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©  Heating  apparatus. 
  Heating  apparatus  includes  a  generally  circular  tray  (1) 
having  a  layer  (2)  of  insulative  material  deposited  therewith- 
in  and  supporting  a  number  of  tungsten-halogen  lamps  (5), 
the  tray  (1)  being  mounted  beneath  a  layer  (11)  of  glass 
ceramic  to  form  a  cooking  hob.  To  ensure  that  the  tempera- 
ture  of  the  glass  ceramic  does  not  exceed  a  maximum 
operating  temperature,  metallic  strips  (12)  are  deposited  on 
the  layer  (11)  to  monitor  the  resistance  thereof,  which  is 

indicative  of  the  temperature  of  the  layer  (12).  A  voltage 
signal  (13)  indicative  of the  measured  resistance  of the  layer 
(11)  is  compared  with  a  reference  signal  (15),  which  is 
indicative  of  the  said  maximum  temperature,  and  the  lamps 
(5)  are  de-energised  when  the  amplitude  of  the  voltage 
signal  (13)  is  substantially  the  same  as,  or  less  than,  that  of 
the  reference  signal  (15). 



This  i n v e n t i o n   r e l a t e s   to  h e a t i n g   appa ra tu s   and  i n  

p a r t i c u l a r ,   though  not  e x c l u s i v e l y ,   to  such  appara tus   d e s c r i b e d  

in  our  co-pending  U.K.  Patent   A p p l i c a t i o n   No.8320717,  

i n c o r p o r a t i n g   one  or  more  sources   of  i n f r a - r e d   r a d i a t i o n .  

Heat ing  appara tus   of  t h i s   kind  c o n s i s t s   of,  in  one  example ,  

a  sha l low  t ray   member  con t a in ing   i n s u l a t i v e   m a t e r i a l   and 

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

The  t r ay   member,  u sua l ly   along  with  a  number  of  s i m i l a r   members,  

is  mounted  beneath  a  layer  of  g lass   ceramic ,   so  as  to  form  a  

cooking  h o b .  

I t   is  necessa ry   to  ensure  t ha t   the  o p e r a t i n g   t empera tu re   o f  

the  u n d e r s u r f a c e   of  the  glass  ceramic  layer   does  not  exceed  a  

maximum  va lue ,   t y p i c a l l y   about  7000C.  To  t h i s   end,  t h e  

h e a t i n g   appara tus   descr ibed   in  the  a f o r e - m e n t i o n e d   a p p l i c a t i o n  

i n c l u d e s   a  thermal   l i m i t e r ,   d i sposed   in  any  s u i t a b l e   p o s i t i o n  

benea th   the  glass   ceramic  and  c o n s i s t i n g   of  a  m e t a l l i c   r o d ,  

which  is  ad jus t ed   to  t r i p   a  m ic roswi t ch   when  the  maximum 

o p e r a t i n g   t empera tu re   of  the  g lass   ceramic  is  reached,   so  as  t o  

d i s c o n n e c t   the  power  supply  to  the  i n f r a - r e d   l amps .  

However,  the  requi rement   of  a  m e c h a n i c a l l y - o p e r a t e d   t h e r m a l  

l i m i t e r   for  use  in  heat ing  appa ra tu s   of  th i s   kind  may  be 

cons ide red   u n d e s i r a b l e .  

I t   is  t h e r e f o r e   an  objec t   of  the  p resen t   i n v e n t i o n   t o  

provide   an  a l t e r n a t i v e   type  of  thermal   l i m i t e r   to  tha t   known 

h i t h e r t o .  



According  to  the  p r e s e n t   i n v e n t i o n   t he re   is  p r o v i d e d  

hea t ing   a p p a r a t u s   i n c l u d i n g   at  l e a s t   one  source  of  i n f r a - r e d  

r a d i a t i o n   mounted  beneath   a  l aye r   of  g lass   c e r a m i c ,  

c h a r a c t e r i s e d   in  tha t   sa id   appara tus   f u r t h e r   i nc ludes   means  f o r  

measuring  the  r e s i s t a n c e   of  said  l a y e r   of  g l a s s   ceramic,   s a i d  

measured  r e s i s t a n c e   being  i n d i c a t i v e   of  the  o p e r a t i n g  

t e m p e r a t u r e   of  sa id   l a y e r ,   and  c i r c u i t   means  for  c o n t r o l l i n g  

sa id   o p e r a t i n g   t e m p e r a t u r e   in  accordance   with  sa id   measured  

r e s i s t a n c e .  

