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Refrigeration  system  for  a  chilled  product  vending  system. 

©  A  control  circuit  for  cycling  the  evaporator  fans 
on  and  off  independently  of  the  operation  of  the  com- 
pressor  of  the  refrigeration  system  is  described.  The 
evaporator  fan  is  cycled  on  with  the  compressor  and 
continues  to  run  during  the  entire  compressor  ON  cycle. 
A  first  timer  causes  the  evaporator  fan  to  run  for  an 
additional  delay  period  following  the  cycling  OFF  of  the 
compressor  and  the  fans  continue  to  blow  air  over  the 
evaporator  coil  until  the  temperature  of  the  evaporator 

Q|  coil  is  sufficiently  above  the  freezing  point  of  water 
(32°F,  0°C).  The  fans  are  then  cycled  off.  A  second 
cycling  timer  is  provided  to  intermittently  cycle  the  eva- 

10*  porator  fans  on  and  off  for  predetermined  short  intervals 
*2  following  the  above-described  delay  period,  and  during 
CO  the  time  when  the  compressor  is  off.  A  third  timer  is 
CO  provided  to  preclude  freezing  of  the  vended  products 

and/or  the  evaporator  coil  when  a  vending  machine  is 
W  disposed  in  a  below  freezing  environment.  This  timer 
10  is  enabled  when  the  thermostatic  temperature  switch 
Q   which  controls  the  compressor  opens,  and  will  time  out 

to  cycle  on  the  evaporator  fans  for  continuous  operation 
O   f°r  a  predetermined  period  of  time  if  the  temperature 

switch  remains  open  in  excess  of  a  predetermined 
^   period  of  time. 
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A   control  circuit  for  cycling  the  evaporator  fans 
on  and  off  independently  of  the  operation  of  the  com- 
pressor  of  the  refrigeration  system  is  described.  The 
evaporator  fan  is  cycled  on  with  the  compressor  and 
continues  to  run  during  the  entire  compressor  ON  cycle. 
A  first  timer  causes  the  evaporator  fan  to  run  for  an 
additional  delay  period  following  the  cycling  OFF  of  the 
compressor  and  the  fans  continue  to  blow  air  over  the 
evaporator  coil  until  the  temperature  of  the  evaporator 
coil  is  sufficiently  above  the  freezing  point  of  water 
(32°F,  0°C).  The  fans  are  then  cycled  off.  A  second 
cycling  timer  is  provided  to  intermittently  cycle  the  eva- 
porator fans  on  and  off  for  predetermined  short  intervals 
following  the  above-described  delay  period,  and  during 
the  time  when  the  compressor  is  off.  A  third  timer  is 
provided  to  preclude  freezing  of  the  vended  products 
and/or  the  evaporator  coil  when  a  vending  machine  is 
disposed  in  a  below  freezing  environment.  This  timer 
is  enabled  when  the  thermostatic  temperature  switch 
which  controls  the  compressor  opens,  and  will  time  out 
to  cycle  on  the  evaporator fans  for  continuous  operation 
for  a  predetermined  period  of  time  if  the  temperature 
switch  remains  open  in  excess  of  a  predetermined 
period  of  time. 



  BACKGROUND  OF  THE  INVENTION 

Field   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  energy  c o n s e r v a t i o n  

system  for  c h i l l e d - p r o d u c t   vending  mach ines .   More  s p e c i f i c a l l y ,  

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  c o n t r o l   c i r c u i t   for  a  c o n v e c -  

t ion  type  r e f r i g e r a t i o n   system  for  a  vending  machine  which  d i s -  

penses  c h i l l e d   p r o d u c t s   such  as  beve rage   cans  or  b o t t l e s .  

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

H e r e t o f o r e ,   in  r e f r i g e r a t i o n   systems  of  v e n d i n g  

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

and  an  e v a p o r a t o r   fan,  the  compres so r   has  been  cycled   ON  and  OFF 

under  the  c o n t r o l   of  a  t h e r m o s t a t ,   and  the  e v a p o r a t o r   f a n ,  

which  blows  a i r   over  the  e v a p o r a t o r   c o i l   to  c i r c u l a t e   c h i l l e d  

air   t h r o u g h o u t   the  vending   machine ,   has  been  run  c o n t i n u o u s l y  

even  dur ing   the  p e r i o d s   when  the  compresso r   was  OFF.  The  u n -  

n e c e s s a r y   high  energy  usage  and  waste  caused  by  the  c o n t i n u o u s  

running  of  the  e v a p o r a t o r   fan  or  f ans ,   has  become  a  problem  w i t h  

the  c u r r e n t   high  cost   of  ene rgy .   One  l o g i c a l   s o l u t i o n   to  r e -  

ducing  the  consumpt ion   of  energy  is  to  cycle   the  e v a p o r a t o r   f a n  

motor  ON  and  OFF  with  the  compessor   thus  d e c r e a s i n g   the  r u n n i n g  

time  of  the  e v a p o r a t o r   fan.   However,  t h i s   approach   c a u s e s  

s e v e r a l   p r o b l e m s ,   the  d i s c o v e r y   of  which  are  pa r t   of  the  p r e s e n t  

i n v e n t i o n .  

F i r s t l y ,   if  the  e v a p o r a t o r  f a n   is  cyc led   off   in  s y n c h r o n -  

ism  with  the  t u r n i n g   OFF  of  the  c o m p r e s s o r ,   f r e e z e   up  of  t h e  

e v a p o r a t o r   c o i l   can  occur  in  humid,  high  t e m p e r a t u r e   c o n d i -  

t i o n s .   S e c o n d l y ,   by  keeping   the  e v a p o r a t o r   fan  shut  off   d u r i n g  



the  c o m p r e s s o r   off   c y c l e s ,   l a r g e   v a r i a t i o n s   in  t e m p e r a t u r e   i n  

the  vend ing   machine  occur ,   c r e a t i n g   l a r g e   v a r i a t i o n s   in  t e m p e r -  

a t u r e   of  t h e - n e x t   to  be  vended  p r o d u c t s .   Also,   du r ing   th is   o f f  

p e r i o d   of  the  e v a p o r a t o r   fan,   l a r g e   v a r i a t i o n s   of  t e m p e r a t u r e  

occur  t h r o u g h o u t   the  vending  machine  due  to  lack   of  a i r   f l o w ,  

and  t e m p e r a t u r e s   sensed  by  the  t h e r m o s t a t   which  c o n t r o l s   t h e  

c o m p r e s s o r   c y c l i n g   are  l e s s   a c c u r a t e   than  d e s i r a b l e .   T h i r d l y ,  

when  vend ing   machines   are  l o c a t e d   in  below  f r e e z i n g   e n v i r o n m e n t s ,  

,;  (32°F)  an  i d y l  c o n d i t i o n   o f   the  e v a p o r a t o r   fan  may  permi t   t h e  

c h i l l e d   p r o d u c t s   to  f r e e z e .   That  i s ,   when  the  e v a p o r a t o r  

fan  is  r u n n i n g   a n d  b l o w i n g   a i r   over  the  e v a p o r a t o r   co i l   and  

t h r o u g h o u t   the  vending   machine ,   t h i s   flow  o f  a i r   d i s s i p a t e s   h e a t  

g e n e r a t e d   by  the  e v a p o r a t o r   fan  motors   thus  a c t i n g   as  a  h e a t e r  

to  p r e v e n t   the  s t o r e d   p r o d u c t s   from  f r e e z i n g .   Thus,  the  a f o r e -  

men t ioned   p roblems  e x i s t   when  the  e v a p o r a t o r   fan  is  p e r m i t t e d  

to  cyc l e   on  and  off   wi th   the  c o m p r e s s o r ,   even  though  a  s u b s t a n -  

