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©  Burner  with  an  air  regulator. 

Air  regulator  (1)  upstream  of  the  burner  comprising  a 
detector  having  a  diaphragm  (3)  suspended  in  a  chamber  (4) 
which  is  subjected  on  one  side  (12)  to  the  pressure  of  the  air 
supply  to  the  burner  and  which  is  subjected  on  the  other  side 
(11)  to  the  pressure  of  the  air  or  gas  flow  downstream  of  the 
burner.  A  change  in  pressure  in  the  combustion  chamber  of 
the  burner  causes  a  change  in  the  equilibrium  position  of the 
diaphragm  (3).  There  is  a  stepping  motor  connected  to  the 
regulator  (1)  whereby  movement  of  said  motor  causes  a 
change  in  the  amount  of  air  flowing  through  the  regulator 
and  means  (7,  8)  for  actuating  the  stepping  motor  in 
response  to  a  change  in  the  equilibrium  position  of  the 
diaphragm  (3)  or  a  change  in  the  equilibrium  position  of  the 
diaphragm  above  a  predetermined  level  so  that the  pressure 
difference,  which  may  be  zero,  between  the  air  supply  to  the 
burner  and  the  air  or  gas  flow  downstream  of  the  burner 
remains  substantially  constant. 



This  i n v e n t i o n   r e l a t e s   to  a  b u r n e r   -having  a  r e g u l a t o r   for   the  a i r  

s u p p l y .  

In  any  b u r n e r   t he   a i r   for   c o m b u s t i o n   is  r e g u l a t e d   by  a  d a m p e r ,  

b u t t e r f l y  v a l v e ,   one  or  more  g a t e s   e t c ,   and  t h i s   c a u s e s   a  l o s s   of  h e a d  

in  the  a i r   c i r c u i t .  -   A l s o   the  a i r   is   se t   in  mot ion   e i t h e r   b y  t h e   n a t u r a l  

d raught ,   by  a  f an   o r  m o r e   u s u a l l y   by  a  c o m b i n a t i o n   of  the  two.  A p a r t  

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

is  f ixed  and  is   s e t   a t   i n t e r v a l s   which  may  range   from  for  example  one  

week  to  one  y e a r .   The  a d j u s t m e n t   is  made  for   average   c o n d i t i o n s   and 

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

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

A  b u r n e r   h a v i n g   an  a i r   r e g u l a t o r   which  a u t o m a t i c a l l y   c o n t r o l s   t h e  

a i r   p r e s s u r e   a t   t he   i n l e t   of  the  b u r n e r   at  a  f i xed   va lue   which  may  b e  

tha t   of  the  c o m b u s t i o n   chamber  or  at  a  v a l u e   d i f f e r i n g   from  t h a t   of  t h e  

combustion  chamber   b y - a  f i x e d   amount  is  d i s c l o s e d   and  c l a imed   in  o u r  

French  p a t e n t  a p p l i c a t i o n   8022360.  This   i n v e n t i o n   c o n c e r n s   a  m o d i f i c a t i o n  

of  that   i n v e n t i o n   and  c o m p r i s e s   a  b u r n e r   h a v i n g   an  a i r   r e g u l a t o r   t h r o u g h  

which  a i r   must  f l o w   b e f o r e   e n t e r i n g   the  a i r   i n l e t   to  the  b u r n e r   w h e r e i n  

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

sub jec t ed   to  t he   p r e s s u r e   of  the  a i r   supp ly   to  the  b u r n e r   and  w h i c h  i s  

s u b j e c t e d   to  t h e  p r e s s u r e   of  the  a i r   or  gas  flow  downst ream of   the  bu rne r .   A 

change  in  p r e s s u r e   in  t he   combus t ion   chamber  of  the  b u r n e r   causes   a 

change  in  the  e q u i l i b r i u m   p o s i t i o n   of  the  s e n s i t i v e   e l e m e n t .   There  is  a 

s t epp ing   motor  c o n n e c t e d   to  the  r e g u l a t o r   whereby  movement  of  sa id   m o t o r  



causes  a  change  in  the  amount  o f . a i r   f l owing   through  the  r e g u l a t o r .   T h e r e  