The  p r e s e n t   i n v e n t i o n   is  p r e f e r a b l y   employed  as  a  t h e r m a l  

l i m i t e r ,   so  t ha t   the  c i r c u i t   means  is  a r ranged   to  compare  a  

vo l tage   s i g n a l   i n d i c a t i v e   of  the  measured  r e s i s t a n c e   with  a  

r e f e r ence   v o l t a g e   s i g n a l   and  to  d e - e n e r g i s e   the  source  o r  

sources   of  i n f r a - r e d   r a d i a t i o n   when  the  v o l t a g e   s i g n a l   i n d i c a t e s  

an  o p e r a t i n g   t e m p e r a t u r e   s u b s t a n t i a l l y   at  or  above  a  

p rede te rmined   maximum  value  of  app rox ima te ly   700°C.  

It  is  p r e f e r a b l e   t ha t   the  r e s i s t a n c e   of  the  g lass   c e r a m i c  

is  measured  by  m e t a l l i c   s t r i p s   depos i t ed   on  the  l aye r   by  t h i c k  

film  t echn iques   or  by  s p u t t e r i n g ,   for  e x a m p l e .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   by  way  o f  

example  only  with  r e f e r e n c e   to  the  accompanying  d r a w i n g s ,  

w h e r e i n : -  

Figure  1  shows  a  s e c t i o n a l   view  of  one  embodiment  of  t h e  

hea t ing   a p p a r a t u s ,   in  accordance  with  the  p r e s e n t   i n v e n t i o n ,  

Figure  2  shows  a  schemat ic   c i r c u i t   diagram  for  use  i n  

con junc t ion   with  the  hea t i ng   appa ra tus   shown  in  Figure  1,  and  

Figures   3  and 4  show  plan  views  of  two  a l t e r n a t i v e  

embodiments  of  the  p r e s e n t   i n v e n t i o n .  

Figure  1  shows  a  g e n e r a l l y   c i r c u l a r   t r ay   1,  which  i s  

p r e f e r a b l y   formed  from  metal   and  has  a  l aye r   2  of  a  s u i t a b l e  

i n s u l a t i v e   m a t e r i a l   d epos i t ed   t h e r e w i t h i n ,   on  the  b a s e  

t h e r e o f .   The  t ray   1  has  two  ex tending   f l a n g e s ,   3  and  4 ,  

arranged  on  oppos i t e   s ides   of  the  rim  t h e r e o f ,   which  s u p p o r t  

r e s p e c t i v e l y   each  end  of  a  number  of  sources   of  i n f r a - r e d  

r a d i a t i o n ,   one  being  shown  at  5.  In  a  p r e f e r r e d   example,  f o u r  

sources  are  a r ranged   across   the  c i r c u l a r   area  of  the  tray  1. 



Each  source   7  of  i n f r a - r e d   r a d i a t i o n   c o m p r i s e s ,  a  

t u n g s t e n - h a l o g e n   lamp  i nc lud ing   a  t uns t en   f i l amen t   7  s u p p o r t e d  

wi th in   a  qua r t z   envelope  6.  Each  lamp  has  moulded  ceramic  end 

caps,   8  and  9,  which  each  enclose  a  pinch  sea l   (not  shown)  w i t h  

an  e l e c t r i c a l   lead  connected  to  the  r e s p e c t i v e   end  of  t h e  

f i l amen t   s ea led   t h e r e i n ,   the  lead  being  welded  to  an  a p p r o p r i a t e  

e l e c t r i c a l   c o n n e c t o r .  

A  moulding  10  of  ceramic  f ib re   m a t e r i a l   is  d i sposed   above 

the  t ray   1 and  p r e s s - f i t t e d   around  the  ends  of  each  source  7  t o  

provide   a  s u i t a b l e   packing  t h e r e f o r .  

The  t ray   1  is  urged  upwardly,  by  a  r e s i l i e n t l y - m o u n t e d  

suppor t   p l a t e   (not  shown),  towards  the  u n d e r s u r f a c e   of  a  l a y e r  

11  of  g lass   ceramic ,   which  forms  the  top  s u r f a c e   of  a  cook ing  

hob .  

To  p r o t e c t   the  layer   11  of  glass   ceramic ,   a  maximum 

o p e r a t i n g   t e m p e r a t u r e   t h e r e o f ,   of  app rox ima te ly   700°C,  s h o u l d  

be  en fo rced .   To  implement  cont ro l   of  the  o p e r a t i n g   t e m p e r a t u r e  

of  the  layer   11,  the  p resen t   i nven t ion   p rov ides   m e t a l l i c   s t r i p s ,  

shown  s c h e m a t i c a l l y   at  12,  which  are  d e p o s i t e d   on  the  u n d e r s i d e  

of  the  layer   11  by  any  s u i t a b l e   d e p o s i t i o n   t e c h n i q u e ,   such  as  a  

th ick   film  t e c h n i q u e ,   to  measure  the  r e s i s t a n c e   of  the  g l a s s  

ceramic  as  the  o p e r a t i n g   tempera ture   t h e r e o f   is  v a r i e d .  

