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@  A  method  for  heating  In  oven  and  microwave  oven  utilizing  the  method. 

®  The  invention  relates  to  a  method  for  automatic  heating 
of  food  in  an  oven  (A)  by  feeding  back  at  least  one  control 
parameter,  representing  the  condition  of  the  food  during  the 
heating  to  a  control  device  (F,  C)  for  the  energy  source  (B), 
and  a  microwave  oven  which  utilizes  the  method.  According 
to  the  invention  a  scale  (D)  is  used  to  measure  the  weight  of 
the  food  continuously  or  intermittently  during  the  heating. 
By  means  of  the  weight  indicating  signal  from  the  scale  (D) 
the  weight  decrease  and/or  the  weight  decrease  rate  is  de- 
termined,  which  parameters  are  then  used  as  control  para- 
meters  together  with  the  initial  weight  in  the  automatic 
heating  process. 
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A  method  for  hea t ing   in  oven  and  microwave  oven  u t i l i z i n g   the  method.  

The  i n v e n t i o n   r e l a t e s   to  a  method  for  hea t ing   of  food  i n  

oven,  in  which  energy  is  fed  into  an  oven  space,  where  the  food  i s  

p laced,   and  at  l e a s t   one  s igna l   r e p r e s e n t i n g   at  l e a s t   one  parameter   a t  
the  hea t ing   being  fed  back  to  a  con t ro l   device  for  the  energy  source  f o r  

5  i n f l u e n c i n g   the  hea t ing   p rocedure ,   for  example  as  regards   power  l e v e l  
and  remaining  p r o c e s s i n g   time  in  an  au tomat ic   hea t ing   p r o c e s s .  

Recent ly   s eve ra l   d i f f e r e n t   methods  for  au tomat ic   c o n t r o l  
of  the  hea t ing   or  cooking  procedure   in  for  example  microwave  ovens  have  

come  in to   use.  In  the  f i r s t   d e s c r i b e d   methods  the  t empera tu re   or  t h e  
10  t empera tu re   i n c r e a s e   of  the  a i r   su r round ing   the  food  was  used  t o  

i n t e r r u p t   the  hea t ing ;   t h e r e a f t e r   measurement  of  the  a i r   humidi ty   or  t h e  
i n c r e a s e   of  the  same  was  i n t r o d u c e d   to  ob ta in   con t ro l   pa rameter .   The 
f u r t h e r   development  took  place  on  the  one  hand  as  regards   t h e  
t r a n s d u c e r s   in  order  to  achieve  i n c r e a s e d   r e l i a b i l i t y   and  i n t e n s i t y   o f  

15  d i s t u r b a n c e s   and  on  the  other   hand  with  the  aim  to  u t i l i z e   t h e  
t r a n s d u c e r   s igna l   in  combinat ion   with  p r e s e t t i n g   of  the  kind  a n d / o r  
weight  of  the  hea t ing   ob jec t   and  time  from  s t a r t   u n t i l   the  appearance   o f  
t r a n s d u c e r   s igna l   in  order  to  ob ta in   a  c o n t r o l l e d   f i n a l   h e a t i n g .   A 
l i m i t a t i o n   for  h i t h e r t o   de sc r i bed   t r a n s d u c e r   systems  is  given  by  t h e  

20  phys i ca l   p r o p e r t i e s   of  water ,   r e s u l t i n g   in  tha t   humidity  and  t e m p e r a t u r e  
wil l   reach  a  high  value  r e l a t i v e l y   ea r ly ,   which  value  then  does  not  v a r y  
much  at  con t inued   hea t ing   in  sp i t e   of  the  fac t   tha t   t h i s   is  s t i l l   n o t  
s u f f i c i e n t ,   for  example  due  to  r equ i r ed   time  for  inner   t e m p e r a t u r e  
e q u a l i z a t i o n .  

*5  A  common  d i r e c t   method  is  t empera tu re   measurement  by 
means  of  i n s e r t   t r a n s d u c e r s .   However,  these  t r a n s d u c e r s   do  only  f u n c t i o n  
r e l i a b l y   in  l i q u i d - s h a p e d   or  r e l a t i v e l y   th ich   hea t ing   o b j e c t s .  
Fur thermore   o v e r h e a t i n g   can  a r i s e   in  the  su r face   at  the  place  o f  
i n s e r t i o n .   Fur ther   drawbacks  are  due  to  d i f f i c u l t i e s   in  the  handl ing  and 

50  problems  in  case  of  r o t a t i n g   bottom  place  in  the  oven.  An  e s s e n t i a l   and 
p r i n c i p l e   weakness  is  tha t   the  t empera tu re   is  only  measured  in  one 
po in t ,   which  is  not  always  r e p r e s e n t a t i v e .  



0  2 0 9   2 0 1  
PHZ  85.010  2  11-6-1986 

The  same  drawback  is  i nhe ren t   in  another   method;  

pyromet r ic   sur face   t empera tu re   measurement,  in  p a r t i c u l a r   by  means  o f  

i n f r a r e d   sensors :   only  a  part   of  the  sur face   is  measured.  F u r t h e r m o r e  

the  method  is  expensive  and  s e n s i t i v e   for  d i r t .  

5  Weight  sensors   of  d i f f e r e n t   types  have  come  to  i n c r e a s e d  

use.  Normally  the  hea t ing   pan  is  ta red   empty,  w h e r e a f t e r   the  food  i s  

i n t roduced   and  the  whole  is  put  into  the  oven.  Usually  it   is  a l s o  

necessa ry   to  push  a  but ton  for  i n i t i a l   t empera tu re   (e.g.   f r o z e n ,  

r e f r i g i r a t o r   t empe ra tu r e ,   room  t empera tu re )   and  another   for  d e s i r e d  

10  process   (e .g.   d e f r o s t i n g ,   r e - h e a t i n g ,   cooking) .   In  a  newer  type  o f  

au tomat ic   con t ro l   humidity  sensing  and  weight  sensing  have  also  been  

combined.  In  these  knwon  systems  the  weighing  sca le   however  only  s e r v e s  

as  an  a u x i l l i a r y   device  in  order  to  decrease   the  requ i rement   f o r  

judgement  from  the  users   s i d e .  