are  means  for  a c t u a t i n g   the  s t e p p i n g   motor  in  r e sponse   to  a  change  in  t h e  

e q u i l i b r i u m   p o s i t i o n   of  the  s e n s i t i v e   e lement   or  a  change  in  the  e q u i l i b r i u m  

p o s i t i o n   of  the  s e n s i t i v e   e lement   above  a  p r e d e t e r m i n e d   l e v e l .   By  t h i s   means  

w h i l s t   the  burner   is  o p e r a t i n g   the  p r e s s u r e   d i f f e r e n c e   (which  may  be  z e r o )  

between  the  a i r   supply  to  the  bu rne r   and  the  a i r   or  gas  flow  downstream  o f  

the  burner  remains  s u b s t a n t i a l l y   c o n s t a n t .  

T h e   a i r   r e g u l a t o r   i s   e m i n e n t l y   s u i t a b l e   f o r   use   w i t h   the   b u r n e r  

de sc r i bed   in  F r e n c h   p a t e n t   s p e c i f i c a t i o n   7 5 - 1 5 8 5 4   ( e q u i v a l e n t   to  UK 

p a t e n t   a p p l i c a t i o n   2 0 5 3 2 / 7 6 ) .  H o w e v e r   t h e   a i r   r e g u l a t o r   can  be  a t t a c h e d  

to  any  b u r n e r ,   f o r   e x a m p l e   b u r n e r s   used  f o r   h e a t i n g   p r e m i s e s   c o n n e c t e d  

to  n a t u r a l   d r a u g h t   c h i m n e y s .   F u r t h e r m o r e  t h e   a i r   r e g u l a t o r   can  act   a s  

a   scavenging   l i m i t e r  w h e n   t he   b u r n e r   i s  n o t   b e i n g   u s e d ,   f o r   a s  t h e  

p r e s s u r e   d rops   in   t h e   c o m b u s t i o n   zone  and  ch imney   o f  t h e   b u r n e r   so  w i l l  

the  supply  of  a i r   to   . t h e   r e g u l a t o r  f r o m   t h e   a t m o s p h e r e   s u b s t a n t i a l l y  

c e a s e .  

It  has  b e e n   f o u n d   t h a t   t h e r e   i s   good  c o n t r o l   on  b u r n e r s   f i t t e d  w i t h  

t h i s   r e g u l a t o r   w i t h   a  d i m i n u t i o n   in  t h e  v a r i a t i o n   in  t he   amount  of  C02 

produced  compared   w i t h   t h e   same  b u r n e r   n o t  u s i n g   t h i s   r e g u l a t o r .  

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

but   i t   could  f o r   e x a m p l e ,   be  a  b e l l o w s .   For   a  s i m p l e   d i a p h r a g m   i t   i s  

only  n e c e s s a r y   to   a s c e r t a i n   w h e t h e r   i t   i s  d e f o r m e d   in  one  d i r e c t i o n   o r  

ano the r ;   i t  i s   n o t   n e c e s s a r y   to  m e a s u r e   t he   d e f o r m a t i o n .   C o n s e q u e n t l y  

the  mechan i ca l   c h a r a c t e r i s t i c s   of  the   d i a p h r a g m   are   u n i m p o r t a n t   and  i t s  

assembly  does  n o t   n e c e s s i t a t e   g r e a t   r i g i d i t y   or  p r e c i s i o n   m a c h i n i n g .  

The  d i a p h r a g m   can  f o r   example   be  made  of  m y l a r   ( p o l y e s t e r   f i l m )   and  

be  clamped  b e t w e e n   two  s p a c i n g   f r a m e s .   These   f r a m e s   a re   p l a c e d   b e t w e e n  

two  p r i n t ed   c i r c u i t   p l a t e s   (which  c o n s t i t u t e   p a r t   of  the  a c t u a t i n g   m e a n s )  



and  which  are  p e r f o r a t e d   to  let   the  p r e s s u r e   pass  through.   Depend ing  

on  the  d i r e c t i o n   of  the  p re s su re   the  diaphragm  p r e s se s   a g a i n s t   one  o r  

other   of  the  p r i n t e d   c i r c u i t s   and  a c t i v a t e s   the  s t epp ing   motor  a s  

expla ined  l a t e r .  