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

A c c o r d i n g l y ,   a  need  in  the  a r t   e x i s t s  f o r   a  system  w h i c h  

w i l l   r educe   the  consumpt ion   of  energy   in  the  r e f r i g e r a t i o n  

system  of  a  vending   machine ,   but  w i l l   at  the  same  time  s o l v e  

the  a f o r e m e n t i o n e d   p roblems  of  e v a p o r a t o r   c o i l   f r e e z e   up  in  h i g h ,  

humid  t e m p e r a t u r e   c o n d i t i o n s ;   p r o d u c t   f r e e z e   up  in  below  f r e e z i n g  

e n v i r o n m e n t a l   c o n d i t i o n s ;   and  l a r g e   v a r i a t i o n s   in  next  to  b e  

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

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

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   is  a  p r imary   o b j e c t   o f  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e  a n   energy  management  system  for   a  v e n d i n g  

machine  which  c o n s e r v e s   energy  but  s t i l l   m a i n t a i n s   e f f i c i e n t   and 



a c c u r a t e   coo l i ng   of  the  vended  p r o d u c t s   wi th in   a c c e p t a b l e  

l i m i t s .  

It  is   a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o -  

vide  an  energy  management  system  for  a  vending  machine  w h i c h  

c o n s e r v e s   energy  but  p r e c l u d e s   f r e e z e   up  of  the  e v a p o r a t o r   c o i l  

in  h igh ,   humid  t e m p e r a t u r e   c o n d i t i o n s .  

It  is  a n o t h e r  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

an  energy  management  system  for  a  vending  machine  whereby  t h e  

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

t e m p e r a t u r e   r a n g e s .  

It  is  s t i l l   a n o t h e r   o b j e c t   of  t h e  p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  energy  management  system  for  a  vending  machine  w h e r e i n  

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

machine  are  kept  to  a  minimum. 

It  is  yet  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  energy  management  system  for  a  vending  machine  w h e r e b y  

p r o d u c t   f r e e z e   up  is  p r e c l u d e d   when  the  vending  machine  is  l o c a t -  

ed  i n  b e l o w   f r e e z i n g   e n v i r o n m e n t s .  

These  and  o the r   o b j e c t s   of  the  p r e s e n t   i n v e n t i o n   a r e  

ach ieved   by  p r o v i d i n g   a  c o n t r o l   c i r c u i t   i n c l u d i n g   at  l e a s t   t h r e e  

(3)  t ime r s   for   c y c l i n g   the  e v a p o r a t o r   fans  on  and  off  i n d e p e n -  

d e n t l y   of  the  o p e r a t i o n   of  the  compres so r   of  the  r e f r i g e r a t i o n  

sys tem.   In  the  system  of  the  p r e s e n t   i n v e n t i o n ,   the  e v a p o r a t o r  

fan  is  cyc led   on  with  the  c o m p r e s s o r   and  c o n t i n u e s   to  run  d u r i n g  

the  e n t i r e   c o m p r e s s o r   on  cyc le   a s  i s   c o n v e n t i o n a l ,   but  by  means  

of  a  f i r s t   t imer   the   e v a p o r a t o r   fan  is  p e r m i t t e d   to  r u n  

for  an  a d d i t i o n a l   de l ay   p e r i o d   f o l l o w i n g   the  cyc l e   OFF  o f  t h e  

c o m p r e s s o r .   During  t h i s   a d d i t i o n a l   de lay   pe r iod   of  the  e v a p o r -  

a to r   f ans ,   the  fans  c o n t i n u e   to  blow  a i r   over  the  e v a p o r a t o r  

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



a b o v e   the  f r e e z i n g   p o i n t   of  water   (32°Γ,  0°C),  and  are  t h e n  

cycled  o f f .  I n   a  t y p i c a l   example,   t h i s   cyc le   off   of  the  e v a p o r -  

'  a t o r   fan  may be  anywhere   from  two  (2)  to  f ive   (5)  minutes   a f t e r  

the  c o m p r e s s o r   has  cut  o f f ,   which  enab l e s   the  t e m p e r a t u r e   o f  

t h e   e v a p o r a t o r  c o i l   to  r each   s t a b i l i z a t i o n   above  3 2 ° F .  

A  second  c y c l i n g   t imer   is  p r o v i d e d   to  i n t e r m i t t e n t l y  

c y c l e   the  e v a p o r a t o r   fans  on  and  of f   for  p r e d e t e r m i n e d   s h o r t  

i n t e r v a l s   f o l l o w i n g   the  above  d e s c r i b e d   de lay   p e r i o d ,   and  d u r i n g  
t h e   time  when  the  c o m p r e s s o r   is  o f f .   This  i n t e r m i t t e n t   c y c l i n g  

of  the  e v a p o r a t o r   fans  on  and  off   f o r c e s   a i r   t h r o u g h   the  p r o d u c t  

s t acks   of  the  v e n d i n g   machine  to  p r o v i d e   a  r e l a t i v e l y   even  d i s -  

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

p r e s s o r   to  a l low  for   p r o p e r   and  p r e c i s e   hea t   s e n s i n g   of  t h e  

p r o d u c t   t h r o u g h   the  vendor   t h e r m o s t a t s .   This  i n t e r m i t t e n t   a c t -  

u a t i o n   of  the  fans  and  flow  of  a i r   a l so   l i m i t s   the  f l u c t u a t i o n  

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

a n c e s .  

A  t h i r d   t i m e r   is  p r o v i d e d   to  p r e c l u d e   f r e e z i n g  o f   t h e  

vended  p r o d u c t s   a n d / o r   the  e v a p o r a t o r   c o i l   when  a  v e n d i n g  

machine  is  d i s p o s e d   in  a  below  f r e e z i n g   e n v i r o n m e n t .   This  t i m e r  

i s   enab led   when  the  t h e r m o s t a t i c   t e m p e r a t u r e   s w i t c h   which  c o n -  

t r o l s   the  c o m p r e s s o r   opens ,   and  w i l l   time  out  to  cyc le   on  t h e  

e v a p o r a t o r   fans  for   c o n t i n u o u s   o p e r a t i o n   for  a  p r e d e t e r m i n e d  

pe r iod   of  time  i f   the  t e m p e r a t u r e   s w i t c h   remains   open  in  e x c e s s  

o f   a  p r e d e t e r m i n e d   p e r i o d   of  t ime,   for  example  four   (4)  h o u r s .  

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

the  t e m p e r a t u r e   s w i t c h   is  open) ,   the  e v a p o r a t o r   fans  a r e  

cyc led   on  for  a  c o n t i n u o u s   p e r i o d   of  o p e r a t i o n   to  p r e c l u d e  

f r e e z e   up  of  the  p r o d u c t s   when  the  of f   p e r i o d   o f  t h e   c o m p r e s s o r  

(the  t e m p e r a t u r e   s w i t c h   open)  exceeds  a  p r e d e t e r m i n e d   l i m i t  

such  as  four  (4)  h o u r s .  



An  a d d i t i o n a l   o p t i o n a l   t imer   may  be  p r o v i d e d   in  com- 

b i n a t i o n   with  the  o the r   t ime r s   of  the  p r e s e n t   i n v e n t i o n   f o r  

t u r n i n g   the  r e f r i g e r a t i o n   system  on  at  a  p r e d e t e r m i n e d   time  i n  

the  morning  and  d i s a b l i n g   the  system  at  a  p r e d e t e r m i n e d   time  i n  

the  e v e n i n g .  - T h i s   o p t i o n a l   t imer   o b v i o u s l y   would  f u r t h e r   a s s i s t  

in  the  energy   c o n s e r v a t i o n   o b j e c t i v e s   of  the  p r e s e n t   i n v e n t i o n  

by  s h u t t i n g   down  a l l   power  consumpt ion   dur ing   the  pe r iod   that   t h e  

vending  machine   is  not  in  u s e .  

