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©  Vending  machine  control  and  diagnostic  apparatus. 

Vending  machine  control  and  diagnostic  apparatus  for  a 
vending  apparatus  having  product  delivery  means  (10) 
comprising  an  electrically  operated  actuator  (A1)  for  delivery 
of  products,  an  impedance  element  (R1)  and  a  circuit 
opening  switch  (S1).  The  impedance  element  and  the  switch 
are  connected  electrically  in  series  with  each  other  and  in  a 
parallel  circuit  with  the  actuator,  and  the  opening  and  closing 
of  the  switch  is  controlled  by  the  operation  of  the  actuator. 
The  control  and  diagnostic  apparatus  has  a  detector  (30)  for 
detecting  changes  in  impedance  of  the  parallel  circuit  so  as 
to  indicate  the  position  and/or  condition  of  the  actuator. 



T h i s   i n v e n t i o n   r e l a t e s   to  the   c o n t r o l   o f  

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

of  v e n d i n g   m a c h i n e s   h a v i n g   a  l a r g e   number   o f  

a c t u a t o r s   fo r   v e n d i n g   a  l a r g e   q u a n t i t y   or  a  w i d e  

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

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

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

Most  v e n d i n g   m a c h i n e s   t o d a y   employ   b r u t e  

f o r c e   t y p e   s e l e c t i o n   c i r c u i t s   and  b l o c k e r   c i r c u i t s  

to  p r e v e n t   more  t han   one  a c t u a t o r   f.rom  b e i n g  

a c t u a t e d   at  a  t i m e .   A  t y p i c a l   b l o c k e r   c i r c u i t  

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

b l o c k e r   s w i t c h e s   each   a s s o c i a t e d   w i t h   one  of  t h e  

a c t u a t o r s   and  a c t u a t e d   by  a  cam  w h i c h   is  r o t a t e d  

d u r i n g   t h a t   a c t u a t o r ' s   c y c l e .   When  a l l   of  t h e  

a c t u a t o r s   a re   at  t h e i r   "home"  or  n o r m a l   s t a r t - s t o p  

p o s i t i o n ,   the   s w i t c h e s   a re   c o n n e c t e d   in  s e r i e s   a n d  



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

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

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

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

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

u n t i l   one  s e l e c t i o n   s w i t c h   is  a c t u a t e d ,   c a u s i n g   i t  

to  i n t e r r u p t   t he   s e r i e s   c o n n e c t i o n   of  s e l e c t i o n  

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

a c t u a t o r .   Once  a  s e l e c t i o n   i s   made  and  t h e  

s e l e c t e d   a c t u a t o r   b e g i n s   to  move,   i t s   cam  c a u s e s  

t he   a s s o c i a t e d   b l o c k e r   s w i t c h   to  move  to  i t s   o t h e r  

p o s i t i o n   c l o s i n g   i t s   h o l d   c o n t a c t s   so  t h a t   i t  

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

r e m a i n d e r   of  an  a c t u a t o r   c y c l e .   The  i n t e r r u p t i o n  

of  the   s e r i e s   c o n n e c t i o n   of  b l o c k e r   s w i t c h e s  

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

c i r c u i t   so  t h a t   no  o t h e r   a c t u a t o r s   can  be  s t a r t e d  

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

c o m p l e t e d   i t s   c y c l e .  

I t   has   been   r e c o g n i z e d   fo r   some  t i m e   t h a t  

the   t y p e   of  b l o c k e r   c i r c u i t   d e s c r i b e d   above   h a s  a  

m a j o r   d i s a d v a n t a g e :   when  an  a c t u a t o r   is  d i s a b l e d   i n  

m i d - c y c l e ,   t h e   e n t i r e   v e n d i n g   m a c h i n e   is  d i s a b l e d .  

An  a c t u a t o r   can  be  d i s a b l e d   as  a  r e s u l t   of  a n  

a c t u a t o r   d e f e c t ,   or  as  a  r e s u l t   o f  a   jam  in  t h e  

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

i n t e n d e d   to  v e n d .   A l t h o u g h   a t t e m p t s   have   b e e n   m a d e  

to  c i r c u m v e n t   t h i s   p r o b l e m   ( s e e ,   fo r   e x a m p l e ,   U . S . .  

P a t e n t   No.  4 , 2 2 0 , 2 3 5 ) ,   t h e y   have  e m p l o y e d  

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

e a c h   a c t u a t o r   and ,   t h e r e f o r e ,   have   n o t   b e e n   v e r y  

p r a c t i c a l ,   e s p e c i a l l y   in  m a c h i n e s   h a v i n g   a  l a r g e  

number   of  a c t u a t o r s .  



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

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

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

a c t u a t o r .   Each   a c t u a t o r   c o n t r o l s   a  s w i t c h   w h i c h   i s   e l e c t r i -  

c a l l y   i n   s e r i e s   w i t h   t h e   i m p e d a n c e   e l e m e n t   so  t h a t   t h e  

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

p a r a l l e l   when   t h e   a c t u a t o r   i s   a t   home  p o s i t i o n ,   b u t   t h e  

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

t h e   a c t u a t o r   i s   away  f r o m   i t s   home  p o s i t i o n .   A  m e a s u r e -  

m e n t   of   t h e   i m p e d a n c e   of  an  a c t u a t o r   and  i t s   a s s o c i a t e d  

i m p e d a n c e   e l e m e n t ,   f o r   e x a m p l e ,   by  p a s s i n g   a  s m a l l   c u r r e n t  

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

i s   a  r e s i s t o r ,   i s   u s e d   to   d i a g n o s e   t h e   s t a t u s   of   t h e  

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

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

r e q u i r e d   n u m b e r   of  d r i v e   e l e m e n t s   and  i n t e r c o n n e c t i n g   w i r e s  

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

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

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   c l e a r l y  

u n d e r s t o o d ,   some  e m b o d i m e n t s   w i l l   now  be  d e s c r i b e d   by  w a y  

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

in   w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of   a  f i r s t  

e m b o d i m e n t   of  t h e  i n v e n t i o n .  

F i g .   2  i s   a  s c h e m a t i c   d r a w i n g   o f   an  a c t u a t o r ,   c a m  

and  s w i t c h   s u i t a b l e   f o r   u se   in  t h e   e m b o d i m e n t   of   F i g .   1 .  

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

e m b o d i m e n t   of   t h e   i n v e n t i o n .  



F i g .   4  is  a  f r o n t   v i ew  of  a  c o n t r o l  

p a n e l   s u i t a b l e   for   the   e m b o d i m e n t   of  F i g .   3 .  

F i g .   5  is  a  s c h e m a t i c   b l o c k   d i a g r a m   of  a 

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

F i g .   3 .  

F i g .   6  is  a  s c h e m a t i c   b l o c k   d i a g r a m   of  a 

t h i r d   e m b o d i m e n t   o f  t h e   i n v e n t i o n .  

F i g .   7  is  a  f r o n t   v i ew   of  a  c o n t r o l  

p a n e l   s u i t a b l e   for   t he   e m b o d i m e n t   of  F i g .   6 .  

F i g .   8  is  a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  

f o u r t h   e m b o d i m e n t   o f  t h e   i n v e n t i o n .  

F i g .   9  is  a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  

v e r s i o n   of  t he   e m b o d i m e n t   of  F i g .   8 .  

F i g .   10  is  a  s c h e m a t i c   b l o c k   d i a g r a m   o f  

t e s t   c i r c u i t s ,   a c t u a t o r   s e l e c t i o n   c i r c u i t s   and  a  

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

e m b o d i m e n t   of  F i g .   9 .  

D e s c r i p t i o n   of  the   F i r s t   E m b o d i m e n t  

F i g .   1  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  

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

a p p a r a t u s   10  and  a  v e n d i n g   and  d i a g n o s t i c   a p p a r a t u s  

50,  s h o w i n g   the   p r i n c i p l e s   o f  t h e   i n v e n t i o n .  

The  p r o d u c t   d e l i v e r y   a p p a r a t u s   10  in  t h i s  

e m b o d i m e n t   i n c l u d e s   two  a c t u a t o r s   Al  and  A2  f o r   u s e  

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

p r o d u c t   d e l i v e r y   a p p a r a t u s   10  can  be  a  d r i n k  

d i s p e n s e r   in  w h i c h   a c t u a t o r   Al  r e l e a s e s   a  cup  to  b e  

f i l l e d   and  a c t u a t o r   A2  c o n t r o l s   the   f l ow  of  t h e  

d r i n k   i n t o   t he   cup .   I t   w i l l   be  c l e a r   to  t h o s e  

s k i l l e d   in  t he   a r t   how  a d d i t i o n a l   a c t u a t o r s   can  b e  



e m p l o y e d   w i t h o u t   d e p a r t i n g   f r o m  t h e   i n v e n t i o n . . F o r  

e x a m p l e ,   s ix   such   a c t u a t o r s   c o u l d   be  used  f o r  

c o n t r o l l i n g   the   d e l i v e r y   of  c o l d ,   c a n n e d   b e v e r a g e s  

f rom  a  s ix   co lumn  b e v e r a g e   m a c h i n e ,   u s i n g .  o n e  

a c t u a t o r   per   c o l u m n .  

A s s o c i a t e d   w i t h   e a c h   of  the   a c t u a t o r s   A l  

and  A2  is  a  s w i t c h   S 1 , S 2   w h i c h   is  c o n t r o l l e d   by  a n  

a s s o c i a t e d   cam,  wh ich   in  t u r n   is   moved  by  t h e  

a c t u a t o r   as  shown  s c h e m a t i c a l l y   in  F i g .   2.  In  F i g .  

2,  t he   a c t u a t o r   A201  is  a  r o t a r y   m o t o r .   I t   i s  

m e c h a n i c a l l y   c o u p l e d   by  a  r o t a t i n g   d r i v e   s h a f t   D 2 0 1  

to  a  cam  C201.  The  d r i v e   s h a f t   D201  is   a l s o  

m e c h a n i c a l l y   c o u p l e d   to  d r i v e   the   p r o d u c t   d e l i v e r y  

means   ( n o t   s h o w n ) .   S w i t c h   S201  c o r r e s p o n d s   to  t h e  

s w i t c h e s   S1 ,S2   of  F i g .   1.  S w i t c h   S201  has  a  

s t a t i o n a r y   c o n t a c t   S203  and  a  m o v e a b l e   c o n t a c t   a r m  

S 2 0 4 .   The  o u t e r   end  of  t he   c o n t a c t   arm  S204  has  a  

p r o t r u s i o n   S205  wh ich   r e s t s   on  the   s u r f a c e   of  t h e  

cam  C201.   A  s p r i n g   S206  p r e s s e s   the   p r o t r u s i o n  

S205  a g a i n s t   the   cam  C201.   The  cam  C201  has  a n  

i n d e n t a t i o n   C202  in  i t s   s u r f a c e .   When  the   a c t u a t o r  

Al  is   a t   home  p o s i t i o n ,   t he   p r o t r u s i o n   S205  i s  

p r e s s e d   by  the   s p r i n g   S206  i n t o   the   i d e n t a t i o n  

C202 ,   c o n n e c t i n g   s w i t c h   c o n t a c t s   S203  and  S 2 0 4 .  

When  the   a c t u a t o r   is  no t   a t   i t s   home  p o s i t i o n ,   t h e  

cam  C201  h o l d s   the   s w i t c h   arm  S204  in  a  p o s i t i o n  

such   t h a t   i t   does   no t   c o n t a c t   the   f i x e d   c o n t a c t  

S203 .   Whi l e   the   s w i t c h e s   S l ,   S2  and  S201  of  F i g s .  