Other  forms  of  diaphragm  are  d iscs   of  f l e x i b l e   metal ,   e .g.   b r a s s .  

The  diaphragm  should  be  supported  in  a  c o n t a i n e r   so  tha t   one  face  o f  

the  diaphragm  can  be  sub j ec t ed   to  the  p r e s s u r e   of  the  air   supply  to  t h e  

burner  and  the  o ther   face  can  be  sub j ec t ed   to  the  p r e s s u r e   of  the  a i r  

or  gas  flow  downstream  of  the  b u r n e r .  

The  s e p a r a t e   communications  between  the  d e t e c t o r   and  the  air   o r  

gas  flow  downstream  of  the  burner  and  between  the  d e t e c t o r   and  the  a i r  

supply  to  the  burner   are  u sua l ly   by  way  of  pipe,  condui t   or  t u b i n g .  

The  communication  with  the  air   or  gas  flow  downstream  of  the  burner  i s  

p r e f e r a b l y   made  with  the  chimney  s tack  of  the  b o i l e r ,   but  i t   can  i f  

des i red   be  made  at  the  combustion  chamber  i t s e l f .  

Most  bu rne r s   are  provided  with  a  fan  or  o ther   device  which  t a k e s  

in  air   at  a tmospher i c   p r e s su re   and  d e l i v e r s   i t   at  a  h igher   p r e s s u r e  

e.g.   a  compressor .   In  such  cases  the  r e l e v a n t   part   of  the  s e n s i t i v e  

element,   e .g.   one  face  of  the  diaphragm,  must  be  sub j ec t ed   to  t h e  

p res su re   of  the  a i r   supply  upstream  of  the  fan  or  said  o ther   d e v i c e .  

Most  burners   a lso  have  an  adjustment  means  whereby  for  a  given  o p e r a t i o n  

the  amount  of  a i r   e n t e r i n g   the  burner  is  f ixed  at  a  c e r t a i n   l e v e l .  

Again  the  r e s p e c t i v e   face  of  the  diaphragm  or  r e l e v a n t   part  of  t h e  

s e n s i t i v e   element  must  communicate  with  the  p r e s su re   of  the  air   s u p p l y  

upstream  of  the  ad jus tmen t   means  and  the  f a n .  



The  mcans  for   a c t u a t i n g   the  s t e p p i n g   motor  can  take  v a r i o u s   f o r m .  

Thus,  as  p r e v i o u s l y   m e n t i o n e d   when  the  s e n s i t i v e   e l ement   is  a  d i a p h r a g m  

the  a c t u a t i n g   means  can  be  a  p a i r   of  p r i n t e d   c i r c u i t s ,   one  l o c a t e d   n e a r  

one  face  of  the   d i a p h r a g m   and  the  o t h e r   l o c a t e d   nea r   the  o t h e r   face   o f  

the  d i aphragm  so  t h a t   when  the  d i a p h r a g m   deforms   i t   c o n t a c t s   e i t h e r   one  

p r i n t e d   c i r c u i t   or  t he   o t h e r   p r i n t e d   c i r c u i t   d e p e n d i n g   on  which  face   o f  

the  d i aph ragm  is   p r e s s u r i s e d .   A l t e r n a t i v e l y ,   t h e r e   may  be  o p t o e l e c t r o n i c  

means,  for   i n s t a n c e   a  p h o t o d i o d e ,   so  t h a t  a   l i g h t   s i g n a l   e . g .   from  a 

l i g h t   e m i t t i n g   d i o d e ,  i s   on ly   r e c e i v e d   when  t h e  d i a g r a p h m   which  i s  

p r e f e r a b l y   a  r e f l e c t i v e   m e t a l l i s e d   m e m b r a n e  i s   deformed  in  one  d i r e c t i o n .  

