t h   t u r r e t   60.   A f t e r   p r i n t i n g ,   t he   ware   W  i s   r e -  

moved   f rom  e n g a g e m e n t   w i t h   o u t b o a r d   c o l l e c t o r   1 7 2 - 0  

a t   o u t l e t   end  175  of  t u r r e t   60.  T h e r e a f t e r   t h e   mem-  

b r a n e   f i x t u r e   170  p i v o t s   a b o u t   s u p p o r t   b e a r i n g ' 1 7 6  

p r i o r   to  e n t e r i n g   i n l e t   end  174.   The  now  b l a n k   o u t -  

b o a r d   c o l l e c t o r   1 7 2 - 0   t h u s   b e c o m e s   t h e   i n b o a r d  

c o l l e c t o r   1 7 2 - 1   w h i c h   may  be  p r i n t e d   and  t h e   i n b o a r d  

c o l l e c t o r   1 7 2 - 1   c a r r y i n g   d e s i g n   173  moves   to  t h e   o u t -  

b o a r d   p o s i t i o n .   The  f o r m e r   r e c e i v e s   t h e   d e s i g n   1 7 3  

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

b o a r d   c o l l e c t o r   1 7 2 - 0   s i m u l t a n e o u s l y   p r i n t s   t h e   w a r e .  
O t h e r   v a r i a t i o n s   a r e   p o s s i b l e   and   w i t h i n   t h e  

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

t h e   l i k e .   For   e x a m p l e ,   in   y e t   a n o t h e r   e m b o d i m e n t  

of  t h e   p r e s e n t   i n v e n t i o n ,   shown  in   F i g u r e   2 3 D ,  

c o l l e c t o r s   C,  c a r r i e d   by  t u r r e t   60,  p r i n t   d e c o r a t i o n  o r  

d e c a l   D  to  a  d e c a l   medium  182  s u p p o r t e d   a g a i n s t  

c o l l e c t o r   C  by  c y l i n d r i c a l   b a c k i n g   r o l l   180 .   R e s p e -  

c t i v e   c y l i n d r i c a l   w ind   and  u n w i n l   r o l l s   1 8 6 - 1 8 8   s e r v e  



known  f u n c t i o n s .   The  b a c k i n g   r o l l   180 ,   and   r e s p e c t i v e  
wind   and  u n w i n d   r o l l s   186  and  188  may  be  m o u n t e d   on  a  

common  s u p p o r t   184  shown  s c h e m a t i c a l l y .   The  common  

s u p p o r t   may  be  a r t i c u l a t e d   in  t he   c i r c u m f e r e n t i a l  

and  r a d i a l   d i r e c t i o n   of  the   t u r r e t   as  s e t   f o r t h  

h e r e i n b e f o r e   r e l a t i v e   to  F i g u r e s   1 1 - 1 5 b ,   to  c o m p e n -  

s a t e   f o r   d i f f e r e n c e s   b e r w e e n   t he   r e s p e c t i v e   g e o m e -  

t r i e s   of  t he   d e c a l   medium  or  web  182 .   t h e   t u r r e t  
60  and  c o l l e c t o r   C.  A l s o ,   f o r c e d   or  s t r e t c h e d   p r i n -  

t i n g   as  s e t   f o r t h   in  c o n n e c t i o n   w i t h   t he   d e s c r i p t i o n  .  

of  F i g u r e s   13  C  and  16  may  be  a c c o m p l i s h e d .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   in  t h e   a b o v e   e m b o d -  

i m e n t   of  F i g u r e   23D,  b a c k i n g   r o l l   180  s h o u l d  h a v e   a  

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

w i t h   t he   medium  182 .   The  s u r f a c e   f  m a y   be  f o r m e d  

of  r e l a t i v e l y   h a r d   r u b b e r .   The  b a c k i n g   r o l l   180  i s  

c r o s s   h a t c h e d   to  show  t h i s   f e a t u r e .   A l t e r n a t i v e l y ,  

t h e   r o l l   180  c o u l d   be  m e t a l   h a v i n g   a  s l e e v e d   r u b b e r  

c o v e r   or  a  s u i t a b l e   a d h e s i v e .  