1  and  2  a re   shown  and  d e s c r i b e d   as  n o r m a l l y   c l o s e d  

when  the   a s s o c i a t e d   a c t u a t o r s   A1,  A2  and  A201  a r e  

in  the   home  p o s i t i o n   and  open  when  away  from  t h e  

home  p o s i t i o n ,   i t   w i l l   be  c l e a r   to  t h o s e   s k i l l e d   i n  

the   a r t   t h a t   a  s w i t c h   w h i c h   is  open  when  t h e  

a c t u a t o r   is   in  the  home  p o s i t i o n   and  c l o s e d   w h e n  

away  from  home  p o s i t i o n   can  a l s o   be  e m p l o y e d  

w i t h o u t   d e p a r t i n g   f r o m . t h e   i n v e n t i o n .  



The  use   of  s u c h   cams  and  s w i t c h e s   i n  

c o n n e c t i o n   w i t h   a c t u a t o r s ,   s u c h   as  r o t a r y   m o t o r s ,  

i s   w e l l   known  in  t he   a r t .   In  mos t   s u c h   c a s e s ,   t h e  

cam  c a u s e s   a  c i r c u i t   to  open   w h e n e v e r   t he   a c t u a t o r  

s h a f t   is   away  f rom  i t s   home  or  s t a r t - s t o p   p o s i t i o n ,  

b u t ,   u n l i k e   t he   p r e s e n t   i n v e n t i o n ,   t he   c a m - a c t u a t e d  

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

b l o c k e r   c i r c u i t .   W h e n e v e r   t he   b l o c k e r   c i r c u i t   i s  

o p e n e d   by  any  of  the   c a m - o p e r a t e d   s w i t c h e s   in  s u c h  

an  a p p a r a t u s ,   t he   a c t u a t i o n   of  a l l   o t h e r   a c t u a t o r s  

is  b l o c k e d .   In  t he   e v e n t   an  a c t u a t o r   is   jammed  o r  

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

a p p a r a t u s   c a n n o t   o p e r a t e   u n t i l   r e p a i r e d .   I n  

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

s w i t c h e s   S l , S 2   a l t h o u g h   c a m - a c t u a t e d   in  s i m i l a r  

f a s h i o n   to  t he   b l o c k e r   s w i t c h e s   of  c o n v e n t i o n a l  

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

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

Each  of  the   s w i t c h e s   S l , S 2   is   in  s e r i e s  

w i t h   a  c a p a c i t i v e   or  r e s i s t i v e   i m p e d a n c e   e l e m e n t   ( a  

r e s i s t o r   in  t h i s   e m b o d i m e n t )   R l , R 2 ,   r e s p e c t i v e l y ,  

and  the   s e r i e s   c o n n e c t e d   s w i t c h - r e s i s t o r   s e t s   a r e  

w i r e d   in  p a r a l l e l   w i t h   t he   a s s o c i a t e d   a c t u a t o r  

A1,  A 2 .  

The  v e n d i n g   c o n t r o l   and  d i a g n o s t i c  

a p p a r a t u s   50  i n c l u d e s   an  a c t u a t o r   s e l e c t o r   20  

i n c l u d i n g   a  s w i t c h   S3,  a  t e s t   c i r c u i t   30,   a  t e s t  

r e s i s t o r   R3,  a  power   s u p p l y   35  and  a  t e s t - r u n  

s w i t c h   S5.  The  power   s u p p l y   35  p r o v i d e s   t w o  

o u t p u t s :   one  t he   run  t e r m i n a l   R  p r o v i d i n g  

s u f f i c i e n t   power   to  o p e r a t e   one  of  t he   a c t u a t o r s   A l  

or  A2,  when  i t   i s   c o n n e c t e d   to  t he   run  t e r m i n a l   b y  

s w i t c h   S3  and  t e s t - r u n   s w i t c h   S5,  and  t h e   o t h e r   t h e  

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

run  t he   a c t u a t o r ,   c o n n e c t e d   to  t he   t e s t   t e r m i n a l   T .  



When  one  of  t he   a c t u a t o r s   is   s e l e c t e d   by  t h e  

a c t u a t o r   s e l e c t o r   20,  c u r r e n t   can  f l ow  from  t h e  

power   s u p p l y   35,   t h r o u g h   the   s e l e c t o r   s w i t c h   S 3 ,  

t h r o u g h   the   s e l e c t e d   a c t u a t o r   Al  or  A2,  and  back   t o  

t he   power   s u p p l y   35  v i a   the   t e s t   r e s i s t o r   R3  a n d  

g r o u n d .   When  the   s w i t c h   Sl  or  S2,  a s s o c i a t e d   w i t h  

t h e   s e l e c t e d   a c t u a t o r   Al  or  A2,  i s   c l o s e d ;   c u r r e n t  

a l s o   f l o w s   t h r o u g h   the   a s s o c i a t e d   r e s i s t o r   R1  o r  

R 2 .  

T e s t   c i r c u i t   30  m o n i t o r s   t he   s i g n a l  

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

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

e m b o d i m e n t ,   t he   t e s t   c i r c u i t   30  is  a  s i m p l e  

v o l t m e t e r   w h i c h   m o n i t o r s   t he   v o l t a g e   a c r o s s  

r e s i s t a n c e   R3,  i n d i c a t i n g   the   c u r r e n t   f l o w i n g  

t h r o u g h   the   r e s i s t o r   R3.  By  m o n i t o r i n g   the   c u r r e n t  

t h r o u g h   R3,  t he   t e s t   c i r c u i t   can  i n d i c a t e   t h e  

c o n d i t i o n s   of  the   a c t u a t o r .   When  a c t u a t o r   Al  or  A2 

i s   away  f rom  home,   Rl  or  R2  is  s w i t c h e d   o u t   of  t h e  

c i r c u i t   and  a l l   the   c u r r e n t   f l o w i n g   t h r o u g h   R3 

f l o w s   t h r o u g h   Al  or  A2:  For  a  g i v e n   t e s t   v o l t a g e  

f rom  t he   power   s u p p l y ,   t h e r e   w i l l   be  a  n o r m a l   r a n g e  
of  c u r r e n t   d r a w n   by  an  o p e r a t i n g   a c t u a t o r ,   Al  o r  

A2,  away  f rom  i t s  h o m e   p o s i t i o n .   At  home  p o s i t i o n ,  

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

a s s o c i a t e d   s w i t c h   S1  or  S2  w i l l   be  c l o s e d   a n d  

c u r r e n t   w i l l   be  d rawn  t h r o u g h   b o t h   the   a c t u a t o r   a n d  

t h e   a s s o c i a t e d   i m p e d a n c e   e l e m e n t   Rl  or  R2.  I f   t h e  

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

i m p e d a n c e   e l e m e n t   w i l l   draw  c u r r e n t .  

I f   t he   m o t o r   is   open  c i r c u i t e d   away  f rom  h o m e  

p o s i t i o n ,   no  c u r r e n t   w i l l   be  d r a w n .   I f   t he   m o t o r  

is   s h o r t   c i r c u i t e d ,   the   maximum  a m o u n t   of  c u r r e n t  

w i l l   be  d r a w n .  



D e s c r i p t i o n   of  t h e   S e c o n d   E m b o d i m e n t  

F i g .   3  is   a  s c h e m a t i c   d i a g r a m   of  a  s e c o n d  

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

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

3 5 0 ,   s h o w i n g   the   p r i n c i p l e s   of  t h e   i n v e n t i o n .  

The  p r o d u c t   d e l i v e r y   a p p a r a t u s   3 1 0  

i n c l u d e s  e i g h t y   a c t u a t o r s   A 1 0 1 - A 8 1 0 ,   s u c h   as  r o t a r y  

m o t o r s   or  s o l e n o i d s ,   u sed   f o r   d e l i v e r i n g   p r o d u c t s  

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

i l l u s t r a t i o n ,   i t   w i l l   be  a s s u m e d   in  t h i s  

s p e c i f i c a t i o n   t h a t   the   a c t u a t o r s   A 1 0 1 - A 8 1 0   a r e  

d i r e c t   c u r r e n t   (DC)  r o t a r y   m o t o r s ,   u n l e s s   o t h e r w i s e  

n o t e d ,   a l t h o u g h  t h e  i n v e n t i o n   i s   n o t   l i m i t e d   to  t h e  

use   of  s u c h   r o t a r y   m o t o r s   as  t h e   a c t u a t o r s .  

The  a c t u a t o r s   A 1 0 1 - A 8 1 0   a r e   a r r a n g e d   in  a  
m a t r i x   of  e i g h t   rows  and  t e n   c o l u m n s .   The  d e s i r e d  

a c t u a t o r   i s   s e l e c t e d   by  the   a c t u a t o r   s e l e c t o r   3 2 0  

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

350 .   One  t e r m i n a l ,   t he   n e g a t i v e   t e r m i n a l ,   of  e a c h  

of  t he   a c t u a t o r s   A 1 0 1 - A 1 1 0   in  Row  1  is   c o n n e c t e d  

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

a c t u a t o r s   A 1 0 1 - A 1 1 0   in  t he   same  row  by  a  row  d r i v e  

l i n e   321  to  a  row  s w i t c h   361  w i t h i n   row  s w i t c h i n g  

m e a n s   360 ,   w h i c h   i s   a  p a r t   of  t he   a c t u a t o r   s e l e c t o r  

320 .   S i m i l a r l y ,   one  t e r m i n a l ,   t h e   n e g a t i v e  

t e r m i n a l ,   of  e a c h   of  the   a c t u a t o r s   A 2 0 1 - A 2 1 0   . . .  
A 8 0 1 - A 8 1 0   in  Rows  2  t h r o u g h   8  i s   c o n n e c t e d   by  t h e  

row  d r i v e   l i n e s   322  t h r o u g h   328  to  t he   s w i t c h   3 6 1 .  

The  row  d r i v e   s w i t c h   361 ,   when  c o n n e c t e d   to  one  o f  

t h e   row  d r i v e   l i n e s   3 2 1 - 3 2 8 ,   c o n n e c t s   t h e   row  d r i v e  

l i n e   s e l e c t e d   by  the   row  d r i v e   s w i t c h   361  t o  

r e s i s t o r   R3,  t he   o t h e r   end  of  w h i c h   i s   c o n n e c t e d   t o  

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

a c t u a t o r s   A101,   A201  . . .   801  in  Column  1  a r e  



c o n n e c t e d   by  a  c o l u m n   d r i v e   l i n e   331  to  a  c o l u m n  

s w i t c h   371  w i t h i n   the   c o l u m n   s w i t c h i n g   means   3 7 0 .  

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

a c t u a t o r s   in  C o l u m n s   2  t h r o u g h   8  a r e   c o n n e c t e d   b y  

the   c o l u m n   d r i v e   l i n e s   332  t h r o u g h   340  r e s p e c t i v e l y  

to  s w i t c h   371 .   The  c o l u m n   d r i v e   s w i t c h   371 ,   w h e n  

c o n n e c t e d   to  one  of  the   c o l u m n   d r i v e   l i n e s   3 3 1 - 3 4 0 ,  

w i l l   c o n n e c t   t he   co lumn   d r i v e   l i n e   s e l e c t e d   by  t h e  

c o l u m n   d r i v e   s w i t c h   371  to  s w i t c h   S 5 .  

S w i t c h   S5  has  two  p o s i t i o n s   in  t h i s  

e m b o d i m e n t .   In  the   run  p o s i t i o n   (R) ,   t he   arm  o f  

the   s w i t c h   S5  is   c o n n e c t e d   to  a  24VDC  o u t p u t   of  t h e  

power   s u p p l y   335  w h i c h   p r o v i d e s   s u f f i c i e n t   power   t o  

o p e r a t e   an  a c t u a t o r .   In  t e s t   p o s i t i o n   ( T ) ,   the   a r m  

of  t he   s w i t c h   S5  is   c o n n e c t e d   to  an  o u t p u t   of  t h e  

power   s u p p l y   335  p r o v i d i n g   a  s i g n a l   s u f f i c i e n t   f o r  

t e s t i n g   the   p r o d u c t   d e l i v e r y   a p p a r a t u s   310 ,   b u t  

i n s u f f i c i e n t   in  some  r e s p e c t ,   such   as  v o l t a g e ,   d u t y  

c y c l e   or  p o s s e s s i n g   o n l y   an  AC  c o m p o n e n t ,   t o  

a c t u a t e   t he   a c t u a t o r   to  w h i c h   i t   is   c o n n e c t e d .   I n  

t h i s   e x a m p l e ,   t he   t e s t   v o l t a g e  i s   5VDC. 