A s . a n o t h e r   a l t e r n a t i v e   i f   the  d i a p h r a g m   is  made  o f  c o n d u c t i v e   m a t e r i a l  

or  is  coa ted   w i t h   a  c o n d u c t i v e   f i l m ,   d e f o r m a t i o n   of  the  d i a p h r a g m   in  one 

d i r e c t i o n   c a u s e s   e l e c t r i c a l   c o n t a c t .  
There  i s  p r e f e r a b l y   a  s i n g l e ,   b i - d i r e c t i o n a l ,   s t e p p i n g  

motor,  movement  o f ' w h i c h   changes  the  a m o u n t  o f  

a i r   e n t e r i n g   the  r e g u l a t o r   from  the   a t m o s p h e r e .   The  s t e p p i n g   motor  i s  

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

simple  r i n g - w i r e d   s h i f t   r e g i s t e r . .   The  c o n t r o l   c lock   s i g n a l   can  b e  

ob ta ined   by  f o r   e x a m p l e   h a l f   wave  r e c t i f i c a t i o n   of  a  50  Hz  main,   t h e  

square   s i g n a l   b e i n g   o b t a i n e d   by  c l i p p i n g .  

When  the  d i r e c t i o n   of  the  s h i f t   of  the  r e g i s t e r   is  r e v e r s e d   e .g .   b y  

the  d iaphragm  c o n t a c t i n g   the  o p p o s i t e  p r i n t e d   c i r c u i t ,   then  the  s t e p p i n g  

motor  r o t a t e s   in  the   o p p o s i t e   d i r e c t i o n   and  t h i s   causes   a  change  in  t h e  

amount  of   a i r   e n t e r i n g   t he   r e g u l a t o r   f rom  the  a t m o s p h e r e .   I f   a i r   h a s  

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

causes  the  s u p p l y  o f - a i r   to  c e a s e ,   bu t   on  the   c o n t r a r y   i f   a i r   has  b e e n  

unable   to  e n t e r   the   r e g u l a t o r   then   the   r e v e r s a l   of  d i r e c t i o n   of  t h e  

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



Although  the  above  d e s c r i b e d   system  opera tes   s a t i s f a c t o r i l y ,  5  

sometimes  it  can  be  u n s t a b l e   around  the  point  of  zero  p r e s s u r e .   Thus,  

the  motor  advances  a  few  s t e p s ,   the  r e g u l a t o r   c loses   s l i g h t l y ,   t h e  

p re s su re   d i f f e r e n t i a l   upon  the  d e t e c t o r   is  r eve r sed ,   the  l a t t e r   d e f l e c t s ,  

the  motor  recedes   a  few  s t e p s ,   the  r e g u l a t o r   opens  s l i g h t l y ,   t h e  

d e t e c t o r   r e v e r s e s   again ,   e tc .   In  th is   system  there   can  be  no  r e s o n a n c e ,  

the  motor  always  advances  or  recedes   at  the  speed  imposed  by  the  c l o c k  

s igna l   and  always  r e c e i v e s   c o n t r o l   impulses  of  cons tan t   i n t e n s i t y .  

This  system  however  can  be  s t a b i l i s e d   by  c r e a t i n g   a  n e u t r a l   zone .  

To  achieve  t h i s   two  d e t e c t o r s   of  s l i g h t l y   d i f f e r e n t   s e n s i t i v i t i e s   a r e  

used  and  t h e i r   c o n t r o l   s i g n a l s   r ece ived   in  an  a p p r o p r i a t e   m a n n e r . . W h e n  

both  d e t e c t o r s   are  d e f l e c t e d   in  the  same  d i r e c t i o n   the  s t epp ing   moto r  

advances  (or  r e c e d e s ) ,   but  when  only  one  pick-up,   the  more  s e n s i t i v e ,  

is  d e f l e c t ed   the  s h i f t   of  the  r e g i s t e r   is  stopped  and  t h i s   s tops  t h e  

mo to r .  

The  advantage  of  having  two  d e t e c t o r s   of  d i f f e r e n t   s e n s i t i v i t y   i s  

tha t   there   is  no  change  in  the  air   supply  when  the  p r e s su re   of  the  a i r  

or  gas  flow  downstream  of  the  burner  changes  over  a  r e l a t i v e l y   na r row  

p res su re   band,  e.g.   1  Pa.  Change  in  the  air   supply  only  occurs  when  t h e  

p re s su re   of  the  a i r   or  gas  flow  downstream  of  the  burner  changes  

ou ts ide   th is   r e l a t i v e l y   narrow  p res su re   band.  