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

t h e   b a c k i n g   r o l l   180  and  the   medium  182  and   t h e  

c o l l e c t o r   C  so  t h a t   t he   medium  does   n o t   move  e i t h e r  

r a d i a l l y   or  c i r c u m f e r e n t i a l l y   r e l a t i v e   to  t h e   b a c k i n g  

r o l l   c o l l e c t o r .   T h i s   e n s u r e s   t h a t   t h e   med ium  a c t s  

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

r e s p e c t   to  t h e   b a c k i n g   r o l l   180  and  t he   c o l l e c t o r  

C.  T h u s ,   d i s t o r t i o n   of  the   d e s i g n   D  and  m i s - r e g i s -  

t r a t i o n   t h e r e o f   i s   a v o i d e d .  

O t h e r   a r r a n g e m e n t s   of  the   a p p a r a t u s   of  the   p r e -  

s e n t   i n v e n t i o n   a r e   p o s s i b l e .   For   e x a m p l e ,   m u l t i p l e  

t r a n s f e r   s t a t i o n s   may  be  p r o v i d e d   a t   s e l e c t e d   c i r -  

c u m f e r e c i t i a l   l o c a t i o n s   and ,   d e p e n d i n g   on  the   w a r e  

to  be  p r i n t e d ,   one  of  t he   t r a n s f e r   l o c a t i o n s   may  b e  

u t i l i z e d   w h i l e   o t h e r s   a r e   l e f t   i d l e .   T h i s   can  m o r e  



r e a d i l y   be  a p p r e c i a t e d   i f   i t   i s   a s s u m e d   t h a t   m u l t i -  

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

of  t h e   p r i n t   s t a t i o n s   l e a v i n g   t a b l e   s p a c e   f o r   e x t r a  

t r a n s f e r   s t a t i o n s .  

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   i s   u s e -  

f u l   in   l i t h o g r a p h i c ,   p l a n o g r a p h i c ,   t y p o g r a p h i c   o r  

g r a v u r e   p r i n t i n g   p r o c e s s e s .   T h e r m o p l a s t i c  i n k s  

a r e   p r e f e r r e d   b u t   s o l i d   or   a q u e o u s   b a s e d   and   o r g a n -  
i c   i n k s   t h a t   do  n o t   n e e d   to  be  f i r e d   can   a l s o   b e  

u s e d .   P r i n t i n g   can   be  made  d i r e c t l y   to  ware   o r  

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

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

s e q u e n t l y   t r a n s f e r s   i t s   m u l t i c o l o u r   p r i n t   to  w a r e  

in   a  s i n g l e   t r a n s f e r   s t e p .  
E a c h   of  t he   e t c h   c o n e s   72  may  be  f o r m e d   w i t h   a  

p o r t i o n   of  a  d e s i g n .   One  i n k   c o l o u r   f o r   e a c h   p r i n -  

t i n g   a s s e m b l y   54  w o u l d   be  s u p p l i e d   to  t h e   i n k   a p p -  
l i c a t o r   a s s e m b l y   82  d e s c r i b e d   a b o v e   and  r e g i s t e r -  

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

e a c h   p r i n t e d   on  t h e   c o l l e c t o r s   C  in   s e q u e n c e .   A s  

d e s c r i b e d   a b o v e   wa re   W  may  be  i n d e x e d   i n t o   p o s i t -  

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

c o m p o s i t e   d e s i g n .  

I t   i s   a l s o   p o s s i b l e   to  i n t e r p o s e   an  a d d i t -  

i o n a l   o f f s e t   p i c k u p   cone   a t   t h e   t r a n s f e r   s t a t i o n  

D10  f o r   p r i n t i n g   to  a l l   v a r i a t i o n s   of  o b j e c t s .  



1.  A  p r i n t i n g   a p p a r a t u s   c o m p r i s i n g   f i r s t   m e a n s  

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

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

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

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

c e n t r a l   cone   a x i s   and  a  cone  a p e x   l y i n g   on  s a i d  

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

r o t a t i o n   a b o u t   s a i d   c e n t r a l   cone  a x i s   w i t h   s a i d  

apex   f i x e d   in  s p a c e ,   s a i d   s e c o n d   means   c o m p r i s i n g  

a  p i c k u p   s u r f a c e   r a d i a l l y   l o c a t e d   r e l a t i v e   to  a  

c e n t r e   of  r o t a t i o n   and  a  c e n t r a l   a x i s   p a s s i n g   t h e r e -  

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

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

r o t a t i o n   and  t h e   cone   a p e x  b e i n g   c o i n c i d e n t   a n d  

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

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

s a i d   f i r s t   c e n t r a l   cone  a x i s   of  s a i d   f i r s t   c o n i c a l  

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

t w e e n   the   f i r s t   c o n i c a l   s u r f a c e   and  s a i d   p i c k u p  

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

l o c u s   of  p o i n t s   common  to  e a c h   s u r f a c e   i n   a  n o n -  

s l i p   r e l a t i o n s h i p .  