15  Summerizing  i t   can  be  said  tha t   ev ident   l i m i t a t i o n s   a r e  

s t i l l   i n h e r e n t   in  systems  using  known  t e chn i c .   These  are  in  f i r s t   hand 

d i r t   s e n s i t i v i t y   of  humidity  and  i n f r a r e d   t r a n s d u c e r s   and  tha t   t h e  

t r a n s d u c e r s   wil l   bottom  e a r l y .  

The  i n v e n t i o n   r e l a t e s   to  an  au tomat ic   hea t ing   p r o c e d u r e  

20  in  oven,  which  is  c o n t r o l l e d   thereby   tha t   a  s igna l   r e p r e s e n t i n g   t h e  

i n s t a n t a n e o u s   c o n d i t i o n   of  the  food  during  the  hea t ing   procedure   is  f e d  

back  to  the  energy  source  and  the  ob jec t   of  the  i nven t ion   is  to  e n a b l e  

an  improved  and  more  optimal  con t ro l   of  the  au tomat ic   process   than  t h a t  

ob ta ined   with  use  of  p r e v i o u s l y   known  sensors ,   in  p a r t i c u l a r   h u m i d i t y  

25  s e n s o r s .  

According  to  the  i n v e n t i o n   th i s   is  achieved  thereby  t h a t  

the  weight  decrease   of  the  food  during  the  hea t ing   is  measured  and  used  

as  con t ro l   parameters   in  the  au tomat ic   hea t ing   p r o c e s s .  
The  i n v e n t i o n   is  based  upon  the  idea  tha t   the  w e i g h t  

30  decrease   and  the  course  of  the  same  will   give  a  b e t t e r   i n d i c a t i o n   on  t h e  

evapo ra t i on   and  i t s   course,   which  in  turn  is  a  good  i n d i c a t i o n   on  t h e  

i n s t a n t a n e o u s   c o n d i t i o n   of  the  food,  than  tha t   which  can  be  o b t a i n e d  

with  use  of  humidi ty  sensor .   The  weight  decrease   wil l   for  example  not  be 

cons t an t   u n t i l   a  moment,  when  the  food  has  been  heated  down  to  an 
35  a p p r e c i a b l e   depth  below  the  su r f ace ,   so  tha t   i t s   cool ing  due  to  h e a t  

convent ion   inwardly  is  small .   The  su r face   t empera tu re   then  does  not  need 

to  be  100°C  because  the  power  balance  due  to  convec t ive   and 
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e v a p o r a t i v e   su r face   cool ing   can  occur  e a r l i e r .   The  weight  decrease   and 

i t s   course  can  be  used  for  sens ing  the  c o n d i t i o n   of  the  food  far  beyond 

the  moment,  when  for  example  a  humidi ty  t r a n s d u c e r   according   to  know 

t echn ic   has  ceased  to  produce  s igna l   v a r i a t i o n .   Fur thermore   s u p p l i e d  

5  power  can  e a s i l y   be  sensed  by  the  e l e c t r o n i c   means  which  are  inc luded  i n  

the  system:  then  a  f u r t h e r   p o s s i b i l i t y   is  ob ta ined   for  comparison  w i t h  

the  weight  decrease   ra te   for  c o n t r o l l i n g   the  t e r m i n a t i o n   of  the  h e a t i n g  

or  cooking  p r o c e s s .  
The  weight  dec rease   as  such,  however,  does  not  a l w a y s  

10  provide  the  best  i n d i c a t i o n   on  how  far  the  hea t ing   has  a d v a n c e d .  

However,  if  the  i n i t i a l   weight  and  the  v a r i a t i o n   ra te   of  the  weight  a r e  
known  an  a p p r e c i a b l y   improved  au tomat ic   c o n t r o l   can  be  r e a l i z e d .  

According  to  another   f e a t u r e   of  the  i n v e n t i o n   t h e r e f o r e  

the  i n i t i a l   weight  of  the  food  is  measured  and  used  in  combinat ion   w i t h  

15  the  weight  dec rease   for  c o n t r o l l i n g   the  au tomat ic   p r o c e s s .  
According  to  a  f u r t h e r   f e a t u r e   the  i n s t a n t a n e o u s   w e i g h t  

decrease   r a te ,   i . e .   the  weight  dec rease   per  time  un i t ,   is  de te rmined   and 

used  in  order  to  con t ro l   the  p r o c e s s .  
A  usable   con t ro l   parameter   r e p r e s e n t i n g   the  w e i g h t  

20  dec rease   is  the  e lapsed   time  u n t i l   a  given  a b s o l u t e   or  r e l a t i v e   w e i g h t  
decrease   has  o c c u r e d .  

Another  usable   con t ro l   parameter   r e p r e s e n t i n g   the  w e i g h t  
decrease   ra te   is  the  e lapsed   time  u n t i l   a  given  weight  decrease   ra te   has  

been  r e a c h e d .  

25  Su i t ab ly   the  a b s o l u t e   or  r e l a t i v e   weight  decrease   can  be 
used  in  combinat ion  with  the  i n s t a n t a n e o u s   weight  decrease   ra te   f o r  

c o n t r o l l i n g   the  au tomat ic   hea t ing   p r o c e s s .  
In  a  p r e f e r r e d   method  accord ing   to  the  i nven t ion   t h e  

in tended   process   type  ( d e f r o s i n g ,   r e - h e a t i n g ,   cooking)  can  be  s e l e c t e d  
30  by  the  user ,   t h i s   s e l e c t i o n   being  used  in  combinat ion   with  measured  

weight  decrease   or  weight  dec rease   ra te   in  a  pre-programmed  f i n a l  

p r o c e s s i n g   a lgo r i t hm  with  the  i n i t i a l   weight  as  v a r i a b l e .  