For  the  system  to  f u n c t i o n   a p p r o p r i a t e l y   it   is  necessa ry   for  t h e  

d e t e c t o r s   to  have  a  d e f i n i t e   p o s i t i o n ,   e.g.  l e f t   or  r i g h t ,   at  l e a s t   t h e  

less   s e n s i t i v e   of  the  two.  This  is  achieved  a u t o m a t i c a l l y   when  t h e  

s e n s i t i v e   element,   e .g .   diaphragm  a c t i v a t e s   a  microswi tch   because  t h e  

l a t t e r   has  only  two  p o s i t i o n s .   A l t e r n a t i v e l y   the  diaphragm  can  be 

locked  "on  the  r i g h t "   or  "on  the  l e f t "   for  example,  by  p lac ing   two 

small  magnets  on  the  a rma tu res ,   on  each  side  of  the  diaphragm,  the  l a t t e r  

ca r ry ing   a  soft   iron  washer  in  i t s   cen t re .   As  another  a l t e r n a t i v e   when 



a  m e t a l l i s e d   m y l a r   d i a p h r a g m   is  used  i t  i s   a t t r a c t e d   to  one  or  o t h e r  

a rmature   by  e l e c t r o s t a t i c   a t t r a c t i o n .   In  a l l   ca ses   the  d i a p h r a g m   w i l l  

be -ve ry   f l e x i b l e   and  i t   is   the  f o r c e   of.  the  s p r i n g   of  the  m i c r o s w i t c h   o r  

the  force   of  m a g n e t i c   or  e l e c t r o s t a t i c   a t t r a c t i o n   which  d e f i n e s   t h e  

s e n s i t i v i t y   of  the  s y s t e m .   The  l a t t e r   case   is  a d v a n t a g e o u s   in  t h a t   t h e  

s e n s i t i v i t y . o f   the  d i a p h r a g m   can  be  r e g u l a t e d   e l e c t r i c a l l y .   The  s y s t e m  

us ing   magne t s   can  b e  . r e g u l a t e d   by  v a r y i n g   the  d i s t a n c e   of  the  m a g n e t s  

from  t h e  d i a p h r a g m .   With  a  m i c r o s w i t c h ' t h e   s e n s i t i v i t y   of  the  sys tem  i s  

f i x e d .  

The  c o n n e c t i o n   b e t w e e n   the  d e t e c t o r   and  the  r e g u l a t i n g   means  can  b e  

a d j u s t e d   so  t h a t  n e g a t i v e   p r e s s u r e   in  the  c o m b u s t i o n   c h a m b e r  w i l l   t e n d  

to  move  the  d e t e c t o r   in  a  d i r e c t i o n   c l o s i n g   the  r e g u l a t i n g   means.   I f  

the  b u r n e r   i s   o p e r a t i n g   t h i s   c l o s u r e   w i l l   s u b j e c t   the  a i r   s upp ly   to  a  

s u b a t m o s p h e r i c   p r e s s u r e   and  w i t h  n o   r e t u r n   f o r c e   the  r e g u l a t i n g   means  

wi l l   c o n t i n u e   to   c l o s e   u n t i l   t h e  a i r   s upp ly   p r e s s u r e   is  e q u a l   to  t h e  

p r e s s u r e  i n   t h e -  c o m b u s t i o n   chamber .  

If   the  b u r n e r   not   work ing   t h e  f l o w   of  a i r  i s   ve ry   s l i g h t   so  t h a t  

the  p r e s s u r e   d r o p  t h r o u g h   the  r e g u l a t o r   is  n e g l i g i b l e   and  the  r e g u l a t o r  

wi l l   c lose   c o m p l e t e l y ,   thus   l i m i t i n g   the  s c a v e n g i n g   of  the   c o m b u s t i o n  

chamber  when  the   b u r n e r   is   not   w o r k i n g .   This  may  o f t e n   b e .  a d v a n t a g e o u s  

in  tha t   h e a t   l o s s e s   can  be  r educed   d u r i n g   shu t -down  p e r i o d s .  