2.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   1,  w h r e i n  

s a i d   f i r s t   means   f u r t h e r   i n c l u d e s   a  s e c o n d   c o n i c a l  

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

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

a x i s   and  a  cone   a p e x   l y i n g   t h e r e o n   and  b e i n g   m o u n t e d  

f o r   r o t a t i o n   a l o n g   i t s   r e s p e c t i v e   c e n t r a l   cone  a x i s  

w i t h   i t s   cone  a p e x   c o i n c i d e n t   w i t h   t he   cone  a p e x  
of  s a i d   f i r s t   c o n i c a l   s u r f a c e   and  the   c e n t r e   o f  

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

cone  a x i s   of  s a i d   s e c o n d   c o n i c a l   s u r f a c e   b e i n g  

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



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

s u r f a c e   and   has   a  l o c u s   of  p o i n t s   common  to  e a c h  

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

3.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   2,  w h e r e i n  

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

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

and   r a t i o s   w h i c h   a r e   i n t e g e r s .  

4.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   2  or  3 ,  

f u r t h e r   i n c l u d i n g   d o c t o r i n g   means   m o u n t e d   f o r   e n g -  

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

l e a s t   two  w o r k i n g   s u r f a c e s   e a c h   h a v i n g   an  i n t e r f a c e  

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

e a c h   i n t e r f a c e   l y i n g   a l o n g   a  l o c u s   of  p o i n t s   u p o n  
t h e   s e c o n d   c o n i c a l   s u r f a c e   and   b e i n g   a p e x   c o i n c i -  

d e n t   t h e r e w i t h .  

5.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   4,  f u r t h e r  

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

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

f o r   c o l l e c t i n g   o v e r   f l o w   f rom  an  o u t b o a r d   end  t h e r e -  

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

b e i n g   o r i e n t a t e d   f o r   a l l o w i n g   g r a v i t y   f l o w   of  t h e  

i n k i n g   f l u i d   f rom  the   i n b o a r d   to  t h e   o u t b o a r d   e n d s  

t h e r e o f .  

6.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   4  or  5 ,  

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

t h e   d o c t o r i n g   means   of  u r g i n g  i t   on  a  s e a t i n g  

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

7.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   6 ,  w h e r e i n  

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

means   and  a  p i s t o n   d r i v i n g   t he   same  a g a i n s t   t h e  

d o c t o r i n g   m e a n s ,   s a i d   b a l l   b e a r i n g   means   p e r m i t t i n g  

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

r e l a t i v e   to  t he   s e c o n d   c o n i c a l   s u r f a c e .  



8.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   7,  w h e r e i n  

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

m a i n t a i n i n g   the   b a l l   b e a r i n g   m e a n s ,   t h e   p i s t o n   a n d  

d o c t o r i n g   means   in   f i x e d   r a y   r e l a t i o n .  

9.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

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

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

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

one  t r a n s f e r   s t a t i o n   s p a c e d   a d j a c e n t   to  one  of  t h e  

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

an  a r t i c l e   to  be  p r i n t e d   f o r   e n g a g e m e n t   w i t h   t h e  

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

10.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   9,  w h e r e i n  

t h e   s u p p o r t   means   i n c l u d e s   means   f o r   s e l e c t i v e l y ,  

i n d e x i n g   t he   s u p p o r t   means   and  a r t i c l e   i n t o   a n d  

ou t   of  c o n t a c t   w i t h   s a i d   s e c o n d   m e a n s .  

11.   An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   10,   w h e r e i n  

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

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

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

t h e r e b e t w e e n .  