The  method  accord ing   to  the  i n v e n t i o n   can  s u i t a b l y   be 
used  in  au tomat ic   con t ro l   of  the  hea t ing   process   in  a  microwave  oven.  A 

35  microwave  oven,  in  which  the  method  is  used,  compris ing  an  oven  c a v i t y  
for  accomodating  the  food  to  be  heated  and  a  microwave  source  f o r  

feeding  microwave  energy  into  the  cav i ty ,   is  accord ing   to  the  i n v e n t i o n  
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c h a r a c t e r i z e d   thereby  tha t   i t   comprises  a  weighing  device  which 

c o n s e c u t i v e l y   ( c o n t i n o u s l y   or  i n t e r m i t t e n t l y )   de te rmines   the  weight  of  

the  food  in t roduced   into  the  oven  cav i ty   and  d e l i v e r s   a  s i g n a l  

r e p r e s e n t i n g   th is   weight,   an  a n a l o g u e - t o - d i g i t a l   conve r t e r   f o r  

5  conve r t i ng   the  weight  i n d i c a t i n g   s igna l   to  a  d i g i t a l   magnitude  and  a  
con t ro l   device  for  the  microwave  source,   which  is  suppl ied   with  t h e  

s igna l   from  the  a n a l o g u e - t o - d i g i t a l   conve r t e r   and  is  adapted  t o  

i n f l u e n c e   the  hea t ing   process   as  regards   power  l eve l   and/or   r e m a i n i n g  

process   time  in  dependence  on  parameters   which  are  der ived  from  the  s a i d  

10  weight  i n d i c a t i n g   s igna l   and  which  r e p r e s e n t   weight  decrease   or  w e i g h t  
decrease   rate   and  e lapsed   time  and  i n i t i a l   w e i g h t .  

The  microwave  oven  can  fu r the rmore   comprise  a  k e y b o a r d  
for  s e t t i n g   des i r ed   process   type  ( d e f r o s t i n g ,   r e - h e a t i n g ,   cooking) ,   t h e  

s e t t i n g   of  the  keyboard  i n f l u e n c i n g   the  con t ro l   device  to  p r o d u c e  
15  de s i r ed   f i n a l   hea t ing   in  combinat ion  with  measured  weight  decrease   o r  

weight  decrease   ra te   and  i n i t i a l   w e i g h t .  
The  i nven t ion   is  i l l u s t r a t e d   by  means  of  the  accompanying 

drawings,   in  which 

Figure  1  shows  the  power  balance  during  hea t ing   in  a  
20  microwave  oven,  

Figure  2  shows  the  co r r e spond ing   power  balance  in  case  o f  

cooking,  i . e .   when  the  t empera tu re   no  longer  i n c r e a s e s ,  

Figure  3  shows  some  curves  over  the  weight  decrease   f o r  
d i f f e r e n t   food  p roduc ts   as  func t ion   of  the  time  in  case  of  hea t ing   i n  

25  microwave  oven,  

Figure  4  shows  a  coarse  block  diagram  for  a  microwave 

oven  accord ing   to  the  i nven t ion   and 

Figure  5  shows  a  flow  diagram  for  the  process   in  case  o f  
au tomat ic   con t ro l   of  a  microwave  oven  accord ing   to  the  p r i n c i p l e s   of  t h e  

30  i n v e n t i o n .  

In  Fig.  1,  showing  the  power  balance  during  hea t ing   at  a  
t empera tu r   of  ca.  40°C,  P0  r e p r e s e n t s   supp l ied   power,  P1  r e p r e s e n t s  
the  e v a p o r a t i v e   l o s s e s ,   P2  r e p r e s e n t s   the  convec t ive   l o s se s ,   P3 

r e p r e s e n t s   losses   due  to  hea t ing   of  ve s se l ,   while  P4  r e p r e s e n t s   t h e  
35  u t i l i z e d   power,  i . e .   the  power  which  is  d i s s i p a t e d   in  the  food  and  which 

causes  t empera tu re   i n c r e a s e   t h e r e i n .   It  is  ev iden t   tha t   the  main  par t   o f  
the  suppl ied   is  u t i l i z e d   in  the  food,  while  the  e v a p o r a t i v e   loss  power 
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as  well  as  remaining  loss  powers  are  r e l a t i v e l y   small  as  compared  w i t h  

the  u t i l i z e d   power.  

In  Fig.  2  showing  the  power  balance  in  case  of  cook ing  
(ca.  100°C),  P0  again  r e p r e s e n t s   supp l ied   power,  while  P1 '  

5  r e p r e s e n t s   the  e v a p o r a t i v e   losses   and  P2'  the  convec t ive   l o s s e s .   The 
u t i l i z e d   power  in  the  food  is  zero  as  well  as  losses   due  to  hea t ing   o f  
the  v e s s e l .   In  th i s   case  a l l   supp l ied   power  a lso  must  be  removed,  which 

u s u a l l y   takes  place  by  e v a p o r a t i o n .   This  wi l l   r e s u l t   in  a  c o n s t a n t  

weight  decrease   r a t e .   An  e v a p o r a t i v e   loss  power  of  300  W  for  example  
10  co r responds   to  a  weight  dec rease   ra te   of  ca.  8g /» inu t e   at  a  s u r f a c e  

t empera tu re   of  +80°C. 