When  any  c o m b i n a t i o n   of  row  and  c o l u m n   i s  

s e l e c t e d   by  t h e   s w i t c h i n g   means   360  and  370 ,   a n d  

s w i t c h   S5  is   in  t he   run  p o s i t i o n   (R) ,   t he   a c t u a t o r  

a t   t he   i n t e r s e c t i o n   of  t he   co lumn   and  row  s e l e c t e d  

w i l l   be  a c t u a t e d .   Under   n o r m a l   o p e r a t i n g  

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

in  the   c o n v e n t i o n a l   f a s h i o n .   For  e x a m p l e ,   when  r o w  

1  and  c o l u m n   1  a r e   s e l e c t e d ,   a c t u a t o r   A101  i s  

a c t u a t e d   by  c u r r e n t   f l o w i n g   from  the   power   s u p p l y  

335  t h r o u g h   c o l u m n   s w i t c h   371  v i a   c o l u m n   d r i v e   l i n e  

331  t h r o u g h   t he   a c t u a t o r   A101  v i a   row  d r i v e   l i n e  

321  and  row  s w i t c h   361  t h r o u g h   r e s i s t o r   R3  t o  

g r o u n d .  

A s s o c i a t e d   w i t h   each   of  t he   a c t u a t o r s  

A 1 0 1 - A 8 1 0   is   a  s w i t c h   S 1 0 1 - S 8 1 0   w h i c h   i s   c o n t r o l l e d  



by  an  a s s o c i a t e d   cam,  which   in  t u r n   i s   moved  by  t h e  

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

.  c o n n e c t i o n   w i t h   F i g .   2.  Each  of  t he   s w i t c h e s  

S 1 0 1 - S 8 1 0   is   c o n n e c t e d   in  s e r i e s   w i t h   one  o f  

i m p e d a n c e   e l e m e n t s   ( r e s i s t o r s   in  t h i s   e m b o d i m e n t )  

R 1 0 1 - R 8 1 0 ,   r e s p e c t i v e l y   and  the   s e r i e s   c o n n e c t e d  

s w i t c h - r e s i s t o r   s e t s   a re   each   w i r e d   in  p a r a l l e l  

w i t h   the   one  of  t h e   a c t u a t o r s   A 1 0 1 - A 8 1 0 ,  

r e s p e c t i v e l y .   A  d i o d e   is  c o n n e c t e d   in  s e r i e s   w i t h  

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

c o m b i n a t i o n   to  a s s u r e   p r o p e r   m a t r i x   c o n t r o l .  

The  c i r c u i t   a r r a n g e m e n t   j u s t   d e s c r i b e d  

p e r m i t s   t he   d i a g n o s i s   of  t he   s t a t u s   of  any  of  t h e  

a c t u a t o r s   A 1 0 1 - A 8 1 0   by  o b s e r v a t i o n   of  t he   i m p e d a n c e  

in  the   a p p r o p r i a t e   d r i v e   l i n e s .   Any  p a r t i c u l a r  

a c t u a t o r   may  be  s e l e c t e d   fo r   t e s t i n g   by  s e l e c t i o n  

w i t h   the   row  and  c o l u m n   s w i t c h e s   361  and  371  a n d  

a p p l i c a t i o n   v i a   s w i t c h   S5  of  the   t e s t   s i g n a l   f r o m  

t h e   power   s u p p l y   335 .   In  the   p a r t i c u l a r   s y s t e m   3 0 0  

shown  in  F i g .   3,  t he   m e a s u r i n g   c i r c u i t   3 3 0  

c o m p r i s e s   a  s i m p l e   v o l t m e t e r   a c r o s s   r e s i s t o r   R 3 ,  

w h i c h   g i v e s   an  i n d i c a t i o n   of  the   c u r r e n t   f l o w i n g  

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

310.   T h a t   c u r r e n t   i s   d e p e n d e n t   upon  the   p o s i t i o n  

of  t he   row  and  c o l u m n   s w i t c h e s   361  and  371 ,   t h e  

r e s i s t a n c e s   of  t he   s e l e c t e d   a c t u a t o r   a n d  

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

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

V a r i o u s   p o s s i b l e   c o n d i t i o n s   of  a n  

a c t u a t o r   a r e   d e s c r i b e d   be low  t o g e t h e r   w i t h   t h e  

c u r r e n t s   w h i c h   wou ld   i n d i c a t e   t he   c o n d i t i o n   in  t h i s  

e m b o d i m e n t .  

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

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

200  ohms,   t h e  r e s i s t a n c e s   of  t he   a s s o c i a t e d  



i m p e d a n c e   e l e m e n t s   R 1 0 1 - R 8 1 0   a r e   e a c h   300  ohms ,   t h e  

r e s i s t a n c e   of  R3  is  20  ohms  and  the   t e s t   s i g n a l   i s  

a  5VDC  s i g n a l   w h i c h   i s   i n s u f f i c i e n t   to  a c t u a t e   t h e  

a c t u a t o r   b e i n g   t e s t e d ;   the   m e a s u r i n g   c i r c u i t   330  

w i l l   i n d i c a t e   c u r r e n t s   f l o w i n g , t h r o u g h   R3  a s  

f o l l o w s :  

(a)  I f   the   m o t o r   is  o p e n - c i r c u i t e d   a n d  

i n  m i d - c y c l e   ( o p e n i n g   i t s   a s s o c i a t e d  

s w i t c h ) ,   or  i f   the   a s s o c i a t e d   d i o d e   i s  

o p e n - c i r c u i t e d ,   the   c u r r e n t   w i l l   be  0 

m i l l i a m p e r e s .  

(b)  I f   the   mo to r   is   o p e n - c i r c u i t e d   a n d  

at   the   home  p o s i t i o n ,   t he   c u r r e n t   w i l l   b e  

a p p r o x i m a t e l y   1 3 . 8   m i l l i a m p e r e s .  

(c)   If   the   mo to r   is  in  m i d - c y c l e  

( o p e n i n g   i t s   a s s o c i a t e d   s w i t c h ) ,   bu t   n o t  

o p e n -   or  s h o r t - c i r c u i t e d ,   t he   c u r r e n t  

w i l l   be  a p p r o x i m a t e l y   20  m i l l i a m p e r e s .  

(d)  If   the   mo to r   is   a t   i t s   home  

p o s i t i o n ,   bu t   no t   o p e n -   o r  
s h o r t - c i r c u i t e d ,   the   c u r r e n t   w i l l   b e  

a p p r o x i m a t e l y   31 .4   m i l l i a m p e r e s .  

(e)   If   t h e   m o t o r   is  s h o r t - c i r c u i t e d   o r  

t he   a s s o c i a t e d   r e s i s t o r   i s  

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

l i k e l y ) ,   the   c u r r e n t   w i l l   be  w e l l   i n  

e x c e s s   of   31 .4   m i l l i a m p e r e s .   For  t h i s  

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

i n c o r p o r a t e d   in  the   power   s u p p l y   335  o r  

a n o t h e r   a p p r o p r i a t e   p a r t   of  t h e  

a p p a r a t u s .  

In  o r d e r   to  p r o v i d e   a u t o m a t i c   d e t e c t i o n  

of  any  d e f e c t i v e   a c t u a t o r s   and  a c t u a t o r s   wh ich   a r e  

n o t   a t   t h e i r   home  p o s i t i o n ,   t he   c o n t r o l   a n d  

d i a g n o s t i c   a p p a r a t u s   350  can  be  p r o v i d e d   w i t h  



a u t o m a t i c   s w i t c h i n g   means   such   as  t he   s w i t c h i n g  

m e a n s   360  and  370,   and  t h e   m e a s u r i n g   c i r c u i t   3 3 0  

can  be  a r r a n g e d   to  i n d i c a t e   when  t he   c u r r e n t   f l o w  

t h r o u g h   r e s i s t o r   R3  is   o t h e r   t h a n   the   c u r r e n t   w h i c h  

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

p o s i t i o n .   The  t h i r d   e m b o d i m e n t   d e s c r i b e d   b e l o w  

p r o v i d e s   such   a u t o m a t i c   d e t e c t i o n .  

F i g .   4  shows  a  t e s t   c o n t r o l   p a n e l   4 0 0  

s u i t a b l e   f o r   the   e m b o d i m e n t   of  F i g .   3.  I t   i n c l u d e s  

a  m e t e r   410  w h i c h   s e r v e s   as  p a r t   of  t he   m e a s u r i n g  

c i r c u i t   330 .   The  knobs   461  and  471  a r e   c o n n e c t e d  

to  o p e r a t e   the   m o v e a b l e   c o n t a c t s   of  row  and  c o l u m n  

s w i t c h e s   361  and  371,   r e s p e c t i v e l y .   S w i t c h   4 0 5 ,  

c o r r e s p o n d i n g   to  s w i t c h   S5  of  F i g .   1,  w h i c h   is  u s e d  

f o r   s w i t c h i n g   b e t w e e n   the   run  or  o p e r a t e   mode  a n d  

the   t e s t   mode ,   is  a l s o   l o c a t e d   on  the   t e s t   c o n t r o l  

p a n e l   400 .   When  s w i t c h   405  is   in  the   t e s t   m o d e ,  

the   n e e d l e   411  of  t he   m e t e r   i n d i c a t e s   t he   c u r r e n t  

p a s s i n g   t h r o u g h   r e s i s t o r   R 3 . . I n   the   t e s t   c o n t r o l  

p a n e l   400  shown  in  F i g .   4,  the   m e t e r   f a c e   b e a r s  

d e s i g n a t i o n s   fo r   v a r i o u s   c o n d i t i o n s   so  t h a t   t h e  

p e r s o n   t e s t i n g   t he   v e n d i n g   s y s t e m   is  r e a d i l y  

a p p r i s e d   of  t he   c o n d i t i o n   of  an  a c t u a t o r .   T h e s e  

d e s i g n a t i o n s   a r e   s h o r t   form  v e r s i o n s   of  t h e  

c o n d i t i o n s   d i s c u s s e d   in  c o n n e c t i o n   w i t h   F i g .   3 

a b o v e .   The  m e t e r   f a c e   can  a l s o   be  c a l i b r a t e d   i n  

m i l l i a m p e r e s   or  some  o t h e r   a p p r o p r i a t e   v a l u e s .  

In  many  v e n d i n g   m a c h i n e s   now  b e i n g   s o l d ,  

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

s e l e c t e d   a c t u a t o r .   Once  the   a c t u a t o r   has  moved  a  

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

is  o p e n e d   to  p r e v e n t   t he   a c t u a t i o n   of  o t h e r  

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

t he   s e l e c t e d   a c t u a t o r   d i r e c t l y   to  t he   power   s o u r c e  

u n t i l   t h e   a c t u a t o r   r e t u r n s   to  i t s   home  p o s i t i o n .  



.Th i s   t y p e   of  c a m - o p e r a t e d   s w i t c h   can  be  e m p l o y e d  

w i t h   t he   a p p a r a t u s   o f  t h e   i n v e n t i o n ,   b u t   i s   n o t   t h e  

p r e f e r r e d   a r r a n g e m e n t .  