It  has  been  found  tha t   t h e  r e s i s t a n c e   of  the  g lass   ce ramic  

v a r i e s   c o n s i d e r a b l y ,   in  a  l o g a r i t h m i c   manner,  with  the  o p e r a t i n g  

t e m p e r a t u r e ,   such  t h a t   the  r e s i s t a n c e   is  g r e a t e r   than  20M  a t  

room  t e m p e r a t u r e   and  is  reduced  to  app rox ima te ly   1K  at  an 

o p e r a t i n g   t e m p e r a t u r e   of  approx imate ly   700°C.  

I t   can  t h e r e f o r e   be  envisaged  tha t   measurement  of  t h e  

r e s i s t a n c e   of  the  g lass   ceramic,  in  accordance  with  the  p r e s e n t  

i n v e n t i o n ,   p rov ides   a  simple  and  r e l i a b l e   method  of  m o n i t o r i n g  

the  o p e r a t i n g   t e m p e r a t u r e   t h e r e o f ,   which  can  be  used  i n  

c o n j u n c t i o n   with  a  simple  e l e c t r o n i c   c i r c u i t   to  p r o v i d e  

t empera tu re   c o n t r o l .  

One  such  c i r c u i t   is  shown  s c h e m a t i c a l l y   in  F igure   2.  A 

vo l t age   s i gna l   13,  which  is  i n d i c a t i v e   of  the  m e a s u r e d  

r e s i s t a n c e   of  the  l aye r   11  of  glass  ceramic,   which  in  turn  i s  



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

comparator  14,  where in   i t   is  compared  with  a  vo l tage   r e f e r e n c e  

s igna l   15,  which  is  i n d i c a t i v e   of  the  maximum  o p e r a t i n g  

t empera tu re   of  the  g lass   c e r a m i c .  

If  the  ampl i tude   of  the  v o l t a g e   s igna l   13  is  s u b s t a n t i a l l y  

the  same  as,  or  less   t han ,   tha t   of  the  r e f e r e n c e   s igna l   15,  t h e n  

a  s igna l   16  is  g e n e r a t e d   to  d e - a c t i v a t e   a  t r i a c ,   or  re lay   17,  s o  

as  to  d e - e n e r g i s e   the  i n f r a - r e d   lamp,  one  being  shown  at  7,  a s  

in  Figure  1. 

A l t e r n a t i v e l y ,   the  c i r c u i t   a r rangement   may  be  modif ied  s o  

as  to  provide   t e m p e r a t u r e   c o n t r o l   of  the  i n f r a - r e d   lamp,  i n  

accordance  with  a  t e m p e r a t u r e   s e t t i n g   of  a  u s e r - o p e r a b l e  

c o n t r o l ,   so  as  to  d e - e n e r g i s e   the  lamps  when  a  set   t e m p e r a t u r e  

is  reached.   This  could  be  implemented  by  i n c o r p o r a t i o n   of  a  

v a r i a b l e   r e s i s t o r   (not  shown)  in to   the  c i r c u i t   arrangement  t o  

provide  ad jus tment   of  the  ampl i tude   of  the  r e f e r e n c e   s igna l   15, 

in  dependence  on  the  d e s i r e d   t e m p e r a t u r e   s e t t i n g   of  t h e  

c o n t r o l .   Tr iae   17  can  thus  be  a c t i v a t e d   in  s u b s t a n t i a l l y   t h e  

same  manner,  as  in  the  case  where  the  i n v e n t i o n   is  used  m e r e l y  

as  a  thermal   l i m i t e r ,   r a t h e r   than  a  t empera tu re   c o n t r o l .  

F igures   3  and 4  show  plan  views  of  the  hea t ing   a p p a r a t u s  

shown  in  Figure   1,  i l l u s t r a t i n g   two  a l t e r n a t i v e   c o n f i g u r a t i o n s  

of  the  m e t a l l i c   s t r i p s   12  on  the  unde r s ide   of  the  layer   11  o f  

glass   ceramic,   the  s t r i p s   being  a r ranged   to  monitor  one  of  t h e  

hot  p la te   areas  18  of  the  cooking  h o b .  