12.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   11,   w h e r e i n  

t h e   a r t i c l e   to  be  p r i n t e d   has   a  s u r f a c e   p o r t i o n  

h a v i n g   a  c e n t r a l   a x i s   of  r o t a t i o n   and  a r t i c l e   a p e x  
t h e r e a l o n g ,   t he   s e c o n d   means   has   a  r a d i u s   of  c u r -  

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

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

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

c o n t a c t   b e t w e e n   the   a r t i c l e   and  the   s e c o n d   means   b e -  

ing   a  l i n e   s h a r e d   b e t w e e n   the   a r t i c l e   and  s e c o n d  

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

c u r v a t u r e   of  the   s e c o n d   means   and  a  s u r f a c e   r a y  

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



i n t e r s e c t s   t h e   a r t i c l e   a p e x ,   and   t h e   means   f o r  

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

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

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

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

c u r v a t u r e   of  t h e   s e c o n d   means   i s   c o l i n e a r   w i t h  

t h e   s u r f a c e   r a y   of  t h e   a r t i c l e .  

13.   An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   12,  w h e r e i n  

t h e   a r t i c l e   to  be  p r i n t e d   has   a  c o n i c a l   s u r f a c e   a n d  

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

t h e   cone  a p e x .  

14.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   12  or  1 3 ,  

w h e r e i n   t h e   a r t i c l e   to  be  p r i n t e d   c o m p r i s e s   a  web  

of  m a t e r i a l   and   means   i n c l u d i n g   u n w i n d   and  r e w i n d  

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

t h e   web  t h e r e b e t w e e n ,   and  a  b a c k u p   r o l l   s e c u r e d   t o  

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

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

t i o n   t h e r e b e t w e e n .  

15.   An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   10,  w h e r e i n  

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

t h e   s e c o n d   m e a n s   and  s a i d   s e c o n d   means   i n c l u d e s   a  

d e f o r m a b l e   e l a s t i c   s u r f a c e ,   t he   t r a n s f e r   s t a t i o n  

i n c l u d e s  a   means   of  s e c u r i n g   t he   a r t i c l e   in   a  

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

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

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

r e l a t i o n s h i p .  

1 6 .  A n   a p p a r a t u s   as  c l a i m e d   in  c l a i m   15,  w h e r e i n  

t h e   means   of  s e c u r i n g   t he   a r t i c l e   i n c l u d e s   a  v a c u u m  

c h u c k .  

17.   An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

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

i n t i m a t e l y   c o n t a c t i n g   the   f i r s t   means   in   the   n o n s l i p  



r e l a t i o n s h i p .  

18.   An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  i n c l u -  

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

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

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

i n t i m a t e l y   c o n t a c t i n g   t h e   f i r s t   means   in   t h e   n o n -  

s l i p   r e l a t i o n s h i p .  

19.  An  a p p a r a t u s ,   as  c l a i m e d   in   c l a i m   1,  w h e r e i n  

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

s e c o n d   m e a n s  a n d   e n g a g e s   t he   f i r s t   means   in  a  r a d i -  

a l l y   i n b o a r d   p o s i t i o n   and  e n g a g e s   an  a r t i c l e   to  b e  

p r i n t e d   in   a  r a d i a l l y   o u t b o a r d   p o s i t i o n .  

20.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  f u r t h e r  

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

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

c o n e  a x i s   and  cone  a p e x   l y i n g   t h e r e o n   and   s a i d   c o n -  

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

cone   a x i s   and  o r i e n t a t e d   such   t h a t   i t s   cone   a p e x   i s  

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

ace   and  t he   c e n t r e   of  r o t a t i o n   of  s a i d   p i c k u p   s u r f -  

a c e ,   s a i d   t h i r d   c o n i c a l   s u r f a c e   s e q u e n t i a l l y   e n g a g -  

i n g   e a c h   of  t he   s e c o n d   means   f o r   r e c e i v i n g   a  d e s i g n  

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

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

p r i n t s   common  to  e a c h   s u r f a c e   in  a  n o n s l i p   r e l a t i o n -  

s h i p .  