I t   i s   p r e f e r r e d   to  p r o v i d e   l o g i c   means   f o r  

m o n i t o r i n g   the   a c t u a t o r   i m p e d a n c e   c o n d i t i o n s   a n d  

c o n t r o l l i n g  t h e   a c t u a t o r .   For  e x a m p l e ,   a  l o g i c  

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

3 3 0  o f   F i g .   3  f o r   m o n i t o r i n g   the   c u r r e n t   t h r o u g h  

r e s i s t o r   R3  and  m a k i n g   l o g i c a l   d e c i s i o n s   i n  

r e s p o n s e   t h e r e t o .   When  a  p r o d u c t   is  s e l e c t e d ,   t h e  

m e a s u r i n g   c i r c u i t   330  f i r s t   d e t e r m i n e s   t h a t   t h e  

s e l e c t e d   a c t u a t o r   is  at  home  p o s i t i o n   and  o p e r a b l e .  

T h i s   is  done  by  c a u s i n g   the   power  s u p p l y   335  t o  

a p p l y   the   t e s t   c u r r e n t .   If   the   a c t u a t o r   i s   a t   home 

p o s i t i o n   and  o p e r a b l e ,   the   m e a s u r i n g   c i r c u i t   3 3 0  

c a u s e s   the   power   s u p p l y   335  to  a p p l y   f u l l   r u n  

c u r r e n t .   Under   n o r m a l   c o n d i t i o n s ,   when  run  c u r r e n t  

i s   a p p l i e d ,   t he   m e a s u r i n g   c i r c u i t   330  f i r s t   d e t e c t s  

t h e   l a r g e   a m o u n t   of  c u r r e n t   d rawn  by  the   a c t u a t o r  

and  i t s   p a r a l l e l   r e s i s t o r .   S h o r t l y   a f t e r   t he   r u n  

c u r r e n t   is  a p p l i e d ,   the   m e a s u r i n g   c i r c u i t   3 3 0  

s h o u l d   d e t e c t   a  r e d u c t i o n   of  c u r r e n t   as  t h e  

r e s i s t o r   is  d i s c o n n e c t e d   by  i t s   a s s o c i a t e d  

c a m - o p e r a t e d   s w i t c h .   T h i s   i n d i c a t e s   t h a t   t h e  

a c t u a t o r   has  moved  away  from  home  p o s i t i o n .   When 

t h e   a c t u a t o r   r e t u r n s   to  home  p o s i t i o n   a g a i n ,   t h e  

m e a s u r i n g   c i r c u i t   330  w i l l   d e t e c t   a  l a r g e   i n c r e a s e  

in  c u r r e n t   as  the   r e s i s t o r   is   a g a i n   c o n n e c t e d   i n  

p a r a l l e l  w i t h   the   a c t u a t o r .   I n  r e s p o n s e ,   t h e  

m e a s u r i n g   c i r c u i t   330  w i l l   c a u s e   the   power   s u p p l y  

335  to  r emove   the   run  c u r r e n t .   The  m e a s u r i n g  

c i r c u i t   330  a l s o   i n c l u d e s   a  t i m i n g   c i r c u i t   w h i c h  

c a u s e s   the   power   s u p p l y   335  to  r emove   t he   r u n  

c u r r e n t   i f   the   a c t u a t o r   does   no t   r e t u r n   to  i t s   home 

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

t i m e   f rom  a c t u a t i o n .  



One  way  in  w h i c h   t h i s   l o g i c a l   f u n c t i o n  

can  be  a c c o m p l i s h e d   is  shown  in  F i g .   5.  A  g r o u p   o f  

c o m p a r a t o r s   4 2 1 - 4 2 6   m o n i t o r   t he   c u r r e n t   f l o w i n g  

t h r o u g h   r e s i s t o r   R3  and  e a c h   c o m p a r e s   t h a t   c u r r e n t  

to  a  d i f f e r e n t   s t a n d a r d   c u r r e n t   I 1 - I 6   f rom  a  s o u r c e  

( n o t   shown)   such   as  power   s u p p l y   335  of  F i g .   3 .  

The  s t a n d a r d   c u r r e n t s   fo r   c o m p a r a t o r s   421  and  4 2 2  

b r a c k e t   t he   a c c e p t a b l e   r a n g e   of  t e s t   c u r r e n t   f o r   a  

n o r m a l   a c t u a t o r   a t   home  p o s i t i o n .   I f   c o m p a r a t o r s  

421  and  422  i n d i c a t e   t h a t   the   c u r r e n t   is  w i t h i n  

t h a t   r a n g e   by  a  l o g i c a l   "1"  f rom  c o m p a r a t o r   421  a n d  

a  l o g i c a l   "0"  f rom  c o m p a r a t o r   422 ,   AND  g a t e   4 3 1  

p r o d u c e s   a  s i g n a l   w h i c h  s e t s   f l i p - f l o p   441  when  t h e  

s t a r t   s w i t c h   480  is  m o m e n t a r i l y   d e p r e s s e d .   T h i s  

s i g n a l   a l s o   t r i g g e r s   t i m e r   c i r c u i t   442  ( s u c h   as  a  

m o n o s t a b l e   m u l t i v i b r a t o r )   to  c o n t r o l   t he   m a x i m u m  

a c t u a t o r   c y c l e   t i m e .   When  f l i p - f l o p   441  i s   s e t ,  

t he   s i g n a l   f rom  i t s   Q  o u t p u t   a c t i v a t e s   a  r e l a y   4 5 0  

c o r r e s p o n d i n g   to  s w i t c h   S5  in  F i g .   3.  When 

u n a c t i v a t e d ,   t h i s   r e l a y   450  p r o v i d e s   t e s t   c u r r e n t  

(5VDC  h e r e )   to  the   p r o d u c t   d e l i v e r i n g   a p p a r a t u s   1 0  

v i a   t he   c o l u m n   s w i t c h i n g   means   370 .   When  t he   r e l a y  

450  i s   a c t i v a t e d ,   f u l l   run  c u r r e n t   (24VDC  h e r e )   i s  

a p p l i e d .  

When  the   f u l l   run  c u r r e n t   i s   f i r s t  

a p p l i e d   to  an  a c t u a t o r ,   t he   c u r r e n t   d r a w n   is   g h ,  

d e t e r m i n e d   by  the   r e s i s t o r   in  p a r a l l e l   w i t h   t h e  

a c t u a t o r   and  R3.  C o m p a r a t o r s   425  and  426,   w h i c h  

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

c u r r e n t s   b r a c k e t i n g   the   a c c e p t a b l e   c u r r e n t s   f ) r  

t h i s   c o n d i t i o n ,   d e t e c t   t he   h i g h   c u r r e n t   c o n d i t i o n ,  

c a u s i n g   AND  g a t e   435  to  send   a  s i g n a l   to  ANI  g a t e  

4 4 5 .   F l i p - f l o p   443 ,   h o w e v e r ,   is  in  t he   r e s t t   s t a t e  

f rom  a  p r i o r   c y c l e   and  is  no t   s e n d i n g   a  s i g i a l   t o  

AND  g a t e   445;   t h e r e f o r e ,   AND  g a t e   445  d o e s   r e t  

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



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

p a r a l l e l   r e s i s t o r ,   the   c u r r e n t   t h r o u g h   R 3 - d r o p s   t o  

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

by  c o m p a r a t o r s   423  and  424  w h i c h   c o m p a r e   t he   m a t r i x  

c u r r e n t   w i t h   s t a n d a r d   c u r r e n t s   b r a c k e t i n g   t h e  

a c c e p t a b l e   r u n n i n g   c u r r e n t   r a n g e .   When  the   c u r r e n t  

t h r o u g h   R3  is  in  t h i s   r a n g e ,   AND  g a t e   433  p r o d u c e s  

a  s i g n a l   w h i c h   s e t s   f l i p - f l o p   443 .   When  t h e  

a c t u a t o r   r e t u r n s   home  and  the   a c t u a t o r ' s   a s s o c i a t e d  

p a r a l l e l   r e s i s t o r   is  a g a i n   c o n n e c t e d ,   t he   R3 

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

f u l l   run  c u r r e n t   is  f i r s t   a p p l i e d .   T h i s   t i m e ,   t h e  

s i g n a l   p r o d u c e d   from  AND  g a t e   435  is  c o n c u r r e n t  

w i t h   a  s i g n a l   from  f l i p - f l o p   443 ,   and  AND  g a t e   4 4 5  

s e n d s   a  s i g n a l   to  r e s e t   f l i p - f l o p   441.   The  o u t p u t  

of  f l i p - f l o p   441  wh ich   t h e n   o c c u r s   c a u s e s   t he   r e l a y  

450  to  r e t u r n   to  the   t e s t   c u r r e n t   c o n d i t i o n .   T h e  

s i g n a l   f rom  AND  g a t e   445  a l s o   r e s e t s   f l i p - f l o p   4 4 3  

and  the   t i m e r   442,   p r e p a r i n g   them  fo r   a n o t h e r  

c y c l e .  

In  the   e v e n t   t h a t   t h e   a c t u a t o r   c y c l e   i s  

no t   c o m p l e t e d   w i t h i n   a  p r e d e t e r m i n e d   n o r m a l   p e r i o d ,  

i t   is   l i k e l y   t h a t   the   s e l e c t e d   a c t u a t o r   is   j a m m e d  

or  d e f e c t i v e .   In  o r d e r   to  a v o i d   damage   to  t h e  

a p p a r a t u s ,   t he   t i m e r   442  w i l l   r e s e t   f l i p - f l o p s   441  

and  443  i f   t he   end  of  t h a t   p r e d e t e r m i n e d   p e r i o d   i s  

r e a c h e d   b e f o r e   the   a c t u a t o r   c y c l e   is  c o m p l e t e d ,  

t h u s   r e m o v i n g   the   run  c u r r e n t   and  e n d i n g   the   c y c l e .  

D e s c r i p t i o n   of  t he   T h i r d   E m b o d i m e n t  

F i g .   6  shows  a  t h i r d   e m b o d i m e n t   of  a  

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

. 1 0 5 0   in  a c c o r d a n c e   w i t h   t h e  i n v e n t i o n .   The  p r o d u c t  

d e l i v e r y   a p p a r a t u s   1010  is   of  t h e   same  c o n s t r u c t i o n  



as  t he   p r o d u c t   d e l i v e r y   a p p a r a t u s   310  of  t h e   s e c o n d  

e m b o d i m e n t .   A s s o c i a t e d   w i t h   t he   a p p a r a t u s   1100   a r e  

vend   s e l e c t   means   1 0 9 2 ,   c o i n   t e s t   means   1 0 9 4 ,  

a c c o u n t a b i l i t y   means   1 0 9 6 ,   and  d i s p l a y   m e a n s   1 0 9 8 .  

.The  c o n t r o l   s y s t e m   1050  of  t he   a p p a r a t u s  

1100  may  be  used   in  p l a c e   of  t he   c o n t r o l   s y s t e m   3 5 0  

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

i n v e n t i o n .   The  o u t p u t s   of  the   c o n t r o l   s y s t e m   1 0 5 0  

to  the   p r o d u c t   d e l i v e r y   a p p a r a t u s   1010  a r e   r o w  

s i g n a l   l i n e s   1 0 2 1 - 1 0 2 8 ,   c o r r e s p o n d i n g   to  row  s i g n a l  

l i n e s   3 2 1 - 3 2 8   of  t he   s e c o n d   e m b o d i m e n t ,   and  c o l u m n  

s i g n a l   l i n e s   1 0 3 1 - 1 0 4 0 ,   c o r r e s p o n d i n g   to  c o l u m n  

s i g n a l   l i n e s   3 3 1 - 3 4 0   of  the   s e c o n d   e m b o d i m e n t .   T h e  

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

row  s w i t c h   means   1060  and  c o l u m n   s w i t c h   means   1 0 7 0 ,  

r e s p e c t i v e l y .   T h e s e   e m p l o y   t r a n s i s t o r s   T1-T8  a n d  

T l l - T 2 0 ,   r e s p e c t i v e l y ,   to  s w i t c h   t he   c u r r e n t  

t h r o u g h   a  s e l e c t e d   row  and  c o l u m n   to  t h e   a c t u a t o r  

a t   the   row  and  c o l u m n   i n t e r s e c t i o n ,   as  a l r e a d y  

e x p l a i n e d   in  c o n n e c t i o n   w i t h   t he   s e c o n d   e m b o d i m e n t .  