The  m e t a l l i c   s t r i p s   12  are  connected  to  the  c i r c u i t  

arrangement   via  high  t e m p e r a t u r e   leads   (not  shown)  connected  t o  

ends  19  of  the  s t r i p s   12. 

To  ensure  tha t   the  m e t a l l i c   s t r i p s   e f f i c i e n t l y   monitor  t h e  

h o t p l a t e   area  18,  the  s t r i p s   are  a r ranged   so  t ha t   they  o v e r l a p  

the  ends  of  the  i n f r a - r e d   lamps  5.  It   may  also  be  p r e f e r a b l e  

to  chamfer  the  edges  of  the  ceramic  f i b r e   moulding  10,  as  shown 

at  20  and  21  in  F igure   1,  so  t ha t   the  s t r i p s   12  can  r ece ive   h e a t  

from  wi th in   heated  area  22  below  the  h o t p l a t e   area  18. 



1.  Heat ing  a p p a r a t u s   i n c l u d i n g   at  l e a s t   one  source  (5)  o f  

i n f r a - r e d   r a d i a t i o n   mounted  beneath   a  layer   (11)  of  g l a s s  

ceramic,   c h a r a c t i s e d   in  t ha t   sa id   appa ra tu s   f u r t h e r   i n c l u d e s  

means  (12)  for  measur ing   the  r e s i s t a n c e   of  sa id   layer   (11)  o f  

g lass   ceramic,   said  measured  r e s i s t a n c e   being  i n d i c a t i v e   of  t h e  

o p e r a t i n g   t empera tu re   of  sa id   l aye r   (11),  and  c i r c u i t   means  (14 ,  

17)  for  c o n t r o l l i n g   sa id   o p e r a t i n g   t e m p e r a t u r e   in  a c c o r d a n c e  

with  sa id   measured  r e s i s t a n c e .  

2.  Heat ing  appa ra tu s   as  c laimed  in  claim  1  wherein  s a i d  

c i r c u i t   means  (14,  17)  is  a r ranged   to  compare  a  genera ted   s i g n a l  

(13)  i n d i c a t i v e   of  the  measured  r e s i s t a n c e   with  r e f e r e n c e   s i g n a l  

(15)  to  d e - e n e r g i s e   sa id   source  or  sources  (5)  of  i n f r a - r e d  

r a d i a t i o n   when  said  g e n e r a t e d   s igna l   (13)  i n d i c a t e s   an  o p e r a t i n g  

t e m p e r a t u r e   s u b s t a n t i a l l y   at  or  above  a  p r ede t e rmined   maximum 

v a l u e .  

3.  Heating  appa ra tu s   as  claimed  in  claim  1  or  2  wherein  s a i d  

c i r c u i t   means  (14,  17)  i nc ludes   a  u s e r - o p e r a b l e   t e m p e r a t u r e  

c o n t r o l   and  is  a r ranged  to  provide   t empera tu re   con t ro l   of  s a i d  

source  or  sources  (5)  of  i n f r a - r e d   r a d i a t i o n ,   in  accordance  w i t h  

a  t empera tu re   s e t t i n g   of  sa id   c o n t r o l ,   so  as  to  d e - e n e r g i s e   s a i d  

source  or  sources  (5)  when  a  set   t empera tu re   is  r e a c h e d .  

4.  Heating  appa ra tu s   as  claimed  in  claim  1,  2  or  3  w h e r e i n  

sa id   means  (12)  for  measur ing   the  r e s i s t a n c e   of  sa id   l ayer   (11)  

c o n s i s t s   of  m e t a l l i c   s t r i p s   (12)  depos i t ed   on  sa id   layer   ( 1 1 ) .  

5.  Heat ing  appa ra tus   as  claimed  in  any  p reced ing   claim  w h e r e i n  

sa id   source  or  sources   (5)  of  i n f r a - r e d   r a d i a t i o n   are  mounted 

above  a  g e n e r a l l y   c i r c u l a r   t r ay   member  (1),  w i th in   which  a  l a y e r  

(2)  of  i n s u l a t i v e   m a t e r i a l   is  d e p o s i t e d .  

6.  Heat ing  appara tus   as  claimed  in  any  p r e c e d i n g  c l a i m   w h e r e i n  

each  source  (5)  of  i n f r a - r e d   r a d i a t i n   comprises  a  t u n g s t e n  

halogen  lamp  i n c l u d i n g   a  t u n g s t e n   f i l ament   (7)  suppor ted   w i t h i n  

a  quar tz   envelope  ( 6 ) .  
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