The  t i m e r s   u t i l i z e d   in  the  c o n t r o l   c i r c u i t   of  the  p r e s e n t  

i n v e n t i o n   are  e l e c t r o m e c h a n i c a l   cam  t ime r s   which  are  c o m m e r c i a l l y  

a v a i l a b l e   components   and  are  h a r d w i r e d   in  c i r c u i t   with  t h e  

power  sou rce   and  o the r   components   of  the  r e f r i g e r a t i o n   s y s t e m  

in  a  manner  to  be  d e s c r i b e d   h e r e i n a f t e r .   However,  i t   should  be  

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

could  be  p e r f o r m e d   by  a  g e n e r a l   purpose   d i g i t a l   computer   o r  

by  m i c r o p r o c e s s o r   t e c h n o l o g y   programmed  to  pe r fo rm  the  d e s i r e d  

f u n c t i o n s .  

BRIEF  DESCRIPTION  OF  THE DRAWINGS 

The  o b j e c t s   and  the  a t t e n d a n t   a d v a n t a g e s   of  the  p r e s e n t  

i n v e n t i o n   w i l l   become  r e a d i l y   a p p r e c i a t e d   as  the  same  become 

b e t t e r   u n d e r s t o o d   by  r e f e r e n c e   to  the  f o l l o w i n g   d e t a i l e d   d e s -  

c r i p t i o n   when  c o n s i d e r e d   in  c o n j u n c t i o n   with  the  a ccompany ing  

drawings   in  which  l i ke   r e f e r e n c e   numera l s   d e s i g n a t e   l i ke   p a r t s  

t h r o u g h o u t   the  F i g u r e s   t h e r e o f ,   and  w h e r e i n :  

F i g u r e   1  is  a  c ross   s e c t i o n a l   view  of  the  i n s i d e   of  a 

t y p i c a l   c h i l l e d - p r o d u c t   vending  machine  having  a  c o n v e c t i o n  

coo l i ng   s y s t e m ;  

F igu re   2  is  an  e l e c t r i c a l   s c h e m a t i c   d iagram  of  the  c o n t r o l  

c i r c u i t r y   of  the  p r e s e n t   i n v e n t i o n   for  o p e r a t i n g   t h e   c o n v e c t i o n  



c o o l i n g   system  w i t h i n   the  vending  machine  of  F igu re   1;  

F igure   3  is  a  t iming   diagram  of  the  e l e c t r i c a l   s i g n a l s  

p r e s e n t   at  s e l e c t e d   t e r m i n a l s   of  the  c i r c u i t   d iagram  of  F i g u r e  

2   t o   be  r e f e r e n c e d   h e r e i n a f t e r ;   and  

Figure.   4  is  a n o t h e r   t iming   diagram  of  e l e c t r i c a l   s i g n a l s  

p r e s e n t   at  o the r   t e r m i n a l s   in  the  c i r c u i t   of  F igu re   2  to  be  

r e f e r e n c e d   h e r e i n a f t e r .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

R e f e r r i n g   in  d e t a i l   to  F i g u r e   1,  t h e r e   is  g e n e r a l l y  

i l l u s t r a t e d   in  cut   away  view  a  t y p i c a l   p r o d u c t   vending   m a c h i n e  

where in   a  p l u r a l i t y   of  p r o d u c t s   such  as  s o f t   d r i n k   cans  o r  

b o t t l e s   are  s t o r e d   in  p r o d u c t   s t a c k s   PS,  from  which  they  a r e  

s e q u e n t i a l l y   d i s p e n s e d   on  demand  t h rough   a p p r o p r i a t e   vend  s l o t s  

i n   the  bot tom  of  the  vend ing   machine .   As  i l l u s t r a t e d   in  F i g u r e  

1,  the  vending   machine  t h e r e o f   a lso   i n c l u d e s   a  c o n v e c t i o n   r e -  

f r i g e r a t i o n   sys tem  which  i n c l u d e s   the  c o n v e n t i o n a l   c o m p o n e n t s  

o f   a  r e f r i g e r a t i o n   c o m p r e s s o r  ,   hav ing   a  fan  CF  and  a  pump  CP, 

an  e v a p o r a t o r   c o i l   EC,  an  e v a p o r a t o r   fan  motor  EFM,  and  a  t h e r m o -  

s t a t i c   t e m p e r a t u r e   s w i t c h   TS  (not  shown),   f o r  c o n t r o l l i n g   t h e  

o p e r a t i o n   of  the  r e f r i g e r a t i o n   system  i n  r e s p o n s e   t o  t h e   t e m p e r -  

a t u r e s   sensed   w i t h i n   the  vend ing   machine .   The  c o n v e n t i o n a l   c o n -  

v e c t i o n   r e f r i g e r a t i o n   sys tem  i l l u s t r a t e d   in  F igu re   1  o p e r a t e s  

.  t o   c h i l l   the  p r o d u c t s   in  p r o d u c t   s t a c k s   PS,  by  b lowing  a i r   by  

means  of  e v a p o r a t o r   fan  motor  EFM  over  e v a p o r a t o r   c o i l   EC  t o  

t h e r e b y   c i r c u l a t e   c h i l l e d   a i r   be tween  and  t h r o u g h o u t   the  p r o d u c t  

s t a c k s   PS .Ai r   r e t u r n s   from  the  s t a c k s   as  i n d i c a t e d   by  arrows  AR. 

In  c o n v e n t i o n a l   p r i o r   a r t   c o n v e c t i o n   r e f r i g e r a t i o n   systems  o f  

v e n d i n g   machines   known  h e r e t o f o r e ,   the  compres so r   C  is  c y c l e d  

o n   and  of f   under   c o n t r o l   of  t h e r m o s t a t i c   t e m p e r a t u r e   swi tch   TS, 

whi le   the  e v a p o r a t o r   fan  motor  EFM  runs  c o n t i n u o u s l y ,   even  



d u r i n g   the  p e r i o d s   t h a t   compres so r   C  is  d e - e n e r g i z e d .   This  c o n -  

t i n u o u s   r unn ing   of  the  e v a p o r a t o r   fan  motor  EFM  o b v i o u s l y   e x p e n d s  

a l o t   of  u n n e c e s s a r y   e l e c t r i c a l   energy  and  g e n e r a t e s   heat   l e a d i n g  

t o   u n n e c e s s a r y   energy  was t e .   A c c o r d i n g l y ,   in  a c c o r d a n c e   w i t h  

t h e   o b j e c t s   of  the  p r e s e n t   i n v e n t i o n ,   the  c o n t r o l   c i r c u i t   o f  

F i g u r e   2  was  d e s i g n e d   to  e n e r g i z e   the  e v a p o r a t o r   fan  motor  EFM 

o n l y   du r ing   optimum  t imes  when  i t s   o p e r a t i o n   is  c l e a r l y   n e e d e d .  