In  s t a t e   of  t r a n s i t i o n   from  the  hea t ing   c o n d i t i o n  

accord ing   to  Fig.  1  to  the  cooking  c o n d i t i o n   accord ing   to  Fig.  2  t h e  

e v a p o r a t i v e   losses   wi l l   vary  with  time,  r e s u l t i n g   in  a  weight  d e c r e a s e  
15  ra te   which  va r i e s   with  time.  By  measuring  the  weight  decrease   or  w e i g h t  

dec rease   ra te   i t   is  thus  p o s s i b l e   to  ob ta in   a  r e l i a b l e   i n d i c a t i o n   on  how 
far  the  hea t ing   has  advanced .  

Fig.  3  shows  some  curves  over  the  w e i g h t  
decrease   S  as  f unc t ion   of  the  time  £  in  some  d i f f e r e n t   hea t ing   c a s e s :  

20  the  curve  1a  r e l a t e s   to  ca.  400  g  water  or  soup  in  an  open  pan,  t h e  

curve  1b  the  same  q u a n t i t y   in  a  covered  pan,  the  curve  2  r e l a t e s   t h e  
same  q u a n t i t y   of  compact  food,  for  example  pudding,  in  a  covered  pan  and 
the  curve  3  r e l a t e s   to  a  l a rge r   q u a n t i t y   (1000  g)  of  compact  food.  The 
i n i t i a l   t empera tu re   is  in  a l l   cases  normal  room  t empera tu re   and  the  oven 

25  is  a  microwave  oven  with  ca.  600  W  output   power .  
It  is  ev iden t   tha t   the  weight  decrease   as  such  not  a lways  

gives  the  best  i n d i c a t i o n   on  how  far  the  hea t ing   has  advanced.  I t   i s  
fu r the rmore   ev iden t   tha t   a  humidi ty  sensor  supply ing   a  s igna l   at  a  g i v e n  
- r e l a t i v e l y   low-  d e r i v a t a   (see  Fig.  3)  should  produce  values  which  must 

30  be  c o r r e c t e d   due  to  inner   convec t ion ,   cover ing ,   if  any,  and  q u a n t i t y   i n  
order  to  be  f u l l y   usuable .   However,  if  the  i n i t i a l   weight  and  t h e  
v a r i a t i o n   ra te   of  the  weight  are  known  an  a p p r e c i a b l y   improved  sys tem 
can  be  c o n s t r u c t e d .   According  to  the  i n v e n t i o n   th i s   may  be  done  in  t h e  
fo l lowing  manner,  r e f e r e n c e   being  made  to  Fig.  3: 

55  A.  The  i n i t i a l   weight  M  is  s to red   in  the  e l e c t r o n i c   memory 
of  the  system  ( t a r i n g   is  presumed).   The  i n i t i a l   t empera tu re   T1  ( f r o z e n ,  
r e f r i g i r a t o r   t e m p e r a t u r e ,   room  t empe ra tu r e )   is  set  by  the  user  as  w e l l  
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as  in tended   process   ( hea t i ng ,   c o o k i n g ) .  

B.  The  time  t^  u n t i l   a  weight  decrease   of  for  example  2  g 
has  occured  is  s to red .   -  In  Fig.  3  a  weight  decrease   of  2  g  is  i n d i c a t e d  

by  the  dashed  h o r i z o n t a l   l ine   and  two  values  of  t1  marked  with  an  
5  arrow;  more  c lose ly   t^  (1a)  in  the  case  1a  and  t1  (2)  in  the  c a s e  

2  .  -  The  program  now  can  decide  what  type  of  food  i t   is  ques t ion   of  :  i f  

t^/M  (with  c o r r e c t i o n   for  T1)  is  small  then  the  food  is  bulky  and 

d i f f i c u l t   to  heat  and  should  in  the  fo l lowing  be  heated  at  a  low  power; 
if  the  said  magnitude  is  large  the  f u r t h e r   hea t ing   can  be  e f f e c t e d   at  a  

10  high  power;  if  M  is  small ,   t^/M  is  large  and  hea t ing   (not  cooking)  i s  

des i r ed   then  the  process   can  be  i n t e r r u p t e d   d i r e c t l y .  

C.  The  weight  is  determined  at  even  i n t e r v a l s   and  t h e  

decrease   ra te   v  is  c a l c u l a t e d .   -  The  program  now  compares  y.  with  t h e  

(power  dependent)   maximal  value  V  in  case  of  t empera tu re   e q u i l i b r i u m .  

15  When  v/V  has  reached  a  c e r t a i n   value  the  f i na l   hea t ing   is  i n i t i a t e d ;   i t s  

du ra t i on   depends  upon  the  t o t a l   time  reached  u n t i l   then,  p o s s i b l y   a l s o  

t-j,  and  the  set  process   type.  -  If  M  is  la rge   the  remaining  time  i n  

case  of  r e h e a t i n g   can  be  0;  the  same  is  va l id   if  M  is  small  and  cook ing  

is  c o n c e r n e d .  

20  In  the  marked  case  t^  ( 1 a ) :  

-  t^/M  is  r a t he r   large  and 

-  M  is  r a t h e r   s m a l l .  

If  hea t ing   is  concerned  the  hea t ing   process   can  be 

i n t e r r u p t e d   immediate ly   (the  t empera tu re   is  ca.  65°C).  

25  If  d e s i r e d ,   the  hea t ing   time  can  be  e longa ted   with  c a .  
30%  which  r e s u l t s   in  a  f i na l   t empera tu re   of  75°C. 

In  the  case  t^  (2)  : 
-  t ^M  is  r e l a t i v e l y   s m a l l .  