Each  of  t he   row  and  c o l u m n   s w i t c h   m e a n s  

1060  and  1070  r e c e i v e s   c o n t r o l   s i g n a l s   f rom  a  l o g i c  

c i r c u i t   means   1 0 9 0 ,   w h i c h   c o u l d   be  a  h a r d w i r e d  

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

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

of  p e r f o r m i n g   the   r e q u i r e d   f u n c t i o n s   as  o u t l i n e d  

h e r e i n .   An  I n t e l   t y p e   8035  m i c r o p r o c e s s o r   is   . 

s u i t a b l e   for   use  as  t he   l o g i c   c i r c u i t   1 0 9 0 .   T h e  

c o n t r o l   s i g n a l s   f rom  t he   l o g i c   c i r c u i t   1090  in  t h i s  

e m b o d i m e n t   a re   t r a n s m i t t e d   in  b i n a r y   d i g i t a l   f o r m  

on  row  c o n t r o l   w i r e s   1 1 6 1 ,   1162  and  1 1 6 4 ,   and  o n  

c o l u m n   c o n t r o l   w i r e s   1 1 7 1 ,   1 1 7 2 ,   1174  and  1 1 7 8 .  

Each  of  the   s w i t c h i n g   means   1060  and  1070  i n c l u d e s  

a  d e c o d e r   1062  and  1 0 7 2 ,   r e s p e c t i v e l y ,   to  d e c o d e   i n  

c o n v e n t i o n a l   f a s h i o n   the   b i n a r y   s i g n a l s   on  the   r o w  



and  c o l u m n   c o n t r o l   w i r e s   from  the   l o g i c   c i r c u i t  

1090  i n t o   s i n g l e   w i r e   s i g n a l s   to  d r i v e   t he   b a s e   o f  

a  s e l e c t e d   t r a n s i s t o r   in  each   of  t he   g r o u p s   T 1 - T 8  

and  T 1 1 - T 2 0 .   Each  of  . the  t r a n s i s t o r s   T1-T8  a n d  

T l l - T 2 0   is   c o n n e c t e d   to  an  o u t p u t   of  t h e   d e c o d e r   b y  

a  b a s e   r e s i s t o r ,   h a v i n g   a  v a l u e   s e l e c t e d   so  t h a t  

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

to  f u l l y   t u r n   on  t he   t r a n s i s t o r .  

When  the   l o g i c   c i r c u i t   1090  t r a n s m i t s   a  

c o n t r o l   s i g n a l   to  s e l e c t   a  g i v e n   a c t u a t o r ,   such   a s  

a c t u a t o r   A101  shown  in  F i g .   3,  t he   l o g i c   c i r c u i t  

1090  t r a n s m i t s   b i n a r y   row  and  c o l u m n   s i g n a l s .   I n  

t h i s   e x a m p l e ,   to  s e l e c t   a c t u a t o r   A101 ,   t he   r o w  

s i g n a l   is   000  and  the   co lumn  s i g n a l   i s   1 0 1 0 .   To 

s e l e c t   a c t u a t o r   A810 ,   the   row  s i g n a l   i s   1 1 1  

( e q u i v a l e n t   to  d e c i m a l   8)  and  the   c o l u m n   s i g n a l   i s  

1001  ( e q u i v a l e n t   to  d e c i m a l   1 0 ) .   The  d e c o d e r s   1 0 6 2  

and  1072  t r a n s l a t e   t h e s e   b i n a r y   c o n t r o l   s i g n a l s  

i n t o   l i n e   c o n t r o l   s i g n a l s ,   a c t u a t i n g   t r a n s i s t o r s   T1 

and  T11  in  t he   c a s e   of  t h e  f i r s t   e x a m p l e ,   a n d  

a c t u a t i n g   t r a n s i s t o r s   T8  and  T20  in  t he   c a s e   of  t h e  

s e c o n d   e x a m p l e .  

When  a c t u a t e d ,   t r a n s i s t o r   T1  c o n n e c t s   t h e  

n e g a t i v e   s i d e   of  t he   a c t u a t o r s   A 1 0 1 - A 1 0 8   of  r o w  1  

to  g r o u n d   t h r o u g h   a  r e s i s t o r   R3,  w h i c h   i s   a  20  ohm 

r e s i s t o r   in  t h i s   e m b o d i m e n t .   When  t r a n s i s t e r   T l l  

i s   a c t u a t e d ,   i t   c o n n e c t s   the   p o s i t i v e   s i d e   of  t h e  

a c t u a t o r s   A 1 0 1 - A 8 0 1   in  co lumn  1  by  way  of  l i n e   1 0 8 6  

to  p o w e r   s u p p l y   1 0 8 5 .   S u p p l y   1085  p r o v i d e s   e i t h e r  

a  +24VDC  power   s o u r c e   or  a  t e s t   c u r r e n t   s o u r c e .  

L o g i c   m e a n s   1090  p r o v i d e   a  c o n t r o l   s i g n a l   v i a   l i n e  

1087  w h i c h   d e t e r m i n e s   w h e t h e r   +24VDC  or  t he   t e s t  

c u r r e n t   s o u r c e   is   s u p p l i e d   on  l i n e   1 0 8 6 .   When  t h e  

+  t e r m i n a l   of  a c t u a t o r   A101  in  t h i s   f a s h i o n ,   i s  

c o n n e c t e d   to  +24VDC  and  i t s  -   t e r m i n a l   is   c o n n e c t e d  



t h r o u g h   r e s i s t o r   R3  to  g r o u n d ,   i t   i s   a c t u a t e d  

and  p r o c e e d s   t h r o u g h   a  vend  c y c l e   in  t he   u s u a l  

f a s h i o n .   S i m i l a r l y ,   t he   a c t u a t o r   can  be  c o n n e c t e d  

in  t he   same  f a s h i o n   to  the   t e s t   c u r r e n t   s o u r c e ,  
s u c h   as  t h e  5 V D C   o u t p u t   of  t he   power   s u p p l y   1 0 8 5 .  

The  m e a s u r i n g   c i r c u i t   1080  m o n i t o r s   t h e  

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

i t s   a s s o c i a t e d   p a r a l l e l   i m p e d a n c e   ( i f   any)   a n d ,   i n  

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

t he   s t a t u s   of  t he   s e l e c t e d   a c t u a t o r .   In  t h e  

m e a s u r i n g   c i r c u i t   1080  of  F i g .   6,  a  c o m p a r a t o r   1 0 8 1  

t y p i c a l l y   a  N a t i o n a l   S e m i c o n d u c t o r   t y p e   L M 3 9 0 0 ,  

c o m p a r e s   t he   c u r r e n t   t h r o u g h   a  10  k i l o h m   r e s i s t o r  

R7  a t   i t s   +  i n p u t   w i t h   s t a n d a r d   s i g n a l s   a p p l i e d   a t  

i t s  -   i n p u t .   When  the   m a g n i t u d e   of  t h e   c u r r e n t   a t  

t h e   +  i n p u t   e x c e e d s   t h a t   of  t he   c u r r e n t   a t   t h e  -  

i n p u t ,   t h e n   t he   o u t p u t   of  t he   c o m p a r a t o r   1080  o n  

w i r e   1082  is   a  l o g i c a l   " 1 " .   O t h e r w i s e ,   t he   o u t p u t  

of  t he   c o m p a r a t o r   1080  on  w i r e   1082  is   a  l o g i c a l  

" 0 " .   W i r e s   1083  and  1084  f rom  the   l o g i c   c i r c u i t  

1090  a r e   e m p l o y e d   as  a  d i g i t a l - t o - a n a l o g   c o n v e r t e r  

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

c u r r e n t s   to  t h e  -   i n p u t   of  t he   c o m p a r a t o r   1081  b y  

s e l e c t i v e l y   c o n n e c t i n g   the   r e s i s t o r s   R5  and  R6  t o  

e i t h e r   a  l o g i c a l   "1"  (+5VDC)  or  a  l o g i c a l   " 0 "  

(OVDC).  As  a  r e s u l t ,   t he   o u t p u t   on  w i r e   1082  o f  

t h e   c o m p a r a t o r   1081  i n d i c a t e s   t h e   r a n g e   of  a c t u a t o r  

c u r r e n t   c o n d i t i o n s   f rom  l o w e r   t h a n   t he   l o w e s t  

s t a n d a r d   c u r r e n t   to  h i g h e r   t h a n   the   h i g h e s t  

s t a n d a r d   c u r r e n t .  

T a b l e   I  b e l o w   shows  t y p i c a l   c u r r e n t s   f o r  

v a r i o u s   a c t u a t o r   c o n d i t i o n s   and  the   f o u r   s t a n d a r d  

c u r r e n t   c o n d i t i o n s   o b t a i n e d   when  R7  is   10  k i l o h m s ,  

R4  i s   120  k i l o h m s   ( p a s s i n g   37  A ) ,   R5  is   52  k i l o h m s  .  

( p a s s i n g   8 5  u   A)  and  R6  is   22  i l o h m s   ( p a s s i n g   2 0 0  



u  A).  4 .4   v o l t s   i s   u sed   i n s t e a d   of  5  v o l t s   i n  

c o m p u t i n g   the  c u r r e n t   b e c a u s e   of  t he   .6  v o l t   d r o p  

a c r o s s   the   e m i t t e r - b a s e   d i o d e   in  s e r i e s   w i t h   e a c h  

c o m p a r a t o r   i n p u t .   A  run  v o l t a g e   of  24VDC  i s  

e m p l o y e d .  

In  o r d e r   to  t e s t   an  a c t u a t o r ,   t he   l o g i c  

c i r c u i t   1090  f i r s t   s e l e c t s   t he   a c t u a t o r ,   a s  



p r e v i o u s l y   d e s c r i b e d ,   and  t h e n   q u i c k l y   p r o d u c e s  

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

w i r e s   1083  and  1 0 8 4 ,   w h i l e   m o n i t o r i n g   the   l o g i c  

l e v e l   on  w i r e   1 0 8 2 .   T h i s   p r o c e d u r e   a p p l i e s   each   o f  

t h e   s t a n d a r d   c u r r e n t s   to  t h e  -   i n p u t   of  t h e  

c o m p a r a t o r   1081 .   If   the   t e s t   i s   c o n d u c t e d   when  t h e  

a c t u a t o r   b e i n g   t e s t e d   s h o u l d   be  a t   t he   home 

p o s i t i o n ,   t he   o u t p u t   of  t he   c o m p a r a t o r   1081  on  w i r e  

1082  s h o u l d   be  a  l o g i c a l   "1"  when  the   f i r s t ,   s e c o n d  

and  t h i r d   s t a n d a r d s   a re   a p p l i e d ,   and  a  l o g i c a l   " 0 "  

when  the   f o u r t h  s t a n d a r d   i s   a p p l i e d .  