F o r   example ,   in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   t h e  

e v a p o r a t o r   fan  EFM  o p e r a t e s   c o n t i n u o u s l y   dur ing   t h e . p e r i o d   t h a t  

t h e   c o m p r e s s o r   C  is  o p e r a t i n g ,   o p e r a t e s   for  a  p r e d e t e r m i n e d  

d e l a y   p e r i o d   f o l l o w i n g   the  cyc l e   OFF  of  the  compres so r   in  o r d e r  

t o   p r e c l u d e   f r e e z e   up  of  the  e v a p o r a t o r   co i l   EC,  o p e r a t e s   i n t e r -  

m i t t e n t l y   for  p r e d e t e r m i n e d   p e r i o d s   when  t h e  c o m p r e s s o r   C  i s  

cycled   OFF,  and  i t   is  cyc led   ON  to  run  c o n t i n u o u s l y   for  a  p e r i o d  

f o l l o w i n g   an  i n t e r v a l   when  the  c o m p r e s s o r   has  not  o p e r a t e d   f o r  

a n   ex t ended   p e r i o d   of  t ime,   to  p r e c l u d e   f r e e z i n g   of  the  p r o d u c t s  

i n   the  vending   machine  in  s u b - f r e e z i n g   e n v i r o n m e n t a l   l o c a t i o n s .  

R e f e r r i n g   in  d e t a i l   to  F igu re   2,  t he re   is  i l l u s t r a t e d  

a n   e l e c t r i c a l   c i r c u i t   d iagram  of  the  c o n t r o l   c i r c u i t r y   of  t h e  

p r e s e n t   i n v e n t i o n   for  o p e r a t i n g   the  c o n v e c t i o n   r e f r i g e r a t i o n  

s y s t e m   i l l u s t r a t e d   in  F igure   1.  A  p a i r   of  main  power  l i n e s   PL1, 

P L 2   are  p r o v i d e d   a c r o s s   which  a  c o n v e n t i o n a l   120  v o l t ,   60HZ 

p o w e r   sou rce   is  c o n n e c t e d .   Also  c o n n e c t e d   in  p a r a l l e l   b e t w e e n  

p o w e r   l i n e s  P L 1 ,   PL2  are  a  p l u r a l i t y   of  t imers   E,  fp,  D,  Cy. 

B e c a u s e   t he se   r e s p e c t i v e   t i m e r s   are  c o n n e c t e d   in  p a r a l l e l ,   t h e y  

a r e   e f f e c t i v e l y   h a r d w i r e d   in  OR  l o g i c   with  r e s p e c t   to  e v a p o r a t o r  

f a n   motors  EFM.  Thus,  each  of  the  r e s p e c t i v e   t ime r s   E,  fp,  D 

a n d   Cy  can  e f f e c t   a  time  c o n t r o l   f u n c t i o n   over  e v a p o r a t o r   f a n  

m o t o r s   EFM  to  be  d e s c r i b e d   in  more  d e t a i l   h e r e i n a f t e r .  

B e g i n n i n g   at  the  top  of  F igu re   2,  the  f i r s t   t imer   E, 



m a y   be  a  24  hour  clock  c o n t r o l l e r   for  c y c l i n g   the  r e f r i g e r a t i o n  

s y s t e m   ON  and  OFF  at  p r e d e t e r m i n e d   t imes  of  day.  That  i s ,   by 

means  of  t imer   E,  the  r e f r i g e r a t i o n   system  can  be  enab l ed   o r  

d i s a b l e d   for   any  s p e c i f i e d   p e r i o d   on  a  d a i l y   b a s i s .   Timer  E 

i s   coup led   to  power  l ine   PL1  t h rough   a  t e m p e r a t u r e   swi t ch   TS 

a t   t e r m i n a l   C  t h e r e o f .   I n c l u d e d   w i t h i n   t imer   E  is  time  c o n t r o l  

s w i t c h   S 1  b e t w e e n   t e r m i n a l s   C  and  NC  and  a  t imer   motor  TM1 

b e t w e e n   t e r m i n a l s   Ll  and  L2.  Termina l   NC  is  a l so   coupled   t o  

t h e   c o m p r e s s o r   and  the  c o n d e n s o r   fan  motors  of  the  r e f r i g e r a t i o n  

s y s t e m   of  F i g u r e   1  and  t e r m i n a l s   Ll  and  L2  are  coup led   to  power  

l i n e s   PL1  and  PL2,  r e s p e c t i v e l y .   Timer  E  in  one  e m b o d i -  

ment,  is  a  m u l t i - p u l s e   cam  t imer   m a n u f a c t u r e d   by  Eagle  S i g n a l  

C o r p o r a t i o n ,   and  i d e n t i f i e d   as  " m u l t i - p u l s e   t imer   c a t a l o g   number  

M P - 1 - A 6 - 3 2 - M P 5 - 4 8 " .  

Timer  fp  is  p r o v i d e d   in  the  c o n t r o l   c i r c u i t   o f  F i g u r e  

2  to  e n e r g i z e   e v a p o r a t o r   fans  EFM  c o n t i n u o u s l y   w h e n . t h e   c o m p r e s s o r  

C  of  the  r e f r i g e r a t i o n   system  has  not  o p e r a t e d   for  an  e x t e n d e d  

p e r i o d   of  t ime ,   for  example  four   (4)  h o u r s  o r   more.  The  f a i l -  

u r e   of  the  c o m p r e s s o r   C  to  o p e r a t e   for   such  an  e x t e n d e d   p e r i o d  

of  time  would  n o r m a l l y   occur   when  the  vend ing   machine   is  p l a c e d  

in  a  s u b - f r e e z i n g   e n v i r o n m e n t   which  e l i m i n a t e s   the  need  f o r  

i n t e r n a l   c o o l i n g   of  the  machine .   However,  t h i s   s u b - f r e e z i n g  

e n v i r o n m e n t   a l so   may  c r e a t e   a  problem  in  t h a t   the  c h i l l e d   p r o -  

ducts   may  f r e e z e   up  when  the  machine  is  p l a c e d   in  e x t r e m e l y  

cold  e x t e r n a l   e n v i r o n m e n t   c o n d i t i o n s .   A c c o r d i n g l y ,   the  t i m e r  

fp  is  u t i l i z e d   t o  s e n s e   t he se   ex t ended   p e r i o d s   in  which  t h e  

c o m p r e s s o r   C  does  not  run  and  turn   ON  the  e v a p o r a t o r   fans  EFM 

to  run  c o n t i n u o u s l y   and  t h e r e b y   blow  a i r   over  the  p r o d u c t s   t o  

p r e c l u d e   f r e e z e   up  t h e r e o f .   Timer  fp  i n c l u d e s   e x t e r n a l  

t e r m i n a l s   1,  2,  3,  4,  and  11.  Te rmina l   1  of  t i n e r   fp  is  c o n n e c -  



ted  to  t e r m i n a l   c  of  t imer   E.  Termina l   2  of  t imer   fp  is  e x t e r -  

n a l l y   c o n n e c t e d   to  power  l i n e   PL2.  Termina l   3  of  t imer  fp  i s  

connec t ed   t o  t h e   t e r m i n a l   5  o f   t imer   D  and  th rough   j u n c t i o n   FJ  

to  fans  EFM.  Termina l   4  of  t imer   fp  is  h a r d w i r e d   to  t e r m i n a l  

11  t h e r e o f   which  in  tu rn   is  coupled   to  power  l i ne   PL1.  T imer  

fp  a l so   i n c l u d e s   a  t imer   motor  TM2  which  is  coupled   at  one  end 

to  a  wire  c o n n e c t i n g   t e r m i n a l s   1  and  2  t h e r e o f ,   and  at  an  

o p p o s i t e   end  t h rough   a  s w i t c h   S2  to  t e r m i n a l   11.  Also  p r o v i d e d  

in  the  wire  c o n n e c t i o n   between  t e r m i n a l s   1  and  2  of  t imer   f p  

is  a  c l u t c h  c o i l  C l .   In  addit ion,   a  sw i t ch   S3  is  coupled   b e t w e e n  

t e r m i n a l s   3  and  4 .o f   t imer   fp.  Timer  fp  may,  for  e x a m p l e ,  

be  an  e l e c t r o m e c h a n i c a l   cam  t imer   m a n u f a c t u r e d   by  Eagle  S i g n a l  

C o r p o r a t i o n   under  the  d e s c r i p t i o n   " C y c l e - F l e x   t imer   catalogue  number 

HB58-A6-01" .  