The  hea t ing   con t inues   with  a  r e l a t i v e l y   low  power  ( t h i s  

30  has  not  been  done  in  the  curve) .   After   a  while  v/V  wil l   be  >  a  given  p r e -  
programmed  value  (perhaps  a f t e r   3  minutes ) .   Then  the  hea t ing   c o n t i n u e s  

f u r t h e r   30%  of  the  t o t a l   hea t ing   time  u n t i l   then,  w h e r e a f t e r   the  food  i s  

ready  . 
Fig.  4  shows  s c h e m a t i c a l l y   a  microwave  oven  w i t h  

35  magnetron  and  a  coarse  diagram  for  a  con t ro l   c i r c u i t ,   by  means  of  which 

the  p r i n c i p l e s   of  the  i nven t ion   can  be  r e a l i z e d .   In  the  drawing  A 

d e s i g n a t e s   an  oven  cav i ty ,   B  is  a  magnetron  which  via  a  waveguide  
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connec t ion   (not  shown)  feeds  microwave  energy  into  the  cav i ty   and  C  is  a  

s t a r t - s t o p   c i r c u i t   for  the  magnetron.  In  C  is  inc luded   a  t imer  and  an 

i n t e r m i t t e n t l y   o p e r a t i n g   switch  a r rangement ,   as  a  cam  fo l lower   d e v i c e ,  

whereby  the  average  power  d e l i v e r e d   by  the  magnetron  can  be  s e t .  

5  A  weighing  sca le   D  is  accord ing   to  the  i nven t ion   p l a c e d  

in  the  bottom  of  the  cav i ty   and  measures  c o n t i n o u s l y   the  weight  of  t h e  

i n t r o d u c e d   food.  The  s ca l e ,   which  may  of  s t r a i n   gaugetype,   d e l i v e r s   an  

e l e c t r i c a l   s igna l   which  r e p r e s e n t s   the  i n s t a n t a n e o u s   value  of  t h e  

measured  weight .   This  s igna l   is  fed  to  an  a n a l o g u e - t o - d i g i t a l   c o n v e r t e r  

10  E,  in  which  it   is  conver ted   to  a  d i g i t a l   s i g n a l ,   and  is  t h e r e a f t e r  

app l i ed   to  a  con t ro l   device  F.  At  a  second  input   the  con t ro l   device  F 

r e c e i v e s   s i g n a l s   from  a  keyboard  G  and  d e l i v e r s   i t s   output   s igna l   to  t h e  

s t a r t - s t o p   c i r c u i t   for  the  magnetron.  The  keyboard  G  can  a lso  be 

d i r e c t l y   connected  to  the  s t a r t - s t o p   c i r c u i t   for  pure  manual  s e t t i n g .  

15  At  o p e r a t i o n   with  au tomat ic   con t ro l   the  hea t ing   o r  

cooking  process   is  accord ing   to  the  i n v e n t i o n   c o n t r o l l e d   with  s i g n a l s  

de r ived   from  the  weight  i n d i c a t i n g   s igna l   d e l i v e r e d   by  the  sca le   D.  The 

con t ro l   device  F  comprises   for  t h i s   purpose  memory  means,  in  which  t h e  

i n i t i a l   weight  of  the  i n t r o d u c e d   food  with  r e d u c t i o n   for  the  weight  o f  

20  the  vesse l   is  s t o red .   Fur thermore   the  con t ro l   device  F  has  c a l c u l a t i n g  

means  which  from  the  weight  i n d i c a t i n g   s igna l   de r ives   m a g n i t u d e s  

r e p r e s e n t i n g   the  weight  dec rease   and/or   the  weight  decrease   r a t e .   By 

means  of  these  magni tudes:   i n i t i a l   weight ,   weight  decrease   a n d / o r  

weight  dec rease   ra te   then  the  hea t ing   or  cooking  process   is  c o n t r o l l e d  

25  such  tha t   optimal  r e s u l t   is  ob ta ined   in  each  i n d i v i d u a l   hea t ing   c a s e .  

The  con t ro l   device  F  can  s u i t a b l y   comprise  a 

m i c r o p r o c e s s o r   or  the  l i ke ,   which  is  pre-programmed  to  perform  d e s i r e d  

f u n c t i o n .   An  example  of  a  flow  diagram  for  a  program  which  is  e x e c u t e d  

by  a  m i c r o p r o c e s s o r   inc luded   in  the  con t ro l   device  is  given  in  Fig.  5. 

30  The  process   is  s t a r t e d   by  pushing  ah  "on  " - b u t t o n ,  

r e p r e s e n t e d   by  the  block  10  in  Fig.  5,  whereby  the  oven  is  made  c l e a r  

for  use.  T h e r e a f t e r   t a r i n g   is  e f f e c t e d   by  p u t t i n g   the  empty  vesse l   i n t o  

the  oven  and  pushing  a  but ton   marked  " t a r ing"   r e p r e s e n t e d   by  the  b l o c k  

11  in  Fig.  5,  whereby  the  vesse l   is  weighed  and  the  weight  of  the  v e s s e l  

35  M.j.  is  s to red .   Then  the  vesse l   is  f i l l e d   with  food  to  be  heated  and 

weighing  of  the  food  plus  the  vesse l   is  i n i t i a t e d   by  pushing  a 

co r r e spond ing   but ton  on  the  keyboard.   This  o p e r a t i o n   is  r e p r e s e n t e d   by 
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the  block  12  in  Fig.  5.  The  i n i t i a l   weight  M  of  the  food  is  t h e n  
c a l c u l a t e d   by  s u b t r a c t i n g   the  weight  MT  of  the  vesse l   from  the  t o t a l  
weight  determined  in  the  block  12  and  the  value  of  M  is  s tored   in  o r d e r  
to  serve  as  a  con t ro l   parameter   during  the  whole  hea t ing   p rocess .   The 