21.   An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  f u r t h e r  

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

b a c k   up  r o l l   f o r   e n g a g e m e n t   w i t h   t h e   s e c o n d   m e a n s ,  
and  a  web  in  the   form  of  a  f l e x i b l e   p r i n t i n g   s u r f a c e  

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

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

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

22.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  f u r t h e r  

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



c l e a n i n g   s u r f a c e   a x i s   and  cone  a p e x   t h e r e a l o n g  

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

a b o u t   t h e   c e n t r a l   c l e a n i n g   s u r f a c e   a x i s   and  h a v i n g  

i t s   cone   a p e x   in   c o r r e s p o n d e n c e   w i t h   t h a t   of  t h e  

c e n t r e   of  r o t a t i o n   of  t h e   s e c o n d   m e a n s   and   o r i e n t -  

a t e d   to  i n t i m a t e l y   c o n t a c t   s a i d   s e c o n d   means   a l o n g  

a  l o c u s   of  p o i n t s   common  t h e r e t o   i n   a  n o n s l i p  

r e l a t i o n s h i p .  

2 3 .   A  p r i n t i n g   a p p a r a t u s   i n c l u d i n g   means   f o r   a p p l y -  

i n g   i nk   to  an  ink   c a r r y i n g   r o l l ,   and   a  s e l f   a l i g -  

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

i c a l   r o l l   m o u n t e d   f o r   r o t a t i o n   a b o u t   a  l o n g i t u d -  

i n a l   a x i s   h a v i n g   an  a p e x   t h e r e a l o n g ,   a  d o c t o r i n g  

means   i n c l u d i n g   a  p a i r   of  f i x e d   b l a d e   m e m b e r s ,  

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

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

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

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

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

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

t h e   a p e x   t h e r e o f .  

24.   A  p r i n t i n g   a p p a r a t u s   i n c l u d i n g   means   f o r  

t r a n s f e r r i n g   a  d e s i g n   to  a  r e c e i v i n g   s u r f a c e   of  a n  

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

a g a i n s t   c o m p r i s i n g :   a  t r a n s f e r r i n g   s u r f a c e   f o r  

c a r r y i n g   t h e   d e s i g n ;   r e s p e c t i v e   means   f o r   c a r r y i n g  

t h e   t r a n s f e r r i n g   s u r f a c e   and  t he   r e c e i v i n g   s u r f a c e  

of  t he   a r t i c l e   i n t o   e n g a g e m e n t   w i t h   e a c h   o t h e r ;   a n d  

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

to  t he   d e s i g n   i n t o   i n t i m a t e   n o n s l i p   r o l l i n g   c o n t a c t  

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

to  a f f e c t   t he   t r a n s f e r   of  t he   d e s i g n ,   s u c h   t h a t   a  

r e s p e c t i v e   c e n t r e   of  t he   t r a n s f e r r i n g   s u r f a c e   a n d  

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



c o i n c i d e   d u r i n g   e n g a g e m e n t .  

25.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   24,   w h e r e i n  

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

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

ing   a t   l e a s t   one  t r a n s l a t i o n a l   and  r o t a t i o n a l  

m o t i o n   of  t he   r e c e i v i n g   s u r f a c e   r e l a t i v e   to  t h e  

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

26.   A  a p p a r a t u s   as  c l a i m e d   in   c l a i m   25,   w h e r e i n  

t h e   means   f o r   e f f e c t i n g   t r a n s l a t i o n a l   and   r o t a t i -  

o n a l   m o t i o n  i n c l u d e s   r e s p e c t i v e   camming   m e a n s  

r e s p o n s i v e   to  t he   i n s t a n t a n e o u s   p o s i t i o n   of  t h e  

t r a n s f e r r i n g   s u r f a c e ,   h a v i n g   a t   l e a s t   one  p r o f i l e  

r e l a t e d   to  c i r c u m f e r e c t i a l   and  a x i a l   g e o m e t r y   o f  

t h e   r e c e i v i n g   s u r f a c e ,   t he   camming   means   b e i n g  

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

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

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

27.   An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   24,   w h e r e i n  

t h e   means   of  o r i e n t a t i n g   t he   r e c e i v i n g   s u r f a c e  

r e l a t i v e   to  t he   d e s i g n   i n c l u d e s   means   f o r   f o r c -  

i ng   t h e   r e c e i v i n g   s u r f a c e   a g a i n s t   t h e   t r a n s f e r r -  

i n g   s u r f a c e .  