Timer  D  is  p r o v i d e d   to  m a i n t a i n   e v a p o r a t o r   fans  EFM 

ON  for  a  p r e d e t e r m i n e d   time  or  de lay   p e r i o d   a f t e r   the  c o m p r e s s o r  

C  is  t u rned   OFF.  This  d e l a y   p e r i o d  i s   n e c e s s a r y   under   some 

e n v i r o n m e n t a l   c o n d i t i o n s   to  p r e c l u d e   f r e e z e   up  of  the  e v a p o r a t o r  

co i l   EC.  That  i s ,   s i n c e   e v a p o r a t o r   fan  motors   EFM  wi l l   c o n t i n u e  

to  run  at  the  end  of  a  c o m p r e s s o r   cyc le   for  a  p r e d e t e r m i n e d  

pe r iod   of  t ime,   the  t e m p e r a t u r e   of  the  e v a p o r a t o r   c o i l   due  

to  t h i s   moving  a i r   is  e l e v a t e d   to  a  safe   t e m p r a t u r e   above  t h e  

f r e e z i n g   p o i n t   of  water   b e f o r e   the  e v a p o r a t o r   fans  EFM  a r e  

tu rned   OFF  under  the  c o n t r o l   of  t imer   D.  Timer  D  i n c l u d e s   a 

p l u r a l i t y   of  e x t e r n a l   t e r m i n a l s   numbered  1,  2,  3,  4,  5,  and  11 ,  

in  the  same  manner  as  the  l i k e   t e r m i n a l s   of  t imer   fp.  Timer  D 

is  in  the  p r e f e r r e d   embodiment  of  the  p r e s e n t  i n v e n t i o n ,   s i m i l a r  

to  t imer   fp  with  the  e x c e p t i o n   of  the  s p e c i f i c   f u n c t i o n   i t  

p e r f o r m s ,   the  a d d i t i o n   of  t e r m i n a l   5,  and  the  m a n n e r  

in  which  it  is  c o n n e c t e d   in  the  c i r c u i t   of  F i g u r e  2 .   T e r m i n a l  



1   o f   t imer   D  is  c o n n e c t e d   to  t e r m i n a l   NC  of  t imer   E.  T e r m i n a l  

2  of   t imer   D is   c o n n e c t e d   to  power  l i n e   PL2.  Te rmina l   3  o f  

t i m e r   D  is  c o n n e c t e d   to  t e r m i n a l   L2  of  t imer   Cy  to  b e  d e s c r i b e d  

h e r e i n a f t e r .   Te rmina l   4  of  t imer   D  is  h a r d w i r e d   to  t e r m i n a l  

1 1   of  t imer   D  which  is  in  t u r n ,   coupled   to  power  l i n e   PL1. 

Terminal   5  of  t imer   D  is.  as  s t a t e d   h e r e i n b e f o r e ,   c o n n e c t e d  

d i r e c t l y   to  t e r m i n a l   3  of  t imer   fp  and  t h rough   j u n c t i o n   FJ  t o  

f a n s   EFM.  Timer  D  a l so   i n c l u d e s   a  c l u t c h   c o i l   C2  coupled   b e t w e e n  

t e r m i n a l s   1  and  2  t h e r e o f ,   a  t imer   motor  TM3  c o n n e c t e d   b e t w e e n  

c l u t c h   c o i l   C2  and  t e r m i n a l   2  at  one  end  t h e r e o f ,   and  an  o p p o s i t e  

e n d   t h e r e o f   coup led   t h r o u g h   a  swi t ch   S4  to  t e r m i n a l   11.  A 

s w i t c h   S5  is  a l so   p r o v i d e d   in  t imer   D  for   c o m p l e t i n g   a  c i r c u i t  

b e t w e e n   t e r m i n a l s   3  and  4  or  t e r m i n a l s   4  and  5  as   c o n t r o l l e d  

b y   t imer   motor  TM3  in  a  manner  to  be  d e s c r i b e d   h e r e i n a f t e r .  

A  cyc l e   t imer   Cy  is  p r o v i d e d   to  i n t e r m i t t e n t l y   e n e r g i z e  

e v a p o r a t o r   fans  EFM  d u r i n g   p e r i o d s   in  which  the  c o m p r e s s o r   C 

i s   d e - e n e r g i z e d .   This  is  d e s i r a b l e   in  o rde r   to  p r o v i d e   a  more 

e v e n   t e m p e r a t u r e   d i s t r i b u t i o n   t h r o u g h o u t   the  v e n d i n g   machine.  

dur ing  the  o f f   p e r i o d   of  the  compres so r   in  o r d e r   to  enable   more  

a c c u r a t e   t e m p e r a t u r e   s e n s i n g   w i t h i n   the  vend ing   machine  d u r i n g  

tha t   p e r i o d   and  a  more  l i m i t e d   f l u c t u a t i o n   of  the  t e m p e r a t u r e  

o f   the  c h i l l e d   p r o d u c t s   in  p r o d u c t   s t a c k s   PS.  Timer  Cy  i n c l u d e s  

a   p l u r a l i t y   of  e x t e r n a l   t e r m i n a l s   L1,  L2,  2  and  3.  Terminal   L1 

o f   t imer   Cy  is  coup led   to  power  l i n e   PL2.  T e r m i n a l   L2  of  t i m e r  

C y   as  s t a t e d   h e r e i n b e f o r e ,   is  coupled   d i r e c t l y   to  t e r m i n a l   3 

o f   t imer   D.  Te rmina l   2  of  t imer   Cy  is  h a r d w i r e d   t o  t e r m i n a l  

L 2   of  t imer   Cy.  T e r m i n a l   3  of  t imer   Cy  is  c o u p l e d   t h r o u g h  

j u n c t i o n   FJ  to  the  e v a p o r a t o r   fan  motors  of  the  r e f r i g e r a t i o n  

system  of  the  p r e s e n t   i n v e n t i o n .   A  t imer   motor  TM4  is  p r o v i d e d  

w i t h i n   t imer   Cy  b e t w e e n  t e r m i n a l s   Ll  and  L2  for   the  timed  o p e r a t i o n  

o f   a  sw i t ch   S 6 ,  



c o u p l e d   between  t e r m i n a l s   2  and  3,  in  a  manner  to  be  more  f u l l y  

d e s c r i b e d   h e r e i n a f t e r .   Timer  Cy  in  one  embodiment  o f  

t h e   p r e s e n t   i n v e n t i o n ,   is  e l e c t r o m e c h a n i c a l   cam  t i m e r  m a n u f a c t u r e d  

b y   Eagle  S i g n a l   C o r p o r a t i o n   under  the  d e s c r i p t i o n   " f l e x o p u l s e  

t i m e r   number  HG-94-A6" .  

DESCRIPTION  OF  OPERATION 

The  o p e r a t i o n   of  the  c o n t r o l   c i r c u i t   of  F igu re   2  c a n  

b e s t   be  u n d e r s t o o d   in  c o n j u n c t i o n   with  the  t iming   d iagrams   o f  

F i g u r e s   3  and  4  as  d e s c r i b e d   h e r e i n a f t e r .  