The  a d v a n t a g e   of  the  sys tem  of  t h i s   i n v e n t i o n   l i e s   in  the  f a c t   t h a t  

there   is  ease   of  i n t e g r a t i o n   due  to  the  smal l   volume  of  t he   motor  and  

i t s   l a rge   t o r q u e   e n a b l i n g   r e g i s t e r s   of  w i d e l y   d i f f e r e n t   d e s i g n s   to  b e  

a c t u a t e d .   T h e r e   is   a l s o   g r e a t e r   t o l e r a n c e   to  d i r t   due  to  the  s t r o n g  

torque  of  t he   m o t o r .  



The  i n v e n t i o n   is  now  d e s c r i b e d   wi th   r e f e r e n c e   to  the  d r a w i n g s  i n  

wh ich :  

Figure   1  s h o w s   a  p e r s p e c t i v e   v iew  of  one  form  of  r e g u l a t o r   s u i t a b l e  

for  use  with  .the  b u r n e r   in  a c c o r d a n c e   w i t h  t h e   i n v e n t i o n ;  

F igure   2  shows  a  c r o s s - s e c t i o n   of  the  diaphragm  of  the  r e g u l a t o r  

shown  in  Fig  1  c o n t a c t i n g   a  p r i n t e d   c i r c u i t   p l a t e ;  

.  F igu res   3  to  5  show  e l e v a t i o n s   of  p o r t i o n s   of  a l t e r n a t i v e   forms  o f  

r e g u l a t o r s   to  t h a t   shown  in  F i g u r e   l ' a n d  

Fig  6  shows  a  s t e p p i n g   motor  c o n t r o l l i n g   the  a i r   supply   to  t h e  

burner   and  b e i n g   i t s e l f   c o n t r o l l e d   by  s i g n a l s   from  a  p a i r   of  d i a p h r a g m s .  

R e f e r r i n g   to  F i g u r e   1  of  the  d r awings   where  i t   is  assumed  t ha t   t h e  

combustion  chamber  is  under   n e g a t i v e   p r e s s u r e   a  damper  1  c l o s e s   an  a i r  

box  2  in  c o m m u n i c a t i o n   wi th   the  a i r   s u p p l y .   This  damper  1  i s  c o n s t r u c t e d  

so  as  to  s l i d e   f r e e l y   so  t h a t   the  d i f f e r e n c e   in  p r e s s u r e   between  the  two 

faces   of  the  damper  does  not  lead  to  any  f o r c e s   t end ing   to  open  or  c l o s e  

the  d a m p e r .  

A  d i a p h r a g m  3   .is  s u s p e n d e d   in  a  chamber  4  between  two  s p a c i n g  

f r a m e s  5  a n d   6  and  is  f r e e   to  c o n t a c t   a l t e r n a t e l y  ( a c c o r d i n g   to  t h e  

p r e s s u r e   e x e r t e d   on  i t )   p e r f o r a t e d   p r i n t e d   c i r c u i t   p l a t e s  7   and  8.  The 

zones  12  and  11  on   each  s ide  of  the  d i a p h r a g m  3   are  connec ted   r e s p e c t i v e l y  

via  c o n d u i t s   9  and -10   to  the  box  2  and  t h e  c o m b u s t i o n   chamber  ( n o t  

shown).  Fig  2  shows  more  c l e a r l y   the  d iaphragm  3  p r e s sed   a g a i n s t   o n e  o f  

the  p r i n t e d   c i r c u i t   p l a t e s   7.  Movement  of  the  damper  1  is  c o n t r o l l e d   b y  

movement  of  the  s t e p p i n g   motor  (not  shown).   The  motor  is  i t s e l f   c o n t r o l l e d  

by  i t s   c o n t r o l   s y s t e m   which  is  an  e l e c t r o n i c   c o n t r o l   card  c o m p r i s i n g   a 

simple  r i n g - w i r e d   s h i f t   r e g i s t e r .   The  d i r e c t i o n   of  the  s h i f t   of  t h e  

r e g i s t e r   is  r e v e r s e d   eve ry   time  the  d iaphragm  3  c o n t a c t s  t h e   o p p o s i t e  

p r i n t e d   c i r c u i t  7   or  8 .  