28.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   27,   w h e r e i n  

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

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

d e s i g n   in   an  i n i t i a l   r e l a x e d   s u r f a c e   c o n f i g u r a t i o n  
and  t he   r e c e i v i n g   s u r f a c e   i n c l u d e s   a  p o r t i o n   of  a  

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

s a i d   w o r k i n g   s u r f a c e   in  a  n o n s l i p   r e l a t i o n   and  d e -  

f o r m i n g   same  a l o n g   a  l i n e   of  c o n t a c t   o f f s e t  f r o m  

the   i n i t i a l   r e l a x e d   s u r f a c e   c o n f i g u r a t i o n   of  s a i d  

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

29.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   27,  w h e r e i n  

t he   d e s i g n   c a r r i e d   by  t he   t r a n s f e r r i n g   s u r f a c e   i s  

g r a p h i c a l l y   d i s t o r t e d   by  an  a m o u n t   r e l a t i v e l y   e q u i -  



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

o c c a s i o n e d   by  e n g a g e m e n t   of  the   t r a n s f e r r i n g  

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

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

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

30.   An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   24,   w h e r e i n  

t h e   means   f o r   o r i e n t a t e d   t h e   a r t i c l e   i n c l u d e s  

a  v a c u u m   c h u c k   a d a p t e d   to  e n g a g e   a  p o r t i o n   of  t h e  

a r t i c l e   f o r   s e c u r i n g   i t   in   t he   i n d e x i n g   m e a n s .  

31.   A  p r i n t i n g   a p p a r a t u s   i n c l u d i n g   means   f o r  

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

f r o m   a  f l e x i b l e   d e s i g n   c a r r y i n g   w o r k i n g   s u r f a c e  

c o m p r i s i n g :   a  f r a m e   h a v i n g   an  a p e r t u r e   t h e r e i n  

a n d   an  e l a s t i c   m e m b r a n e   c a r r i e d   t h e r e b y ,   t h e   f l e x -  

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

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

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

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

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

c o n f o r m a n c e   w i t h   s a i d   a c t u a t o r   m e a n s ,   means   f o r  

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

rmed   m e m b r a n e ,   and   means   f o r   d i v i n g   t he   a c t u a t o r  

m e a n s   and  m e m b r a n e   i n t o   e n g a g e m e n t   w i t h   t h e   a r t -  

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

a  c e n t r e   a r e a   t h e r e o f   to  an  o u t e r   p e r i p h e r a l   e d g e  

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

and   t r a n s f e r r i n g   same  to  the   a r t i c l e .  

32.   An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   31,  w h e r e i n  

t h e   w o r k i n g   s u r f a c e   c o m p r i s e s   an  RTV  s i l a s t i c .  

33.   An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   32,  w h e r e i n  

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

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

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

to  e n g a g e   t h e   a r t i c l e   f i r s t   f rom  t h e   c e n t r e   t o  

an  o u t e r   p e r i p h e r a l   edge   t h e r e o f   a t   a  s e l e c t e d  

c o n t a c t   a n g l e   as  s a i d   c o n t a c t   p r o g r e s s e s .  



34.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   33,  w h e r e i n  

t h e   c o n t a c t   a n g l e   i s   f rom  5°  to  5 0 ° .  

35.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   31,  w h e r e i n  

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

r e d u c e d   a i r   p r e s s u r e   to  a  p o r t i o n   of  t he   a c t u a t o r  

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

of  t h e   l a t t e r   t h e r e a g a i n s t .  

36.  A  p r i n t i n g   a p p a r a t u s   i n c l u d i n g   means   f o r  

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

w o r k i n g   s u r f a c e   d u r i n g   a p p l i c a t i o n  o f   a  s e p a r a b l e  

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

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

r e a r w a r d   f a c i n g   p o r t i o n   of  s a i d   f l e x i b l e   w o r k i n g  

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

s o u r c e   of  r e d u c e d   a i r   p r e s s u r e   c o u p l e d   to  s a i d  

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

s a i d   p o r o u s   p l a t e   a  r e d u c e d   a i r   p r e s s u r e ,   s a i d   " 

r e a r w a r d   f a c i n g   p o r t i o n   of  t h e   f l e x i b l e   w o r k i n g  

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

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

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

37.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   36,  w h e r e i n  

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

e r i a l   h a v i n g   a  p o r e   s i z e   of  a b o u t   50  m i c r o n s .  

38.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   36,  f u r t h e r  

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

i n t e r m e d i a t e   t he   p o r u s   p l a t e   and  t h e   f l e x i b l e  

w o r k i n g   s u r f a c e .  