R e f e r r i n g   in  d e t a i l   to  F igure   3,  waveform  E  r e p r e s e n t s  

t h e  o u t p u t   at  t e r m i n a l   NC  of  t imer   E.  Waveform  TS  r e p r e s e n t s  

t h e   ON-OFF  s t a t e   of  t h e r m o s t a t i c   t e m p e r a t u r e  s w i t c h   TS.  Wave- 

f o r m   D  represents  the  output at  t e r m i n a l   5  of  t imer   D  over  the  c o n t r o l  

p e r i o d   i l l u s t r a t e d   in  F igure   3.  Waveform  Cy  r e p r e s e n t s   t h e  

i n t e r m i t t e n t   t iming   p u l s e   ou tpu t   g e n e r a t e d   by  t imer   Cy  at  o u t p u t  

t e r m i n a l   3  over  the  c o n t r o l   p e r i o d .   The  r e m a i n i n g   waveform  o f  

F i g u r e   3  l a b e l e d   FAN(S)  i l l u s t r a t e s   the  cyc l e   of  o p e r a t i o n   o f  

t h e   e v a p o r a t o r   fan  motors  EFM  in  response  to  the  t iming  c o n t r o l s   p r o -  

v i d e d   by  the  waveforms  E,  TS,  D,  and  CY. 

R e f e r r i n g   in  d e t a i l   to  F igure   4,  t h e r e   is  i l l u s t r a t e d   a 

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

f p .   Waveform  TS  r e p r e s e n t s   the  ON-OFF  p e r i o d s  

o f   t e m p e r a t u r e   s w i t c h   TS.  Waveform  fp  r e p r e s e n t s   the  ou tput   w i t h  

r e s p e c t   to  t ime  at  t e r m i n a l   3  of  t imer   fp  and  the  waveform  l a b e l e d  

FAN(S)  i l l u s t r a t e s   the  ON-OFF  p e r i o d s   of  the  e v a p o r a t o r   f a n s  

EFM  in  r e s p o n s e   to  the  combined  c o n t r o l   of  t e m p e r a t u r e   s w i t c h  

T S   and  t imer   f p .  

Having  now  g e n e r a l l y   d e s c r i b e d   the  c o n t e n t   of  the  t i m i n g  

d i a g r a m s   of  F i g u r e s   3  and  4,  the  d e t a i l e d   o p e r a t i o n   of  the  c o n t r o l  



c i r c u i t r y   of  F igure   2  may  now  be  e x p l a i n e d   by  r e f e r e n c e   t o  

F igures   2  i n  c o n j u n c t i o n   with  F i g u r e s   3  and  4 .  

In  normal  o p e r a t i o n   the  compres so r   C  of  the  r e f r i g e r a t i o n  

s y s t e m   i l l u s t r a t e d   in  F igu re   1  is  t u r n e d   on  in  resp 'onse   to  t h e  

c l o s i n g   of  t e m p e r a t u r e   sw i t ch   TS  when  the  t e m p e r a t u r e  

w i th in   the  vending   machine  r i s e s   above  a  p r e d e t e r m i n e d   l e v e l .  

However,  t e m p e r a t u r e   sw i t ch   TS  w i l l   not  t u rn   the  c o m p r e s s o r   C 

on,  u n l e s s   s w i t c h   Sl  of  t imer   E  is  c l o sed   p r o v i d i n g   a  c l o s e d  

c i r c u i t   pa th   between  power  l i n e   PL1,  the  c o m p r e s s o r   a n d  p o w e r  

l i n e   PL2.  The  f u n c t i o n   of  swi t ch   Sl  w i l l   be  e x p l a i n e d   f u r t h e r  

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

v ides   a  c i r c u i t   pa th   t h r o u g h   c l u t c h   c o i l   C l ' o f   t i m e r   fp  and  power  

l i n e s  P L 1   and  PL2.  That  i s ,   the  c l o s i n g   o f  t e m p e r a t u r e   s w i t c h  

T S   energizes  the  clutch  coil  Cl.  With  c l u t c h  c o i l   Cl  e n e r g i z e d ,  

t imer   motor   TM2  of  t imer   fp  can  not  r o t a t e .   Timer  E  is  a n  

o p t i o n a l   24  hour  c l o c k / c o n t r o l l e r   which  may  be  u t i l i z e d ' t o   t u r n  

the  r e f r i g e r a t i o n   system  of  the  p r e s e n t   i n v e n t i o n   ON  and  OFF  f o r  

any  s p e c i f i e d   p e r i o d   d a i l y .   For  example ,   as  i l l u s t r a t e d   in  F i g -  

ure  3  by  waveform  E,  the  r e f r i g e r a t i o n   sys tem  may  be  tu rned   ON 

at  9:00  AM  and  OFF  at  5:00  PM,  by  means  of  t imer   E.  This  ON-OFF 

per iod   is  c o n t r o l l e d   by  t imer   E  by  the  opening  and  c l o s i n g  o f  

swi tch   Sl  which  is  c o n t r o l l e d   by  t imer   motor  TM1  in  c o n j u n c t i o n  

with  a p p r o p r i a t e   t iming   cams.  If  t h i s   o p t i o n   is  not  r e q u i r e d ,  

s w i t c h  S l   may  be  locked   in  a  c losed   p o s i t i o n   to  e f f e c t i v e l y  

s h o r t   t e r m i n a l s   C  and  NC  and  open  t e r m i n a l s   L1  and  L2,  t h u s  

e l i m i n a t i n g   the  f u n c t i o n   of  t imer   E.  In  t h i s   p o s i t i o n ,   w i t h  

swi tch   Sl  c o n t i n u o u s l y   c l o s e d ,   the  e n a b l e m e n t   of  the  r e f r i g e r a t i o n  

system  and  compres so r   C  are  under  the  c o n t r o l   of  t e m p e r a t u r e  

swi tch   TS.  

The  de lay   t imer   D  is  p r o v i d e d   with  a  c l u t c h   coi l   C2  which  



is  e n e r g i z e d   when  t e m p e r a t u r e   switch  TS  is  c l o s e d .   When  c l u t c h  

C2  is  e n e r g i z e d ,   t i m e r   motor  TM3  docs  not  run.  However,  a t  

the  end  of  a  c o m p r e s s o r   c y c l e ,   when  t e m p e r a t u r e   swi t ch   TS  o p e n s ,  

c lu t ch   C2  becomes  d e - e n e r g i z e d   t imer   motor  TM3  begins   t o  

run,  and  runs  u n t i l   i t   t imes  out.  Switch  S5  remains   in  t h e  

p o s i t i o n   shown  between  t e r m i n a l s   4  and  5  u n t i l   t imer   motor  TM3 

is  timed  out ,   thus   c o m p l e t i n g   a  c i r c u i t   from  power  l ine   PL1 

through  j u n c t i o n   FJ,  to  e v a p o r a t o r   fan  motors   EFM.  At  t h e  

beg inn ing   of  any  c y c l e   of  o p e r a t i o n   of  the  c o m p r e s s o r   C,  s w i t c h  

S5  is  n o r m a l l y   in  the  p o s i t i o n   shown  c o n n e c t i n g   t e r m i n a l s   4 

and  5  of  t imer   D,  and  t h e r e f o r e ,   power  is  s u p p l i e d   to  e v a p o r a t o r  

fan  motors   EFM  from  power  l ine   PL1  via  t e r m i n a l s   4,  5  of  t i m e r  

D,   and  j u n c t i o n   FJ.  Timer  D  d e t e r m i n e s   how  long  power  is  t o  

b e   a p p l i e d   to  the  e v a p o r a t o r   fan  motors  f o l l o w i n g   the  c u t - o f f  

time  of  the  c o m p r e s s o r   d e t e r m i n e d   by  t e m p e r a t u r e   s w i t c h   TS. 