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

t h e   t h i r d   and  f o u r t h   s t a n d a r d s   ( w h i c h   b r a c k e t   t h e  

c u r r e n t   of  a  n o r m a l   a c t u a t o r   a t   home  p o s i t i o n )   c a n  

be  a p p l i e d   f i r s t .   I f   a  l o g i c a l   "1"  i s   o b t a i n e d   o n  

w i r e   1082  when  the   t h i r d   s t a n d a r d   c u r r e n t   i s  

a p p l i e d   to  t he   c o m p a r a t o r   1081  and  a  l o g i c a l   "0"  i s  

o b t a i n e d   when  the   f o u r t h   s t a n d a r d   i s   a p p l i e d , '   t h e  

t e s t   i n d i c a t e s   t h a t   t he   a c t u a t o r   is   n o r m a l   and  a t  

home  p o s i t i o n .   As  a  r e s u l t ,   when  t h i s   i n d i c a t i o n  

i s   o b t a i n e d ,   i t   i s   n o t   n e c e s s a r y   to  t e s t   fo r   o t h e r  

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

The  p o s s i b i l i t y   of  a  jam  is   i n d i c a t e d  

when  the   t e s t   i n d i c a t e s   t h a t   t h e   m o t o r   is   n o r m a l ,  

b u t   in  m i d - c y c l e   when  i t   s h o u l d   be  a t   home 

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

l o g i c   c i r c u i t   a u t o m a t i c a l l y   a p p l i e s   o p e r a t i n g  

c u r r e n t   to  t he   a c t u a t o r   in  q u e s t i o n   fo r   a  

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

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

t h e   m a l f u n c t i o n   s t i l l   e x i s t s ,   t h e   i d e n t i t y   of  t h e  

a c t u a t o r   and  the   n a t u r e   of  t he   m a l f u n c t i o n s   a r e  

i n d i c a t e d   on  the   d i s p l a y .  

F i g .   7  shows   t h e   f r o n t   c o n t r o l   p a n e l   7 0 0  

of  a  v e n d i n g   m a c h i n e   i n c o r p o r a t i n g   t he   t h i r d  



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 .   The  c o n t r o l  

p a n e l   700  of  t h i s   e m b o d i m e n t   i n c l u d e s   a  t h r e e   d i g i t  

d i s p l a y   791 ,   such   as  a  l i g h t   e m i t t i n g   d i o d e  

d i s p l a y ,   fo r   d i s p l a y i n g   up  to  $ 9 . 9 5   of  c r e d i t   t o  

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

s y s t e m   m a i n t e n a n c e   p e r s o n n e l .   T h i s   d i s p l a y   791  i s  

a  p a r t   of  the   d i s p l a y   means   1098  of  F i g .   6.  T h e  

c o n t r o l   p a n e l   700  a l s o   i n c l u d e s   an  i l l u m i n a t e d  

e x a c t   c h a n g e   i n d i c a t o r   793 ,   w h i c h   p r e f e r a b l y   i s  

o p e r a t e d   by  a  s y s t e m   of  t he   g e n e r a l   t y p e   d i s c l o s e d  

in  my  U . S .   P a t e n t   No.  4 , 1 8 8 , 9 6 1 ,   in  w h i c h   e x a c t  

c h a n g e   is   no t   r e q u e s t e d   u n l e s s   the   m a c h i n e   c a n n o t  

g i v e  c o r r e c t   c h a n g e   fo r   t he   u s e r ' s   c r e d i t   a n d  

p r o d u c t   s e l e c t i o n .  

The  f r o n t   c o n t r o l   p a n e l   700  a l s o   i n c l u d e s  

an  i l l u m i n a t e d   "Make  A n o t h e r   S e l e c t i o n "   i n d i c a t o r  

795  to  a d v i s e   the   u s e r   when  the   s e l e c t e d   p r o d u c t   i s  

n o t   a v a i l a b l e   or  the   a c t u a t o r   fo r   t h a t   p r o d u c t   i s  

i n o p e r a b l e .   A n ,  o p t i c a l   c o u p l e r   799  f o r   r e a d i n g  

i n f o r m a t i o n   s t o r e d   in  the   a c c o u n t a b i l i t y   means   1 0 9 6  

of  F i g .   6  is  a l s o   p r o v i d e d .  

The  f r o n t   c o n t r o l   p a n e l   700  a l s o   i n c l u d e s  

a  s e l e c t i o n   means   c o m p r i s i n g   an  a r r a y   797  o f  

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

t h e   vend  s e l e c t   means   1092  of  F i g .   6.  The  s w i t c h e s  

l a b e l e d   A  t h r o u g h   H  s e l e c t   t he   rows  of  p r o d u c t s  

( c o r r e s p o n d i n g   to  a c t u a t o r   rows  1  t h r o u g h   8 ) .   T h e  

s w i t c h e s   1  t h r o u g h   10  s e l e c t   the   c o l u m n s   o f  

p r o d u c t s   ( c o r r e s p o n d i n g   to  t he   a c t u a t o r   c o l u m n s ) .  

I t   i s   p r e f e r r e d   to  use  two  s e p a r a t e   g r o u p s   o f  

s w i t c h e s ,   such   as  a  l e t t e r   and  number   c o m b i n a t i o n  

as  shown  in  F i g .   7,  to  i d e n t i f y   t he   row  and  c o l u m n  

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

s e q u e n t i a l   e n t r y   of  two  i d e n t i f y i n g   s i g n a l s   w i t h  

t he   same  g r o u p   of  s w i t c h e s   as  in  s h a r e d   s w i t c h  



s y s t e m s .   T h i s   makes   i t   e a s i e r   f o r   a  c u s t o m e r   t o  

c h a n g e   h i s   mind  w i t h o u t   r e c e i v i n g   t h e   w r o n g  

p r o d u c t .   For  e x a m p l e ,   in  a  s h a r e d   s w i t c h - s y s t e m ,  
i f   t he   c u s t o m e r   e n t e r s   a  "2"  to  s e l e c t   a  p r o d u c t   i n  

row  2  and  t h e n   d e c i d e s   to  p u r c h a s e   a  p r o d u c t   in  r o w  

4;  he  mus t   somehow  s i g n a l   t he   s y s t e m   t h a t   he  w i s h e s  

to  s t a r t   o v e r .   I f   he  s i m p l y   e n t e r s   a  " 4 " ,   h a v i n g  

a l r e a d y   e n t e r e d   a  "2"  he  w i l l   r e c e i v e   the   p r o d u c t  

a t   row  2,  co lumn  4;  w h i c h   is   n o t   the   one  h e  

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

c o l u m n   and  row  s e l e c t i o n ,   t he   s e l e c t i o n   means   a n d  

l o g i c   c i r c u i t   can  be  a r r a n g e d   to  a c c e p t   o n l y   a  

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

( l a b e l e d   A  t h r o u g h   H  h e r e )   in  s e q u e n c e   w i t h   a  

s i g n a l   f rom  the   o t h e r   s e t   of  s w i t c h e s   ( l a b e l e d   1 

t h r o u g h   10  h e r e . )   As  a  r e s u l t ,  a   c h a n g e   in  c h o i c e  

f rom  the   s e c o n d   to  the   f o u r t h   row  w o u l d   c a u s e   t h e  

c u s t o m e r   to  f i r s t   p r e s s   "B"  and  t h e n   p r e s s   " D " .  

The  s y s t e m   w i l l   a u t o m a t i c a l l y   i g n o r e   t he   f i r s t  

s i g n a l   f rom  the   l e t t e r e d   s w i t c h   ("B"  in  t h i s   c a s e )  

i f   a  s i g n a l   from  a n o t h e r   l e t t e r e d   s w i t c h   ("D"  i n  

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

s e l e c t i o n   s i g n a l   f rom  t he   s w i t c h e s   l a b e l l e d   1 

t h r o u g h   10  b e f o r e   c o m p l e t i n g   t he   t r a n s a c t i o n .  

D e s c r i p t i o n   of  t h e   F o u r t h   E m b o d i m e n t  

F i g .   8  is   a  g e n e r i c   s c h e m a t i c   b l o c k  

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

800  i n c o r p o r a t i n g   a  v e n d i n g   m a c h i n e   c o n t r o l   a n d  

d i a g n o s t i c   a p p a r a t u s   850  in  a c c o r d a n c e   w i t h  t h e  

i n v e n t i o n .   The  p r o d u c t   d e l i v e r y   a p p a r a t u s   810  i s  

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

a p p a r a t u s   310  and  1010  of  t h e   s e c o n d   and  t h i r d  

e m b o d i m e n t s .   The  d i f f e r e n c e s   w i l l   be  e x p l a i n e d  



b e l o w   in  c o n n e c t i o n   w i t h   F i g s .   8  &  9.  Only  one  o f  

the   a c t u a t o r s   A8  and  i t s   a s s o c i a t e d   c o m p o n e n t s   i s  

shown  in  F i g .   8;  h o w e v e r ,   i t   w i l l   be  c l e a r   to  t h o s e  

s k i l l e d   in  t he   a r t   how  a d d i t i o n a l   a c t u a t o r s  c a n   b e  

e m p l o y e d   in  c o n n e c t i o n   w i t h   t h i s   e m b o d i m e n t .  

C o n t r o l l i n g   the   p r o d u c t   d e l i v e r y  

a p p a r a t u s   810  i s   t h e   v e n d i n g  c o n t r o l   and  d i a g n o s t i c  

a p p a r a t u s   8 5 0 .   I n c l u d e d   w i t h i n   t h a t   a p p a r a t u s   8 5 0  

a r e   an  a c t u a t o r   s e l e c t o r   820 ,   a  t e s t   c i r c u i t   830 ,   a 

power   s u p p l y   835 ,   and  a  l o g i c   c i r c u i t   890  w h o s e  

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

named  c o m p o n e n t s   of  the   p r e v i o u s l y   d e s c r i b e d  

e m b o d i m e n t s .   The  a p p a r a t u s   850  a l s o   i n c l u d e s   a n  
i n d u c t o r   L3  in  p l a c e   of  the   r e s i s t o r   R3  of  t h e  

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

d e l i v e r y   a p p a r a t u s   810  i n c o r p o r a t e s   an  a c t u a t o r   A 8 .  

In  p a r a l l e l   w i t h   t he   a c t u a t o r   A8  is  a  s e r i e s  

c o n n e c t e d   s w i t c h   S8  and  i m p e d a n c e   e l e m e n t ,  

c a p a c i t o r   Cl .   The  s w i t c h   S8  is   o p e r a t e d   by  t h e  

a c t u a t o r   A8  in  a  s i m i l a r   f a s h i o n   to  t h a t   p r e v i o u s l y  

d e s c r i b e d   in  c o n n e c t i o n   w i t h   the   o t h e r   e m b o d i m e n t s .  

A l so   i n   p a r a l l e l   w i t h   the   a c t u a t o r   A8  is  a  d i o d e   D2 

w h i c h   is   p r o v i d e d   to  r e d u c e   s w i t c h i n g   n o i s e .  

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

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

i t   e m p l o y s   an  AC  t e s t   s i g n a l ,   w h e r e a s   t h e  

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

s i g n a l .  

The  l o g i c   c i r c u i t   890  s e n d s   s e l e c t i o n  

s i g n a l s   v i a   w i r e   891  to  t he   a c t u a t o r   s e l e c t o r   8 2 0 ,  

c a u s i n g   i t   to  c o n n e c t   one  t e r m i n a l   of  t he   d e s i r e d  

a c t u a t o r   to  the   power   s u p p l y   835  and  the   o t h e r  

t e r m i n a l   to  i n d u c t o r   L3  and  the   t e s t   c i r c u i t   8 3 0 .  

The  l o g i c   c i r c u i t   890  a l s o   c o n t r o l s   t he   o u t p u t   o f  

t h e   power   s u p p l y   835  v i a   s i g n a l s   on  w i r e   8 9 2 .  