Fig  3  shows  an  a l t e r n a t i v e   d e t e c t i o n   system  to  t ha t   s h o w n  i n  F i g  2 .  

S u p p o r t e d   from  the  p r i n t e d   c i r c u i t   p l a t e   71  are  a  l i g h t   e m i t t i n g  

diode  20  and  a  p h o t o d i o d e   21.  The  membrane  which  in  t h i s   case  is  a  

r e f l e c t i v e   m e t a l l i s e d   membrane  i s   shown  i n  t w o   p o s i t i o n s   at  31a  and  3 1 ,  

and  it  can  be  seen   from  the  l i g h t   r a y s   t h a t   the  p h o t o d i o d e   21  o n l y  

r e c e i v e s   r a y s   f rom  the   d iode   when  the   membrane  is  in  the  p o s i t i o n   shown 

at  3 1 a .  

F ig  4   shows  an  a l t e r n a t i v e   s y s t e m   where  the  d i a p h r a g m   32  is  s t a b i l i s e d  

by  being  l o c k e d   b y  t h e   . p r e s e n c e   of  a  magnet  22..-  The  d i a p h r a g m   32  has  a  

sof t   i ron  w a s h e r   23  at   i t s   c e n t r e .   The  p r i n t e d   c i r c u i t   72  has  c o n t a c t s  

40  a n d  4 1 .  

Fig  5  shows  a n o t h e r   a l t e r n a t i v e   d i aph ragm  s t a b i l i s e d   system  w h e r e i n  

a  d o u b l e - f a c e d   m e t a l l i s e d   mylar   d i a p h r a g m  3 3   is  u sed .   This   is  a t t r a c t e d  

to  two  d o u b l e - f a c e d   p r i n t e d   c i r c u i t s   73  and  74,  each  at  a  p o t e n t i a l  o f  

+300V,  the  p o t e n t i a l   of  the  d i a p h r a g m   33  b e i n g   m a i n t a i n e d   at  -100V.  I n  

fac t   the  p o t e n t i a l s   a r e   a d j u s t a b l e   a c c o r d i n g  t o   the  d i m e n s i o n s ,   c o n t a c t s ,  

d i e l e c t r i c   p r o p e r t i e s ,   e t c .   - 

Fig  6  s h o w s   o n e  f o r m   of  r e g u l a t i n g   means  by  which  t he   damper  1  i n  

F i g   1  for  e x a m p l e   is  c o n t r o l l e d .   In  F ig   6  t h e r e   is  an  a i r   fan  50  c o n t r o l l e d  

by  a  s t e p p i n g   mo to r   51  which  in  t u r n   is  c o n t r o l l e d   by  a  r i n g - w i r e d   s h i f t  

r e g i s t e r   52.  T h i s   r e g i s t e r   52  r e c e i v e s   i t s   s i g n a l   as  the  r e s u l t   of  t h e  

d e f l e c t i o n s   of  t he   two  d i a p h r a g m s   80  and  81,  one  of  which  is  more  s e n s i t i v e  

than  the  o t h e r .   I t   i s   only   w h e n  b o t h   d iaphragms   80  and  81  a r e  d e f l e c t e d  

in  the  same  d i r e c t i o n   t h a t . t h e   s t e p p i n g   motor  51  a d v a n c e s   (or  r e c e d e s ) .  

Conduit  82  e n a b l e s   t he   d i a p h r a g m s   80  and  81  to  b e  s u b j e c t e d   to  the  p r e s s u r e  

of  the  air-  or  gas  f l o w   downs t r eam  of  the  b u r n e r   (not  shown)  and  c o n d u i t  

83  enables   the   d i a p h r a g m s  8 0   and  81  to  be  s u b j e c t e d   to  the  p r e s s u r e   o f  

the  air   s u p p l y   to  the  b u r n e r .  