That  i s ,   as  t e m p e r a t u r e   swi tch   TS  opens,   c l u t c h   c o i l   C2  becomes  

de-encrgized  p e r m i t t i n g   t imer   TM3  to  time  out ,   at  which  time  s w i t c h  

S5  s w i t c h e s   from  t e r m i n a l   5  to   t e r m i n a l   3,  thus  i n t e r r u p t i n g  

the  supply   of  power  to  e v a p o r a t o r   fan  motors   EFM.  With  s w i t c h  

S5  c o u p l i n g   t e r m i n a l s   4  and  3  of  t imer  D  t o g e t h e r ,   the  c y c l e  

t imer  Cy  is  e n a b l e d .  

Thus,  the  c y c l e   t imer   Cy,  t imer   motor  TM4,  runs  c o n t i n u o u s l y  

f o l l o w i n g   each  d e l a y   p e r i o d   g e n e r a t e d   by  t i m e r  D ,   u n t i l   r e s e t  

by  t h e   ending  of  a n o t h e r   delay  p e r i o d .   The  cyc l e   t imer  a l t e r -  

n a t e l y   opens  and  c l o s e s   the  c o n t a c t s   between  t e r m i n a l   2  and  3  o f  

t imer  Cy  at  a  s e l e c t a b l e  r a t e   to  c r e a t e   the  smal l   pu l se   waveform 

i l l u s t r a t e d   as  Cy  in  F igure   3.  Thus,  as  shown  in  the  b o t t o m  

waveform  "FAN(S)"  of  F igu re   3,  the  e v a p o r a t o r   fans  EFM  i n t e r -  

m i t t e n t l y   cyc le   ON  and  OFF  fo l lowing   each  de lay   p e r i o d   c o n t r o l l e d  

by  t imer   D.  Thus,   the  e v a p o r a t o r   fan  motors   EFM, as  i l l u s t r a t e d   i n  



' F i g u r e   3  are  t u r n e d   ON  for  the  e n t i r e   p e r i o d   t ha t   the  c o m p r e s s o r  

is  tu rned   ON,  r emain   ON  for  a  de lay   p e r i o d   d e t e r m i n e d   by  t i m e r  

D,  and  a re   i n t e r m i t t e n t l y   tu rned   ON  f o l l o w i n g   each  delay  p e r i o d  

and  dur ing  the  p e r i o d   p r e c e e d i n g   the  n e x t  c o m p r e s s o r   ON  t i m e .  

'The  compressor .ON  and  compres so r   OFF  t imes   are  l a b e l e d   CON  and 

COFF,  r e s p e c t i v e l y   in  F igure   3.  Thus,   the  o p e r a t i o n   of  t i m e r s  

E ,   D,  and  Cy  have  now  been  d e s c r i b e d   wi th   r e f e r e n c e   to  F i g u r e  

3 .  

The  o p e r a t i o n   of  the  t imer   fp  which  p r e v e n t s   f r e e z e   up 

o f   vended  p r o d u c t s   in  s u b - f r e e z i n g   e n -  

v i r o n m e n t s   may  now  be  u n d e r s t o o d   wi th   r e f e r e n c e   to  F igure   4  and  

in  c o n j u n c t i o n   wi th   F igure   2.  As  i l l u s t r a t e d   by  the  top  waveform 

TS  in  F i g u r e   4,  the  t e m p e r a t u r e   s w i t c h   TS  i s  c l o s e d   and  o p e n s  

to  turn   the  c o m p r e s s o r   OFF  a t  t h e   t ime  i n d i c a t e d   COFF  in  F i g u r e  

4,  at  which  time  power  is  removed  from  c l u t c h   c o i l   Cl  of  t imer   f p  

When  t h i s   o c c u r s ,   t imer   motor  TM2  is  p e r m i t t e d   to  r o t a t e   t o  

begin  i t s   t i m i n g   f u n c t i o n .   If   the  t e m p e r a t u r e   swi t ch   TS  r e m a i n s  

open  for  a  p r e d e t e r m i n e d  p e r i o d ,   for  example ,   four   (4)  c o n t i n -  

uous  hours ,   t imer   fp  w i l l   time  out  c l o s i n g   the  c o n t a c t s   b e t w e e n  

t e r m i n a l s   3  and  4  t h e r e o f   by  sw i t ch   S3.  The  c l o s u r e   of  s w i t c h  

S3  comple t e s   the  c i r c u i t   to  the  e v a p o r a r o r   fan  motors   EFM  b e t w e e n  

power  l i n e s   PL1  and  PL2.  The  e v a p o r a t o r   fans  w i l l   then  run  c o n -  

t i n u o u s l y   u n t i l   such  time  t h a t   the  t e m p e r a t u r e   swi t ch   a g a i n  

c l o s e s   which  e n e r g i z e s   c l u t c h   c o i l   Cl  to  s top   the  o p e r a t i o n   o f  

the  t imer   motor .   When  t h i s   o c c u r s ,   t i m e r   fp  is  a u t o m a t i c a l l y  

r e s e t   to  i t s  i n i t i a l   c o n d i t i o n   in  r e a d i n e s s   for  s u b s e q u e n t   a c -  

t u a t i o n   in  r e s p o n s e   to  a  compres so r   OFF  p e r i o d  i n   excess   o f  

sa id   p r e d e t e r m i n e d   p e r i o d   of  four  (4)  h o u r s .   It   should  be  

u n d e r s t o o d   t h a t   the  pe r iod   of  four   (4)  hours   i s   exemplary   o n l y ,  

and  t ha t   the  p r e d e t e r m i n e d   time  p e r i o d   s e l e c t e d   wi l l   vary  d e p e n d -  



i n g   on  the  type  of  vending  machine  being  c o n t r o l l e d .   T h u s ,  

b y   the  c o n t i n u o u s   o p e r a t i o n   of  the  e v a p o r a t o r   fan  motors  f o l l o w -  

i n g   a  long  compres so r   OFF  pe r iod   i n d i c a t i v e   of  s u b - f r e e z i n g  

c o n d i t i o n s   in  the  e n v i r o n m e n t ,   f r e e z e   up  o f  

p r o d u c t s   in  the  vending  machine  are  p r e c l u d e d   by  t h e  

h e a t i n g   e f f e c t   of  the  moving  a i r   c i r c u l a t i n g   t h r o u g h o u t   t h e  

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

It  shou ld   be  u n d e r s t o o d   t ha t   the  system  h e r e i n b e f o r e  

d e s c r i b e d   may  be  m o d i f i e d   as  would  occur  to  one  of  o r d i n a r y  

s k i l l   in  the  a r t ,   w i t h o u t   d e p a r t i n g   from  the  s p i r i t   and  s c o p e  

o f   the  p r e s e n t   i n v e n t i o n .  



1.  In  a  r e f r i g e r a t i o n   system  for  a  c h i l l e d   p r o d u c t  

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

sensor   means  for  d e t e c t i n g   the  t e m p e r a t u r e   w i t h i n   said  v e n d i n g  

machine  and  t u r n i n g   said  c o m p r e s s o r   ON  and  OFF  to  d e f i n e   a  com- 

p r e s s o r   c y c l e  i n   r e s p o n s e   to  the  d e t e c t i o n   of  p r e d e t e r m i n e d  

t e m p e r a t u r e   l i m i t s ,   an  e v a p o r a t o r   c o i l   and  e v a p o r a t o r   fan  means 

for  blowing  a i r   a c r o s s   sa id   e v a p o r a t o r   c o i l   and  c i r c u l a t i n g  

s a i d   a i r   t h r o u g h o u t   sa id   vending   mach ine ,   the  i m p r o v e m e n t  

c o m p r i s i n g :  

means  for  c y c l i n g   sa id   e v a p o r a t o r   f an  means   ON  s i m u l -  

t a n e o u s l y   with  s a i d   compres so r   for   a  t ime  p e r i o d   at  l e a s t   a s  

long  as  sa id   c o m p r e s s o r   c y c l e ;   and  

means  for   c y c l i n g   sa id   e v a p o r a t o r   fan  means  OFF  a 

p r e d e t e r m i n e d   p e r i o d   of  time  a f t e r   s a i d   c o m p r e s s o r   is  tu rned   OFF, 

said  p e r i o d   of  t ime  being  long  enough  to  p e r m i t   the  t e m p e r a t u r e  

of  sa id   e v a p o r a t o r   c o i l   to  t e m p e r a t u r e   s t a b i l i z e   a b o v e  t h e  

f r e e z i n g   t e m p e r a t u r e   of  w a t e r .  