The  power   s u p p l y   835  p r o d u c e s   an  AC  t e s t  

s i g n a l   and  a  r u n n i n g   or  power   c u r r e n t   w h i c h   i s  

e i t h e r   DC  or  a  d i f f e r e n t   f r e q u e n c y   ( u s u a l l y   l o w e r )  

AC  t h a n   the   t e s t   s i g n a l .   The  t e s t   c i r c u i t   83.0  i s  

a r r a n g e d   to  d i s t i n g u i s h   b e t w e e n   the   t e s t   a n d  

r u n n i n g   c u r r e n t s .   The  t e s t   c i r c u i t   830  i n c l u d e s   a  

run  s i g n a l   d e t e c t o r   831 ,   i n c o r p o r a t i n g   a  f r e q u e n c y  

f i l t e r   832  and  a  run  s i g n a l   d e t e c t i o n   c i r c u i t   8 3 3 ,  

and  a  t e s t   s i g n a l   d e t e c t o r   834  i n c o r p o r a t i n g   a  

f r e q u e n c y   f i l t e r   835  and  a  t e s t   s i g n a l   d e t e c t i o n  

c i r c u i t   836.   The  m a n n e r   of  o p e r a t i o n   of  t h e  

e m b o d i m e n t   w i l l   be  e x p l a i n e d   in  g r e a t e r   d e t a i l   i n  

c o n n e c t i o n   w i t h   one  v e r s i o n   of  t h i s   e m b o d i m e n t  

shown  in  F i g s .   9  and  1 0 .  

F i g .   9  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   o f  

one  v e r s i o n   of  the   f o u r t h   e m b o d i m e n t   of  F i g .   8 

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

a p p a r a t u s   2010  h a v i n g   a  m a t r i x   of  a c t u a t o r s .  

A s s o c i a t e d   w i t h   t he   a p p a r a t u s   2100  a r e   vend   s e l e c t  

means   2092 ,   c o i n   t e s t   means   2094 ,   a c c o u n t a b i l i t y  

means   2 0 9 6 ,   and  d i s p l a y   means   2 0 9 8 ,   e a c h  

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

d e s c r i b e d   in  c o n n e c t i o n   w i t h   t he   t h i r d   e m b o d i m e n t .  

The  c o n t r o l   s y s t e m   2050  of  t he   a p p a r a t u s   2 1 0 0  

c o r r e s p o n d s   to  t h e   c o n t r o l   s y s t e m   350  of  t he   s e c o n d  

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

v e n d i n g   c o n t r o l   and  d i a g n o s t i c   a p p a r a t u s   2 0 5 0 '  

c o n t r o l s   t he   p r o d u c t   d e l i v e r y   a p p a r a t u s   2 0 1 0 .  

L i k e   t h e   s e c o n d   and  t h i r d   e m b o d i m e n t s ,  

the   o u t p u t s   of  t he   c o n t r o l   s y s t e m   2050  a r e  

c o n n e c t e d   to  t he   p r o d u c t   d e l i v e r y   a p p a r a t u s   2010  b y  

row  and  c o l u m n   s i g n a l   l i n e s   2020  and  2 0 3 0 .   The  r o w  

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

s w i t c h   means   2060  and  c o l u m n   s w i t c h   means   2 0 7 0 ,  

r e s p e c t i v e l y .   Each  of  t he   row  and  c o l u m n   s w i t c h  



means   2060  and  2070  r e c e i v e s   c o n t r o l   s i g n a l s   f r o m  a  

l o g i c   c i r c u i t   means   2090 ,   w h i c h   can  be  c o n s t r u c t e d  

in  any  of  the  ways  p r e v i o u s l y   d i s c u s s e d .   Each  o f  

the   s w i t c h i n g   means   2060  and  2070  i n c l u d e s   a  

d e c o d e r   2062  and  2 0 7 2 ,   r e s p e c t i v e l y ,  t o   d e c o d e   i n  

c o n v e n t i o n a l   f a s h i o n   the  b i n a r y   s i g n a l s   on  the   r o w  

and  c o l u m n   w i r e s   2160  and  2170  f rom  the   l o g i c  

c i r c u i t   2090  i n t o   a  form  a p p r o p r i a t e   to  d r i v e   t h e  

s e l e c t e d   row  s w i t c h   and  c o l u m n   s w i t c h   c i r c u i t s   2 2 6 0  

and  2 2 7 0 .  

F i g .   10  shows  d e t a i l s   of  DC  and  AC  t e s t  

c i r c u i t s   2180  and  2280 ,   row  and  c o l u m n   s w i t c h   m e a n s  

2060  and  2070 ,   power   s u p p l y   2 0 8 5 ,   and  a  p r o d u c t  

d e l i v e r y   a p p a r a t u s   2010  s u i t a b l e   fo r   t h i s   f o u r t h  

e m b o d i m e n t .  

The  p r o d u c t   d e l i v e r y   a p p a r a t u s   2 0 1 0  

i n c l u d e s   at   l e a s t   one  p r o d u c t   d e l i v e r y   DC  a c t u a t o r  

A 2 1 1 0 ,   such   as  a  r o t a r y   m o t o r .   L ike   the   a c t u a t o r s  

of  t he   p r e v i o u s   e m b o d i m e n t s ,   t he   a c t u a t o r   A2110  i s  

in  p a r a l l e l   w i t h   a  s e r i e s   c o n n e c t e d   s w i t c h   S 2 1 1 0  

and  i m p e d a n c e   e l e m e n t ,   bu t   in  t h i s   c a s e   t h e  

i m p e d a n c e   e l e m e n t   is   a  O . l u f d   c a p a c i t o r   C1.  A l s o  

in  p a r a l l e l   w i t h   the   a c t u a t o r   A2110  is   a  d i o d e   D 2 .  

A l t h o u g h   o n l y   one  a c t u a t o r   A2110  is  shown  in  F i g .  

10,  i t   w i l l   be  c l e a r   to  t h o s e   s k i l l e d   in  t he   a r t  

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

m a t r i x   a r r a n g e m e n t   l i k e   t h a t   of  F i g :   3  in  w h i c h  

a c t u a t o r   A2110  wou ld   be  the   a c t u a t o r   in  t he   f i r s t  

row  and  the   t e n t h   c o l u m n ,   t he   p o s i t i o n  

c o r r e s p o n d i n g   to  t h a t   of  a c t u a t o r   A110  in  F i g .   3 .  

In  c a s e s   of  m a t r i x   a r r a y s ,   a  d i o d e   Dl  c o r r e s p o n d i n g  

to  t he   s e r i e s   d i o d e s   of  F i g .   3,  wou ld   be  c o n n e c t e d  

in  s e r i e s   w i t h   each   m o t o r   as  shown  in  F i g .   1 0 .  

The  s e l e c t i o n   of  t he   a c t u a t o r   i s  

a c c o m p l i s h e d   in  the   same  way  d i s c l o s e d   w i t h   r e s p e c t  



to  t he   t h i r d   e m b o d i m e n t .   The  l o g i c   c i r c u i t   2 0 9 0  

no t   shown  in  F i g .   10  t r a n s m i t s   row  and  c o l u m n  

s e l e c t   s i g n a l s   a l o n g   l i n e s   2160  and  2170  to  the   r o w  

and  c o l u m n   s w i t c h   means   2060  and  2070 .   I f   t h e s e  

s i g n a l s   a r e   c o d e d   in  a  way  no t   a p p r o p r i a t e   f o r  

d i r e c t   c o n t r o l   of  t he   row  and  c o l u m n   s w i t c h  

c i r c u i t s   2260  and  2270 ,   t h e y   a r e   d e c o d e d   by  t h e  

d e c o d e r s   2062  a n d . 2 0 7 2 .   Only  one  of  e a c h   of  t h e  

i n d i v i d u a l   row  and  co lumn   s w i t c h e s   2 2 6 1 - 2 2 6 8   a n d  

2 2 7 1 - 2 2 8 0   is  shown  in  d e t a i l   in  F i g .   10,  row  s w i t c h  

2261  c o n t r o l l i n g   row  1  and  c o l u m n   s w i t c h   2 2 8 0  

c o n t r o l l i n g   c o l u m n   10.  The  row  and  c o l u m n   s w i t c h e s  

2 2 6 2 - 2 2 6 8   and  2 2 7 1 - 2 2 7 9   a r e   of  s i m i l a r  

c o n s t r u c t i o n s .   Each  of  t h e s e   s w i t c h e s   2 2 6 1 - 2 2 6 8  

and  2 2 7 1 - 2 2 8 0   i s   a  c o n v e n t i o n a l   t y p e   of  t r a n s i s t o r  

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

c l e a r   f rom  F i g .   10  to  t h o s e   s k i l l e d   in  t he   a r t .  

The  p o w e r   s u p p l y   2085  in  t h i s   v e r s i o n  

i n c l u d e s   t h e   5  and  24VDC  s o u r c e s   of  t he   p r e v i o u s  

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

(AC) .   S u i t a b l e   AC  fo r   t h i s   e m b o d i m e n t   is   100  t o  

200  k i l o h e r t z   a t   5  v o l t s   RMS.  U n l i k e   the   p r e v i o u s  

e m b o d i m e n t s   in  w h i c h   5VDC  i s   used   as  t he   t e s t  

s i g n a l ,   in  t h i s   e m b o d i m e n t   t he   5VDC  is   used   s o l e l y  

as  a  power   s o u r c e   f o r   some  of  t h e   c i r c u i t s .   T h e  

t e s t   s i g n a l   i s   t he   AC  s i g n a l .   The  AC  s i g n a l   a n d  

t h e   24VDC  s i g n a l   a r e   c o m b i n e d   on  a  s i n g l e   w i r e .  

A p p r o p r i a t e   b l o c k i n g   means   a re   p r o v i d e d   c o m p r i s i n g  

a  20  m i l l i h e n r y   i n d u c t o r   in  t he   24VDC  l i n e   and  a  

s e r i e s   c o n n e c t e d   470  ohm  r e s i s t o r   and  . O l u f d  

c a p a c i t o r   in  t he   AC  l i n e .   The  c o m b i n e d   AC/24VDC 

s i g n a l   is  t h e n   s u p p l i e d   v i a   l i n e   2086  to  e a c h   o f  

t h e   c o l u m n   s w i t c h e s   2 2 7 1 - 2 2 8 0 .   As  shown  in  t h e  

c a s e   of  c o l u m n   s w i t c h   2 2 8 0 ,   when  t h a t   s w i t c h  

r e c e i v e s   a  s i g n a l   f rom  the   l o g i c   means   2090  v i a   t h e  



c o l u m n   d e c o d e r   2 0 7 2 ,   t r a n s i s t o r   T2020  is   s w i t c h e d  

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

AC/24VDC  s i g n a l   to  p a s s   v i a   l i n e   2040  to  t h e  

a c t u a t o r s   in  c o l u m n   10  of  the   p r o d u c t   d e l i v e r y  

means   2 0 1 0 .   The  row  s w i t c h e s   2 2 6 1 - 2 2 6 8   c o n n e c t   t o  

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

s w i t c h e s   2 2 7 1 - 2 2 8 0 .   When  a  row  s w i t c h , '   s u c h   a s  

s w i t c h   2261 ,   is   a c t i v a t e d   by  a  s i g n a l   f rom  t h e  

l o g i c   means   2090  as  d e c o d e d   by  row  d e c o d e r   2 0 6 2 ,  

the   AC/24VDC  s i g n a l   f l o w s   t h r o u g h   the   a c t u a t o r   v i a  

l i n e   2021  and  t he   s w i t c h i n g   t r a n s i s t o r   T 2 0 0 1 .   T h e  

3  m i l l i h e n r y   i n d u c t a n c e   p e r m i t s   mos t   of  t h e   DC 

c u r r e n t   to  f l o w   to  g r o u n d ,   c o m p l e t i n g   t he   DC  p o w e r  

c i r c u i t   fo r   t he   a c t u a t o r ,   bu t   i t   b l o c k s   t he   AC 

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

t he   DC  s i g n a l )   to  the   t e s t   c i r c u i t   2 0 8 0 .  