39.  A  m e t h o d   of  p r i n t i n g   c o m p r i s i n g   the   s t e p s   o f  

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

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

of  r o t a t i o n   i n c l u d i n g   a  p r i n t i n g   means   a p e x   t h e r e -  

a l o n g ,   p r o d u c i n g   a  p l u r a l i t y   of  t r a n s f e r r a b l e   d e s i -  

gn  p o r t i o n s   a t   e ach   of  s a i d   p r i n t i n g   m e a n s ,   l o c a t i n g  



a  c o l l e c t o r   f o r   e n g a g e m e n t   w i t h   e a c h   of  t h e  

p r i n t i n g   means   c o n c e n t r i c a l l y   a b o u t   a  c e n t r e  

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

and  o r i e n t a t i n g   t h e   p r i n t i n g   means   a x e s   a n d  

c o l l e c t o r   a x e s   of  r o t a t i o n   f o r   e n g a g e m e n t   a l o n g  

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

of  t h e   c o l l e c t o r   means   a r e   c o i n c i d e n t   w i t h   t h e   a p e x  

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

d e s i g n   p o r t i o n   f rom  t h e   p r i n t i n g   means   to  t h e  

c o l l e c t o r   by  i n t i m a t e   c o n t a c t   of  one  w i t h   t h e  

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

b e t w e e n   w h i c h   l i n e   i n c l u d e s   t he   a p e x   of  e a c h  

p r i n t i n g   means   of  t h e   c e n t r e   of  r o t a t i o n   of  t h e  

c o l l e c t o r .  

40.  A  m e t h o d   of  p r i n t i n g   w h e r e i n   an  i n k i n g  

f l u i d   i s   a p p l i e d   to  an  i n k   c a r r y i n g   s u r f a c e   c o m -  

p r i s i n g   t h e   s t e p s   o f :   m o u n t i n g   t h e   s u r f a c e   f o r  

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

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

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

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

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

l i n e   of  c o n t a c t   h a v i n g   a  l o c u s   of  p o i n t s   common 

w i t h   t h e   s u r f a c e   and  i n t e r s e c t i n g   t h e   a p e x   of  t h e  

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

a p p l y i n g   i n k i n g   f l u i d   t h e r e o n .  

41.   A  m e t h o d   of  p r i n t i n g   w h e r e i n   a  d e s i g n   i s  

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

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

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

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

and  o r i e n t a t i n g   one  s u r f a c e   r e l a t i v e   to  t he   o t h e r  

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

f o r   t r a n s f e r r i n g   t he   d e s i g n   f rom  one  to  t he   o t h e r  

w h i c h   l i n e   of  c o n t a c t   i n s t a n t a n e o u s l y   i n c l u d e s  

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



42.  A  m e t h o d   of  p r i n t i n g   f r o m - a   f l e x i b l e   w o r k -  

i ng   s u r f a c e   h a v i n g   a  s e p a r a b l e   d e s i g n   c a r r i e d   o n  

one  s u r f a c e   t h e r e o f   c o m p r i s i n g :   d e f o r m i n g   a  p o r -  
t i o n   of  s a i d   w o r k i n g   s u r f a c e   in   o p p o s i t i o n   to  t h e  

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

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

s u r f a c e   of  an  a r t i c l e   to  be  p r i n t e d   in   a  n o n s l i p  

r d l l i n g - l i k e   c o n t a c t   f rom  a  c e n t r e   a r e a   t h e r e o f  

to  a n  o u t e r   p e r i p h e r a l   edge   t h e r e b y   to  s e p a r a t e  

t he   d e s i g n   f rom  t he   w o r k i n g   s u r f a c e   and   t r a n s f e r  

i t   to  t h e   a r t i c l e .  

43.  A  m e t h o d   as  c l a i m e d   in  c l a i m   42,   f u r t h e r  

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

c o n f o r m a n c e   of  t h e   w o r k i n g   s u r f a c e   as  a  f u n c t i o n  

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

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

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

le   as  s a i d   c o n t a c t   p r o g r e s s e s .  

44.  A  m e t h o d   of  p r i n t i n g   a  f l e x i b l e   w o r k i n g   s u r -  

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

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

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

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

p n e u m a t i c a l l y   d r a w i n g   t he   f l e x i b l e   w o r k i n g   t h e r e -  

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