5  c a l c u l a t i o n   and  s t o r i n g   of  the  i n i t i a l   weight  M  is  r e p r e s e n t e d   by  t h e  
block  13  in  Fig.  5.  In  the  block  14  i t   is  checked  if  M  is  smal ler   t h a n  
50  g.  If  the  answer  is  "yes"  then  the  process   is  i n t e r r u p t e d ,   the  b l o c k  
15,  and  the  oven  assumes  ready  s t a t e   for  manuel  hea t ing .   This  is  b e c a u s e  
so  small  q u a n t i t i e s   are  not  heated  a u t o m a t i c a l l y .   If  the  answer  is  "no" 

10  then  the  process   con t inues   thereby   tha t   a  parameter   T1  r e p r e s e n t i n g   t h e  
i n i t i a l   t empera tu re   of  the  food  is  se t ,   the  block  16.  T1  which  is  set  by 
means  of  but tons   on  the  keyboard  can  for  example  assume  one  of  t h r e e  
values   r e p r e s e n t i n g   " f r eez ing   t e m p e r a t u r e " ,   "ref  r i g i r a t o r   t e m p e r a t u r e "  
and  "room  t e m p e r a t u r e " ,   r e s p e c t i v e l y .   Then  de s i r ed   process   is  s e l e c t e d ,  

15  the  block  17,  also  by  means  of  bu t tons   on  the  keyboard.   For  t h e  
s e l e c t i o n   in  the  block  17  there   are  for  example  two  a l t e r n a t i v e s :  
"heat ing"   and  "cooking*.  The  hea t ing   process   is  then  s t a r t e d   by  p u s h i n g  
a  s t a r t   but ton,   the  block  18,  whereby  the  magnetron  is  connected  to  i t s  
o p e r a t i o n   vo l t age .   S imul t anous ly   the  timer  is  s t a r t e d   for  i n d i c a t i n g   t h e  

20  running  time  t  from  the  s t a r t   of  the  magnetron,  the  block  19.  In  t h e  
block  20  the  abso lu t e   decrease   of  weight  M-Mp  is  determined  and  t h e  
fo l lowing   ques t ion   "is  M-Mp  l a rge r   than  2  g  ?"  is  made,  Mp  being  t h e  
weight  of  the  food  during  the  hea t ing .   If  the  answer  to  the  ques t ion   i n  
the  block  20  is  "no"  then  r e p e a t e d l y   new  c a l c u l a t i o n   of  the  a b s o l u t e  

25  decrease   of  weight  M-Mp  and  comparison  with  the  a b s o l u t e   value  2  g  i s  
e f f e c t e d .   If  the  answer  in  the  block  20  is  "yes"  then  the  t imer  is  r e a d  
and  the  time  t1  r equ i r ed   to  reach  the  weight  decrease   2  g  is  s t o r e d ,  
block  21.  Now  the  program  cont inues   by  forming  a  parameter   A,  the  b l o c k  
22,  which  is  def ined  by  the  f o r m u l a :  

30  A  =  f  (t.,/M  +  k  T1) 
where  f  is  an  e m p i r i c a l l y   obta ined  func t ion ,   t-j,  M  and  T1  have  t h e  
p r e v i o u s l y   mentioned  meanings  and  k_  is  a  scale   f a c t o r .   The  value  of  t h e  
parameter   A  is  an  i n d i c a t i o n   on  how  d i f f i c u l t   i t   is  to  heat  the  f ood ;  
the  smal ler   A  is  the  more  d i f f i c u l t   i t   is  to  heat  the  o b j e c t .  

35  In  the  block  23  the  fo l lowing  ques t ion   "is  M  small ,   A 
large  and  hea t ing   concerned?"  is  made.  If  the  answer  to  th is   q u e s t i o n  
is  "yes"  then  the  hea t ing   process   can  be  i n t e r r u p t e d ,   the  block  24,  and 
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oven  r e t u r n s   to  the  ready  p o s i t i o n   for  new  hea t i ng .   If  the  answer  in  t h e  
block  23  is  "no"  then  the  process   wil l   con t inue ,   which  in  f i r s t   hand  i s  
e f f e c t e d   by  s e l e c t i o n   of  power .  

The  power  s e l e c t i o n   is  made  in  dependence  of  t h e  
5  parameter   A  and  in  the  block  25  the  ques t ion   "is  A  l a rge r   than  x?"  i s  

made,  x  being  a  s to red   c o n s t a n t .   If  the  answer  is  "yes"  then  the  oven  i s  
set  to  a  high  power  P  =  Ph,  the  block  26.  If  the  answer  in  the  b l o c k  
25  is  "no"  then  the  program  con t inues   to  the  block  27.  Here  the  q u e s t i o n  
"is  A  l a rge r   than  y?"  is  made,  y_  a lso  being  a  s to red   cons t an t   (y  <  x ) .  

10  If  the  answer  in  the  block  27  is  "yes"  then  the  oven  is  set  to  a  mean 
power  P  =  Pm,  the  block  28.  If  the  answer  in  the  block  27  is  "no"  t h e n  
the  program  con t inues   to  the  block  29.  Here  the  ques t ion   "is  A  l a r g e r  
than  z?"  is  made,  %.  (z  <  y)  being  a  s to red   c o n s t a n t .   If  the  answer  i n  
the  block  29  is  "yes"  then  the  oven  is  set  to  a  low  power  P  =  P1#  t h e  

15  block  30. 

The  c o n s t a n t s   jc,  y_  and  £  are  e m p i r i c a l l y   de termined  i n  
such  manner  tha t   the  power  P  is  adapted  to  the  load  in  each  i n d i v i d u a l  
o p e r a t i o n   c a s e .  