2.  The  system  of  claim  1  f u r t h e r   c o m p r i s i n g :  

cyc le   t imer   means  for  i n t e r m i t t e n t l y   c y c l i n g   s a i d  

e v a p o r a t o r   fan  means  ON  and  OFF  for  p r e d e t e r m i n e d   p e r i o d s  b e t w e e n  

said   c o m p r e s s o r   c y c l e s   to  t h e r e b y   m a i n t a i n   an  even  d i s t r i b u t i o n  

of  c h i l l e d   a i r   w i t h i n   sa id   machine  and  min imize   t e m p e r a t u r e  

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

3.  The  system  of  c l a ims   1  or  2,  f u r t h e r   c o m p r i s i n g :  

s e n s o r   means  for  d e t e c t i n g   when  sa id   c o m p r e s s o r  

is  cyc led   OFF; 

t imer   means  r e s p o n s i v e   to  sa id   s enso r   means  f o r  

measu r ing   the  l e n g t h   of  time  t h a t   sa id   c o m p r e s s o r  i s   cycled   OFF 



a n d   for  g e n e r a t i n g   an  e n a b l i n g   s i g n a l   when  said  l eng th   of  t i m e  

exceeds  a  p r e d e t e r m i n e d   d u r a t i o n ;   and  

:  c i r c u i t   means  r e s p o n s i v e   to  sa id   e n a b l i n g  s i g n a l   f o r  

c y c l i n g   said  e v a p o r a t o r   fan  means  ON  c o n t i n u o u s l y   u n t i l   s a i d  

compressor   cyc-les  ON. 

4.  In  a  r e f r i g e r a t i o n   system  for  a  c h i l l e d   p r o d u c t  

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

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

machine  and  c y c l i n g   sa id   compres so r   ON  and  OFF  to  d e f i n e  a  

compresso r   cyc le   in  r e s p o n s e   to  the  d e t e c t i o n   of  p r e d e t e r m i n e d  

t e m p e r a t u r e   l i m i t s ,   an  e v a p o r a t o r   c o i l   and  e v a p o r a t o r   fan  means  

f o r   b lowing  a i r   a c ro s s   sa id   e v a p o r a t o r   c o i l  a n d   c i r c u l a t i n g  

said  a i r   t h r o u g h o u t   sa id   vending  mach ine ,   the  i m p r o v e m e n t  

c o m p r i s i n g :  

s e n s o r   means  for   d e t e c t i n g   when  said  c o m p r e s s o r   i s  

cycled  OFF; 

t imer   means  r e s p o n s i v e   to  sa id   s e n s o r  m e a n s   f o r  

measur ing   the  l e n g t h   of  time  t h a t   sa id   c o m p r e s s o r   i s  c y c l e d   OFF 

and  for  g e n e r a t i n g   an  e n a b l i n g   s i g n a l   when  sa id   l eng th   of  t i m e  

exceeds  a  p r e d e t e r m i n e d   d u r a t i o n ;   and  

c i r c u i t   means  r e s p o n s i v e   to  sa id   e n a b l i n g   s i g n a l   f o r  

cyc l ing   sa id   e v a p o r a t o r   fan  means  ON  c o n t i n u o u s l y   u n t i l   s a i d  

compressor   t u r n s   ON. 

5.  In  a  r e f r i g e r a t i o n   system  for  a  c h i l l e d   p r o d u c t  

vending  machine  i n c l u d i n g   a  r e f r i g e r a t i o n   compr-essor ,   t e m p e r a t u r e  

senso r   means  for  d e t e c t i n g   the  t e m p e r a t u r e   w i t h i n   sa id   v e n d i n g  

machine  and  c y c l i n g   sa id   compres so r   ON  and  OFF  to  d e f i n e   a  com- 

p r e s s o r   cyc le   in  r e s p o n s e   to  the  d e t e c t i o n   of  p r e d e t e r m i n e d  



t e m p e r a t u r e   l i m i t s ,   an  e v a p o r a t o r   c o i l   and  e v a p o r a t o r   fan  means 

for  blowing  a i r   a c r o s s   sa id   e v a p o r a t o r   co i l   and  c i r c u l a t i n g  

said  a i r   t h r o u g h o u t   sa id   vend ing   machine ,   the  i m p r o v e m e n t  

c o m p r i s i n g ;  

cyc le   t i m e r   means  for   i n t e r m i t t e n t l y   c y c l i n g   s a i d  

e v a p o r a t o r   fan  means  ON  and  OFF  for  p r e d e t e r m i n e d  p e r i o d s   b e t w e e n  

said  c o m p r e s s o r   c y c l e s   to  t h e r e b y   m a i n t a i n   an  even  d i s t r i b u t i o n  

o f   c h i l l e d   a i r   w i t h i n   sa id   machine   and  minimize   t e m -  

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

6.  The  system  of  c l a ims   1  or .2   f u r t h e r   c o m p r i s i n g :  

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

env i ronmen t   s u r r o u n d i n g   sa id   vend ing   machine  and  g e n e r a t i n g   a  

s i gna l   when  sa id   t e m p e r a t u r e  d r o p s   below  a  p r e d e t e r m i n e d   l i m i t ;  

and 

c i r c u i t   means  r e s p o n s i v e   to  said  s i g n a l   for  c y c l i n g  

said  e v a p o r a t o r   fan  means  ON  to  run  c o n t i n u o u s l y   for   a  p r e d e t e r -  

mined  p e r i o d   of  t i m e .  

7.  In  a  r e f r i g e r a t i o n   system  for  a  c h i l l e d   p r o d u c t  

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

sensor   means  for   detecting  the  t e m p e r a t u r e   w i t h i n   sa id   v e n d i n g  

machine  and  c y c l i n g   sa id   c o m p r e s s o r   ON  and  OFF  to  d e f i n e   a  com- 

p r e s s o r   cyc l e   in  r e s p o n s e   to  the  d e t e c t i o n   of  p r e d e t e r m i n e d  

t e m p e r a t u r e   l i m i t s ,   an  e v a p o r a t o r  c o i l   and  e v a p o r a t o r   fan  means  

for  blowing  a i r   a c r o s s   sa id   e v a p o r a t o r   c o i l   and  c i r c u l a t i n g  

said  a i r   t h r o u g h o u t   sa id   vend ing   machine ,   t h e  i m p r o v e m e n t  

c o m p r i s i n g :  

d e t e c t o r   means  for   s e n s i n g   the  t e m p e r a t u r e   of  t h e  e n -  

v i ronment   s u r r o u n d i n g   sa id   vend ing   machine  and  g e n e r a t i n g   a 



s i g n a l   w h e n  s a i d   t e m p e r a t u r e   drops  below  a  p r e d e t e r m i n e d   l i m i t ;  

and 

c i r c u i t   means  r e s p o n s i v e   to  sa id   s igna l   for  c y c l i n g  

said  e v a p o r a t o r   fan  means  ON  to  run  c o n t i n u o u s l y   for  a  p r e -  

d e t e r m i n e d   p e r i o d   of  t i m e .  
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