1.  A  burner  having  an  a i r   r e g u l a t o r   upstream  of  the  burner  so  t h a t  

air   must  flow  t h e r e t h r o u g h   before   en t e r ing   the  a i r   i n l e t   to  the  b u r n e r ,  

wherein  said  r e g u l a t o r   comprises  a  d e t e c t o r   having  a  s e n s i t i v e   e l ement  

which  is  sub jec t ed   to  the  p r e s su re   of  the  air   supply  to  the  burner  and 

which  is  sub j ec t ed   to  the  p r e s s u r e   of  the  air   or  gas  flow  downstream  o f  

the  burner ,   wherein  a  change  in  p r e s su re   in  the  combustion  chamber  o f  

the  burner  causes  a  change  in  the  e q u i l i b r i u m   p o s i t i o n   of  the  s e n s i t i v e  

element,   a  s t epp ing   motor  connected  to  the  r e g u l a t o r   whereby  movement 

of  said  motor  causes  a  change  in  the  amount  of  air   f lowing  through  t h e  

r e g u l a t o r   and  means  for  a c t u a t i n g   the  s tepp ing   motor  in  response  to  a 

change  in  the  e q u i l i b r i u m   p o s i t i o n   of  the  s e n s i t i v e   element  or  a  change 

in  the  e q u i l i b r i u m   p o s i t i o n   of  the  s e n s i t i v e   element  above  a  p r e d e t e r m i n e d  

leve l   so  tha t   the  p r e s s u r e   d i f f e r e n c e ,   which  may  be  zero,   between  t h e  

air   supply  to  the  burner  and  the  air   or  gas  flow  downstream  of  t h e  

burner  remains  s u b s t a n t i a l l y   c o n s t a n t .  

'2.  A  burner  according  to  claim  1  wherein  the  s e n s i t i v e   element  is  a  

d iaphragm.  

3.  A  burner  according   to  claim  2  wherein  the  a c t u a t i n g   means  i n c l u d e s  

a  pair   of  p r in t ed   c i r c u i t s ,   one  loca ted   near  one  face  of  the  d iaphragm 

and  the  other   loca ted   near  the  other  face  of  the  d iaphragm.  

4.  A  burner  according  to  claim  2  wherein  the  a c t u a t i n g   means  i n c l u d e s  

a  photodiode  whereby  a  l i g h t   s igna l   is  only  r ece ived   when  the  d iaphragm 

is  deformed  in  one  d i r e c t i o n .  

5.  A  burner   according  to  any  one  of  the  p receding   claims  wherein  two 

d e t e c t o r s   of  d i f f e r e n t   s e n s i t i v i t i e s   are  used  whereby  only  when  b o t h  

d e t e c t o r s   move  in  the  same  d i r e c t i o n   is  the  s t epp ing   motor  caused  t o  

move. 



6.  A  burner   a c c o r d i n g   to  any one  of  the  p reced ing   claims  wherein  t h e  

p r e s s u r e   d i f f e r e n c e   between  the  air   supply  to  the  burner   and  the  a i r   o r  

gas  flow  downstream  of  the  burner  is  s u b s t a n t i a l l y   z e r o .  

7.  A  burner   a c c o r d i n g   to  any one  of  the  p reced ing   claims  w h e r e i n  

communicat ion  is  made  between  one  face  of  the  s e n s i t i v e   element  and  t h e  

air   supply  to  the  burner   and  between  the  other   face  of  the  s e n s i t i v e  

element  and  the  chimney  s tack   of  the  b o i l e r .  

8.  A  burner   a cco rd ing   to  any one  of  the  p reced ing   claims  which  i s  

provided  with  a  fan,  upstream  of  which  is  the  air   supply  to  the  b u r n e r .  

9.  A  burner   a c c o r d i n g   to  any  p reced ing   claim  wherein  a  s i n g l e  

b i - d i r e c t i o n a l   s t e p p e r   motor  is  o p e r a t i v e l y   connected  to  the  r e g u l a t o r  

for  both  i n c r e a s i n g   and  d e c r e a s i n g   s e l e c t i v e l y   the  amount  of  a i r  

f lowing  t h rough   the  r e g u l a t o r .  
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