Immediat ley  a f t e r   the  s e l e c t i o n   of  power  l eve l   for  t h e  
20  con t inued   hea t ing   a  parameter   V  is  de te rmined ,   which  parameter   i s  

def ined   as  the  maximal  weight  dec rease   per  time  un i t ,   i . e .   the  w e i g h t  
decrease   ra te   at  t empera tu re   e q u i l i b r a t i o n   and  for  the  s e l e c t e d   power.  
This  is  e f f e c t e d   in  the  block  31  in  Fig.  5.  During  the  cont inued   h e a t i n g  
with  the  s e l e c t e d   power  now  a  measuring  procedure   takes  p lace ,   which 

25  leads  to  f i na l   hea t ing   and  s w i t c h i n g - o f   f  of  the  oven.  This  is  in  f i r s t  
hand  e f f e c t e d   by  means  of  the  weight  dec rease   r a t e ,   which  is  d e t e r m i n e d  
i n t e r m i t t e n t l y   with  a  time  i n t e r v a l   of  tyl  e .g.   20  seconds,   the  b l o c k s  
32  and  .33.  In  the  block  32  the  running  time  t '   from  fo rego ing   w e i g h t  
measurement  is  de te rmined   and  the  ques t ion   "is  t '   equal  to  t?"  i s  

50  made.  Is  the  answer  "no"  then  the  time  measurement  c o n t i n u e s .   Is  t h e  
answer  "yes"  then  the  i n s t a n t a n e o u s l y   p r e v a i l i n g   weight  Mpi  i s  
measured,  the  block  33.  In  the  block  34  the  weight  decrease   ra te   V.̂   i s  
c a l c u l a t e d   accord ing   to  the  f o r m u l a :  

v1  =  AMi/ tv  
15  where  AMi  =  Mpi  -  Mp  ( i -1)   is  the  weight  dec rease   and  i  is  t h e  

running  order  number  of  the  weight  measurement .  
In  the  block  35  the  ques t ion   "is  smal ler   t h a n  
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V^.^?"  is  made.  If  the  answer  is  "yes"  th i s   can  i n d i c a t e   a  s t a r t i n g  

" d r y - b o i l i n g "   or  a  s imi l a r   abnormal  happening  and  the  hea t ing   i s  

immediately  i n t e r r u p t e d ,   the  block  36.  Is  the  answer  in  the  block  35 

"no"  then  the  program  proceeds  to  block  37,  in  which  the  r a t i o   be tween  
5  ac tua l   measured  weight  decrease   ra te   and  the  p r e v i o u s l y   d e f i n e d  

weight  decrease   rate   V  is  c a l c u l a t e d .  

This  r a t i o   v^/V  is  in  most  cases  a  good  i n d i c a t i o n   on 
how  far  the  hea t ing   has  advanced  and  is  used  for  i n i t i a t i n g   f i n a l  

hea t ing .   Before  th i s   is  made,  however,  a  check  is  made  of  the  t o t a l  
10  hea t ing   time  t,  the  block  38.  Here  the  ques t ion   "is  t  l a rge r   than  f  

(t,  P,  M)  ?  "  is  made,  where  f'  is  a  func t ion   of  the  time  £,  the  power 
P  and  the  i n i t i a l   weight  M.  If  the  answer  in  the  block  38  is  "yes"  t h e n  

the  remaining  hea t ing   time  tr  in  th i s   case  is  set  equal  to  f   (t,  P, 
M),  the  block  39,  w h e r e a f t e r   the  hea t ing   is  i n t e r r u p t e d ,   the  block  40. 

15  the  f unc t i on   f  '  (t,  P,  M)  is  then  such  tha t   very  la rge   q u a n t i t i e s   o f  

food,  which  could  r e s u l t   in  tha t   a  value  for  v/V,  which  normally  is  u sed  

to  i n i t i a t e   f i na l   hea t ing ,   never  wil l   be  reached,   i n s t ead   are  f i n a l l y  
heated  accord ing   to  the  rule  given  in  the  block  39. 

If  the  answer  in  the  block  38  is  "no"  then  in  block  41 
20  the  ques t ion   "is  w/V  l a rge r   than  a?"  is  made,  a  being  a  s t o r e d  

c o n s t a n t .   If  the  answer  is  "no"  the  program  r e t u r n s   to  the  beginning  o f  
the  block  32  and  new  d e t e r m i n a t i o n   of  the  weight  decrease   ra te   vv  nad 

thereby  of  vv/V  is  e f f e c t e d .   When  the  weight  decrease   ra te   has  r e a c h e d  
such  a  high  value  tha t   the  answer  in  the  block  41  is  "yes"  then  t h e  

25  program  proceeds  to  the  block  42.  Here  the  ques t ion   "is  M  smal ler   t h a n  
m?M  is  made,  m  r e p r e s e n t i n g   a  r e l a t i v e l y   small  q u a n t i t y   of  food.  If  t h e  

answer  in  the  block  42  is  "yes"  then  the  hea t ing   is  i n t e r r u p t e d  

immediate ly ,   the  block  43,  and  the  oven  r e t u r n s   to  the  ready  s t a t e .   I f  
the  answer  in  the  block  42  is  "no",  which  is  va l id   for  med ium-s i zed  

30  q u a n t i t i e s   of  food,  then  the  program  proceeds  to  the  block  44  where  t h e  
f ina l   time  t0  is  determined  accord ing   to  the  f o r m u l a :  

ts  =  f " ( s   .  t  +  r  .  t . , )  
where  f "   is  an  e m p i r i c a l l y   de termined  func t ion   of  t  and  t1  and  s_, 
r  are  sca le   f a c t o r s .  