The  t e s t   c i r c u i t   2080  in  t h i s   e m b o d i m e n t  

c o m p r i s e s   a  DC  t e s t   c i r c u i t   2180  and  an  AC  t e s t  

c i r c u i t   2 2 8 0 .   The  DC  t e s t   c i r c u i t   s i m p l y   c o m p a r e s  

the   DC  c u r r e n t   a t   one  i n p u t   of  i t s   c o m p a r a t o r   2 1 8 1  

w i t h   a  r e f e r e n c e   c u r r e n t   f rom  a  d i v i d e r   c i r c u i t .   A 

10  k i l o h m   s e r i e s   r e s i s t o r   and  a  . O l u f d   c a p a c i t o r   a t  

t he   i n p u t   of  t he   DC  t e s t   c i r c u i t   2180  b l o c k   the   AC 

s i g n a l .  

The  AC  t e s t   c i r c u i t   f i r s t   b l o c k s   t he   DC 

c o m p o n e n t   of  t he   s i g n a l   w i t h   a  2 2 0 p f d   s e r i e s  

c a p a c i t o r ,   t h e n   a m p l i f i e s   the   AC  p o r t i o n   of  t h e  

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

s i g n a l   w i t h   a  d i o d e   D3,  f i l t e r s   t he   r e s u l t i n g  

d i r e c t   c u r r e n t   w i t h   an  RC  f i l t e r   and  a p p l i e s   i t   t o  

the   c o m p a r a t o r   2281  fo r   c o m p a r i s o n   w i t h   t h e  

r e f e r e n c e   c u r r e n t   f rom  t he   d i v i d e r   c i r c u i t .  

When  t he   AC/24VDC  s i g n a l   i s   f i r s t   a p p l i e d  

to  an  a c t u a t o r   a t   home  p o s i t i o n ,   s u c h   as  a c t u a t o r  

A2110 ,   t he   c o r r e s p o n d i n g   m o t o r   s w i t c h   S2110  i s  



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

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

c o m p o n e n t   a p p e a r s   on  l i n e   2088  a t   t he   i n p u t   to  t h e  

t e s t   c i r c u i t   2080 .   As  a  r e s u l t ,   t he   o u t p u t   of  t h e  

DC  t e s t   c i r c u i t   2280  i s   0  v o l t s ,   l o g i c a l   "0"  a n d  

the   o u t p u t   of  t h e   AC  t e s t   c i r c u i t   i s   5  v o l t s ,   a  

l o g i c a l   " 1 " .  

When  the   a c t u a t o r   A2110  b e g i n s   to  m o v e ,  
s w i t c h   S2110  is   c l o s e d .   As  a  r e s u l t ,   the   AC  s i g n a l  

can  p a s s   t h r o u g h   Cl  t h e   O . l u f d   c a p a c i t o r   w h i c h   i s  

in  s e r i e s   w i t h   s w i t c h   S2110  and  b o t h   AC  and  DC 

c o m p o n e n t s   w i l l   a p p e a r   on  l i n e   2088  a t   t he   i n p u t   t o  

the   t e s t   c i r c u i t   2 0 8 0 .   As  a  r e s u l t ,   a  l o g i c a l   " 0 "  

w i l l   a p p e a r   a t   t he   o u t p u t   of  b o t h   the   DC  and  AC 

t e s t   c i r c u i t s   2180  and  2 2 8 0 .  

When  the   a c t u a t o r   A2110  r e t u r n s   to  h o m e  

p o s i t i o n ,   t he   s w i t c h   S2110  o p e n s   and  the   AC  t e s t  

c i r c u i t   o u t p u t   r e t u r n s   to  " 1 " .   T h i s   s i g n a l s   t h e  

l o g i c   means   2090  to  t r a n s m i t   a  s i g n a l   to  t he   p o w e r  

s u p p l y   2085  to  c u t   o f f   t h e   p o w e r .   When  t h i s   i s  

d o n e ,   t he   o u t p u t s   of  b o t h   t e s t   c i r c u i t s   2180  a n d  

2280  r e v e r t   to  " 1 " .  

I t   w i l l   be  c l e a r   f rom  t he   f o r g o i n g  

d i s c u s s i o n   t h a t   t h e   o u t p u t s   of  t he   two  t e s t  

c i r c u i t s   2180  and  2280  a r e   i n d i c a t i v e   of  t he   s t a t u s  

of  the   s e l e c t e d   a c t u a t o r .   The  i n d i c a t i o n s   a r e  

s u m m a r i z e d   in  t he   f o l l o w i n g   t a b l e   I I .  





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

p r o d u c t   d e l i v e r y   means   ( 1 0 ) ,   s a i d   p r o d u c t   d e l i v e r y  

m e a n s   c o m p r i s i n g   an  e l e c t r i c a l l y   o p e r a t e d  a c t u a t o r   ( A 1 0 1 )  

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

i m p e d a n c e   e l e m e n t   (R101)   and  a  c i r c u i t   o p e n i n g   s w i t c h  

( S 1 0 1 ) ,   t h e   i m p e d a n c e   e l e m e n t   and  t h e   s w i t c h   b e i n g  

c o n n e c t e d   e l e c t r i c a l l y   in   s e r i e s   w i t h   e a c h   o t h e r   and  i n  

a  p a r a l l e l   c i r c u i t   w i t h   t h e   a c t u a t o r ,   and  t h e   o p e n i n g  

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

o p e r a t i o n   of   t h e   a c t u a t o r ;   and  means   (30)  f o r   d e t e c t i n g  

t h e   i m p e d a n c e   of  t h e   p a r a l l e l   c i r c u i t   ( A 1 0 1 , R 1 0 1 , S 1 0 1 ) .  

2.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   1 ,  

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

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

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

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

f rom  t h a t   o f   s a i d   a c t u a t o r .  

3.  V e n d i n g   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   c h a r a c t e r i s e d   by  means   ( 3 3 5 , S 5 )   f o r   a p p l y i n g   t o  

t h e   p a r a l l e l   c i r c u i t   a  DC  t e s t   c u r r e n t   w h i c h   i s   i n c a p a b l e  

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

d e t e c t i o n .  



4.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   3 ,  

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

(335)   and  in  t h a t   t h e   a c t u a t o r   i s  o p e r a t e d   by  d i r e c t  

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

5.  V e n d i n g   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 h a r a c t e r i s e d   by  means   ( 8 3 5 , F i g . 8 )   f o r   a p p l y i n g  

to   t h e   p a r a l l e l   c i r c u i t   an  AC  t e s t   c u r r e n t   w h i c h   i s  

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

of  i m p e d a n c e   c h a n g e   d e t e c t i o n ,   and  in   t h a t   t h e  

i m p e d a n c e   e l e m e n t   i s   a  c a p a c i t o r   ( C l ) .  

6.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   5 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   means   f o r   d e t e c t i n g   c h a n g e s  

in  i m p e d a n c e   c o m p r i s e s   f i l t e r   means   (835)  f o r   s e p a r a t i n g  

t e s t   c u r r e n t   f r o m   t h e   c u r r e n t   u s e d   to   o p e r a t e   t h e  

a c t u a t o r .   , 

7.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   5  o r  

c l a i m   6,  f u r t h e r   c h a r a c t e r i s e d   by  a  d i r e c t   c u r r e n t  

p o w e r   s o u r c e   (835)   and  in  t h a t   t h e   a c t u a t o r   i s   o p e r a t e d  

by  d i r e c t   c u r r e n t   f rom  s a i d   p o w e r   s o u r c e .  



8.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   5  o r  

c l a i m   6,  f u r t h e r   c h a r a c t e r i s e d   by  a  s o u r c e   o f  

a l t e r n a t i n g   c u r r e n t   (835)   of  s u b s t a n t i a l l y   d i f f e r e n t  

f r e q u e n c y   f r o m   t h a t   of   t h e   t e s t   c u r r e n t ,   and   in   t h a t  

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

t h e   p o w e r   s o u r c e .  

9.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   any  o f  

c l a i m s   1  to   8,  c h a r a c t e r i s e d   in   t h a t   t h e   a c t u a t o r   o u t p u t  

(D201)  has   a  home  p o s i t i o n   w h i c h   i s   i t s   n o r m a l   s t a r t -  

s t o p   p o s i t i o n   and  t h e   s w i t c h   i s   o p e n - c i r c u i t e d   e x c e p t  

when  t h e   a c t u a t o r   i s   in   t h e   home  p o s i t i o n .  

10.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in  any  o f  

c l a i m s   1  to   8,  c h a r a c t e r i s e d   in   t h a t   t h e   a c t u a t o r   o u t p u t  

(D201)  h a s   a  home  p o s i t i o n   w h i c h   i s   i t s   n o r m a l   s t a r t -  

s t o p   p o s i t i o n   and   t h e   s w i t c h   i s   s h o r t - c i r c u i t e d   e x c e p t  

when  t h e   a c t u a t o r   i s   i n  t h e   home  p o s i t i o n .  

11.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   any  o f  

c l a i m s   1  to   10,   c h a r a c t e r i s e d   in   t h a t   a  p l u r a l i t y   of   s a i d  

a c t u a t o r s   (A101  t o   A810)  a r e   a r r a n g e d   in   an  e l e c t r i c a l  

m a t r i x   w i t h   one  e l e c t r i c a l   t e r m i n a l   of   e a c h   a c t u a t o r  

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

t e r m i n a l s   of  t h e   a c t u a t o r s   in   t h e   same  row  and  a n o t h e r  



e l e c t r i c a l   t e r m i n a l   of   e a c h   a c t u a t o r   c o n n e c t e d   in  common 

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

in   t h e   same  c o l u m n .  

12.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   1 1 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   a c t u a t o r s   a r e   p h y s i c a l l y  

a r r a n g e d   in   a  m a t r i x   of  rows  and  c o l u m n s   c o r r e s p o n d i n g  

to   t h e   e l e c t r i c a l   m a t r i x .  

13.   V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   1 1 ,  

f u r t h e r   c h a r a c t e r i s e d   by  a  d i o d e   in   s e r i e s   w i t h   e a c h  

a c t u a t o r .  

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

one   p r o d u c t   d e l i v e r y   means   ( 1 0 ) ,   s a i d   p r o d u c t   d e l i v e r y  

means   c o m p r i s i n g   an  e l e c t r i c a l l y   o p e r a t e d   a c t u a t o r   ( A 1 0 1 )  

f o r   d e l i v e r y   of  p r o d u c t s ,   and  c h a r a c t e r i s e d   by  a  c i r c u i t  

( A 1 0 1 , R 1 0 1 , S 1 0 1 )   a r r a n g e d   s u c h   t h a t   i t s   i m p e d a n c e   i s  

c o n t r o l l e d   by  t h e   o p e r a t i o n   of   t h e   a c t u a t o r ;   a n d  

means   (30)  f o r   d e t e c t i n g   t h e   i m p e d a n c e   of   t h e   c i r c u i t .  

15.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in  any  p r e c e d i n g  

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

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

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

t h e   a c t u a t o r   o u t p u t   and  t h e   c o n d i t i o n   o f   t h e   a c t u a t o r .  



16.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   any  p r e c e d i n g  

c l a i m ,   c h a r a c t e r i s e d   by  m e a n s   ( 1 0 9 0 , F i g . 6 )   f o r   a u t o m a t i -  

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

v e n d i n g   o p e r a t i o n   t o   c h e c k   w h e t h e r   or   n o t   t h e   i m p e d a n c e  

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

s t a r t i n g   p o s i t i o n   and  in   an  o p e r a b l e   c o n d i t i o n .  

17.  V e n d i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   1 6 ,  

c h a r a c t e r i s e d   b y  m e a n s   ( 1 0 9 0 , F i g . 6 )   f o r   p r e v e n t i n g   a  

v e n d i n g   o p e r a t i o n   when  t h e   i m p e d a n c e   i s   n o t   i n d i c a t i v e  

of   s u c h   p o s i t i o n   and  c o n d i t i o n .  
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