35  At  the  same  time  the  f i na l   power  P0  is  de termined,   t h e  
block  45,  according  to  the  f o r m u l a ;  

P  =  f  "  '  (s  .  M) 
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where  f  "  '  is  an  e m p i r i c a l l y   de termined  func t ion   of  M  and  g  is  a  s c a l e  

f ac to r   . 
After  s e t t i n g   of  the  f i na l   power  P0  the  ques t ion   "is  t  

equal  to  t0?"  is  made  in  the  block  46.  As  long  as  the  answer  in  t h e  

5  block  46  is  "no"  the  f i na l   hea t ing   con t inues   with  the  de termined  power.  

When  the  answer  in  the  block  46  is  "yes"  then  the  hea t ing   i s  

i n t e r r u p t e d ,   the  block  47,  and  the  oven  r e tu rns   to  the  ready  s t a t e .  
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1.  A  method  for  hea t ing   food  m  oven,  in  which  energy  is  f e d  
into  an  oven  space,  where  the  food  is  placed,   and  at  l e a s t   one  s i g n a l  
r e p r e s e n t i n g   at  l e a s t   one  parameter   at  the  hea t ing   being  is  fed  back  t o  
a  con t ro l   device  for  the  energy  source  for  i n f l u e n c i n g   the  h e a t i n g  

5  p rocedure ,   for  example  as  regards   power  level   and  remaining  p r o c e s s i n g  
time,  in  an  automat ic   hea t ing   p rocess ,   c h a r a c t e r i z e d   in  tha t   the  w e i g h t  
decrease   of  the  food  during  the  hea t ing   is  determined  and  used  a s  
con t ro l   parameter   in  the  au tomat ic   hea t ing   p r o c e s s .  
2.  A  metod  as  claimed  in  the  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

10  the  i n i t i a l   weight  of  the  food  is  measured  and  used  in  combinat ion  w i t h  
the  weight  decrease   for  c o n t r o l l i n g   the  au tomat ic   p r o c e s s .  
3.  A  method  as  claimed  in  the  Claim  1  or  2,  c h a r a c t e r i z e d   i n  
that   the  time  un t i l   a  given  ab so lu t e   or  r e l a t i v e   weight  decrease   has  
occured  is  determined  and  used  as  con t ro l   p a r a m e t e r .  

'5  4.  A  method  as  claimed  in  the  Claim  1  or  2,  c h a r a c t e r i z e d   i n  
tha t   the  i n s t a n t a n e o u s   weight  dec rease   r a te ,   i . e .   weight  decrease   p e r  
time  un i t ,   is  determined  and  used  as  con t ro l   p a r a m e t e r .  
5.  A  method  as  claimed  in  the  Claim  4,  c h a r a c t e r i z e d   in  t h a t  
the  time  u n t i l   a  given  i n s t a n t a n e o u s   weight  decrease   ra te   has  been  

20  reached  is  determined  and  used  as  a  measure  of  the  weight  decrease   r a t e  
6.  A  method  as  claimed  in  any  of  the  Claims  1 -5 ,  
c h a r a c t e r i z e d   in  tha t   the  abso lu t e   or  r e l a t i v e   weight  decrease   is  used  
in  combinat ion  with  the  weight  decrease   rate   for  c o n t r o l l i n g   t h e  
automat ic   hea t ing   p r o c e s s .  

-5  7.  A  method  as  claimed  in  any  of  the  Claims  1-6,  
c h a r a c t e r i z e d   in  that   the  in tended   process   type  ( d e f r o s t i n g ,   r e - h e a t i n g ,  
cooking)  can  be  s e l ec t ed   by  the  user  and  tha t   th i s   s e l e c t i o n   is  used  i n  
combinat ion  with  measured  weight  decrease   or  weight  decrease   ra te   in  a 
pre-programmed  f i na l   p roces s ing   a lgor i thm  with  the  i n i t i a l   weight  a s  

50  v a r i a b l e .  

8-  A  microwave  oven  for  e f f e c t i n g   the  method  as  claimed  i n  

any  of  the  Claims  1-7  comprising  an  oven  cavi ty   for  accomodating  t h e  
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food  to  be  heated  and  a  microwave  source  for  feeding  microwave  ene rgy  
into  the  cav i ty ,   c h a r a c t e r i z e d   by  a  weighing  device  which  c o n s e c u t i v e l y  
( c o n t i n o u s l y   or  i n t e r m i t t e n t l y )   measures  the  weight  of  the  food 
in t roduced   into  the  oven  cav i ty   and  d e l i v e r s   a  s igna l   r e p r e s e n t i n g   t h i s  

5  weight ,   an  a n a l o g u e - t o - d i g i t a l   conve r t e r   for  conver t ing   the  w e i g h t  
i n d i c a t i n g   s igna l   to  a  d i g i t a l   magnitude  and  a  con t ro l   device  for  t h e  
microwave  source,   to  which  the  s igna l   from  the  a n a l o g u e - t o - d i g i t a l  
c o n v e r t e r   is  fed  and  which  is  adapted  to  i n f l u e n c e   the  h e a t i n g  
p r o c e s s i n g   as  regards   power  level   and/or   the  remaining  process   time  i n  

10  dependence  on  parameters   der ived   from  the  said  weight  i n d i c a t i n g   s i g n a l  
and  r e p r e s e n t i n g   weight  decrease   or  weight  decrease   ra te   and  i n i t i a l  
w e i g h t .  

9.  A  microwave  oven  as  claimed  in  the  Claim  8,  c h a r a c t e r i z e d  
in  tha t   i t   is  fu r the rmore   has  a  keyboard  for  s e t t i n g   of  des i r ed   p r o c e s s  

15  type  ( d e f r o s t i n g ,   r e - h e a t i n g ,   cooking) ,   the  s e t t i n g   of  the  k e y b o a r d  
i n f l u e n c i n g   the  con t ro l   device  to  produce  des i r ed   f i na l   hea t ing   i n  
combinat ion   with  measured  weight  dec rease   or  weight  decrease   ra te   and 
i n i t i a l   w e i g h t .  
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