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©  A  control  circuit  for  use  with  a  fuel  control  valve. 
A  control  circuit  31  for  use  with  valve  means  30  for  con- 

trolling  the  supply  of  fuel  to  a  fuel  using  appliance  e.g.  a 
domestic  or  gas  oven  incorporates  a  switching  circuit  opera- 
tive  to  send  a  signal  to  open  said  valve  means  30,  or  prevent 
the  sending  of  such  signal,  and  a  checking  circuit,  the  check- 
ing  circuit  ensuring  that  prior  to  such  a  signal  being  sent,  the 
switching  circuit  is  initially  in  a  condition  such  that  the  signal 
can  not  be  sent  so  as to  ensure that  priorto fuel  being  supplied 
to  the  burner  of  the  fuel  using  appliance,  the  circuit  is  in  a 
fail-safe  condition.  Such  a  control  circuit  is  of  particular 
benefit  for  use  with  flueless  gas  using  appliances. 





The  present  invention  relates  to  a  control  circuit  for  use  with  valve 

means  for  controlling  the  supply  of  fuel  along  a  pipe  to  a  fuel  using  appl iance  

such  as  a  domestic  or  industrial  oven,  or  a  space  or  water  heating  appl iance .  

The  invention  is  further  primarily  but  not  exclusively  concerned  with 

flame  failure  devices,  that  is  devices  capable  of  terminating  a  supply  of  fuel 

to  a  burner  should  the  combustion  of  the  fuel  c e a s e .  

Fuel  control  means  used  in  domestic  ovens  for  example,  may  comprise  a 

first  sensing  means  to  sense  the  t empera ture   of  the  oven,  which  sensing 

means  is  capable  of  altering  the  amount  of  fuel  supplied  to  a  burner  so  as  to  

maintain  the  tempera ture   of  the  oven  at  a  desired  level.  Such  a  device  will 

hereaf ter   be  referred  to  as  a  thermosta t ic   cont ro l .  

A  known  type  of  flame  failure  device  used  in  conjunction  with  such  a 

thermos ta t ic   control  comprises  an  on/off  valve  and  combustion  indicat ive  

means.  When  a  flame  is  absent  the  valve  will  shut  and  the  presence  of  a 

flame  will  cause  the  valve  to  be  held  open.  The  thermosta t ic   control  means  

allows  control  of  temperature   and  the  flame  failure  device  is  intended  as  a 

safety  device  to  shut  off  the  supply  of  fuel  if  for  any  reason  combustion  of 

fuel  ceases .  
Flame  failure  devices  are  essential  from  a  safety  aspect  since  if  the  

fuel-using  appliance  is  switched  on  and  combustion  ceases,  unburnt  fuel  will 

continue  to  be  supplied  unless  the  lack  of  combustion  is  noticed  and  the  fuel 

supply  terminated.   Obviously  in  the  case  of  some  fuels,  for  example  gas,  a 

very  dangerous  situation  could  develope  and  thus  it  is  essential  to  t e r m i n a t e  

the  supply  of  fuel  as  soon  as  combustion  ceases .  

In  the  case  of  appliances  provided  with  a  thermosta t ic   control  valve  and 

a  flame  failure  valve,  the  valves  must  be  in  series  with  each  o ther .  

in' order  for  fuel  to  be  supplied  to  a  burner  or  pilot  to  enable  ignition 

thereof,  it  is  necessary  that  the  flame  failure  valve  is  provided  with  by-pass 

means  to  the  burner  since  the  flame  failure  valve  itself  will  be  shut  and 

hence  prevent  supply  of  fuel  to  the  burner .  

It  is  known  to  provide  manually  operable  means  whereby  a  by-pass  or 

pilot  valve  is  held  open  manually  by  a  "push-button"  until  the  ignition  of  the  



fuel  has  taken  place  and  then,  after  a  predetermined  time,  the  flame  fa i lu re  

valve  is  held  open  due  to  sensing  of  combustion  by  the  combustion  sens ing 

means.  The  "push-button"  may  then  be  r e l e a s e d .  

Problems  occur  however  with  au tomat ica l ly   igniting  devices  intended  to  

operate  without  manual  o p e r a t i o n .  

It  is  known  to  provide  a  constantly  open  by-pass  to  the  flame  f a i l u r e  

valve  so  that,  i r respect ive   of  whether  or  not  the  combustion  sensing  m e a n s  

senses  combustion,  a  small  amount  of  fuel  is  permit ted  to  pass  to  the  bu rne r  

to  enable  ignition  to  take  p l ace .  

Such  devices,  which  may  be  au tomat ica l ly   controlled  by  clock  o p e r a t e d  

valves  opening  at  a  p rede te rmined   desired  time  to  enable  the  fuel  to  pass  

through  the  t he rmos t a t i c   valve  and  through  the  by-pass  of  the  flame  f a i l u re  

valve  which  fuel  is  then  ignited  by  au tomat ic   igniting  means .  

Once  the  fuel  passing  to  the  burner  through  the  by-pass  is  ignited  such  

combustion  is  sensed  and  the  flame  failure  device  operates  to  open  the  ma in  

flame  failure  valve  and  allow  full  flow  of  fuel  to  pass  to  the  burner .  

It  is  usual  for  au tomat i c   ignition  means  to  be  powered  from  the  mains  

supply  of  e lec t r ic i ty .   If  therefore  at  any  time  after  an  a u t o m a t i c a l l y  

operated  clock  valve  has  permi t ted   a  supply  of  fuel  to  the  burner,  the  burne r  

is  extinguished  and  no  power  is  available  for  ignition  or,  for  example,  t h e  

ignition  unit  should  faii,  fuel  will  be  supplied  albeit  at  a  slow  r a t e ,  

continuously  through  the  by-pass  to  the  burner .  

In  the  case  of  some  cookers  which  have  provision  for  an  a u t o m a t i c a l l y  

controlled  timed  period  of  cooking,  which  is  a  common  feature  for  d o m e s t i c  

ovens,  if  there  is  a  t emporary   power  cut  during  a  timed  cooking  pe r iod  

assuming  that  the  power  cut  takes  place  during  combustion  of  fuel  in  t h e  

oven,  the  oven  will  continue  to  operate  as  normal  however,  the  cooking  t i m e  

will  be  extended  by  the  length  of  the  power  cut  thus  the  food  will  be  cooked  

for  an  inde te rmina te   length  of  t i m e .  

It  has  been  proposed  in  British  patent  specif icat ion  1,555,573  to  p rov ide  

means  for  opening  a  flame  failure  valve  for  a  short  period  of  time  by,  fo r  

example  using  a  solenoid  to  enable  gas  to  pass  to  the  burner  and  so  be  igni ted .  

Operation  of  the  flame  failure  device  then  maintains  the  flame  failure  va lve  

open.  Similar  a r rangements   are  disclosed  in  British  patent  app l ica t ion  

2013867A,  U.S.  spec i f ica t ion   2962093,  West  German  published  app l ica t ion  

2605461,  French  patent  specif icat ion  2018613,  French  patent  spec i f i ca t ion  

2434342  and  West  German  published  patent  application  2123458. 



Whereas  some  of  the  devices  described  in  the  aforementioned  p a t e n t  

specifications  may  operate  sat isfactori ly  a  fault  in  the  switching  c i r cu i t  

which  opens  the  flame  failure  valve  may  permit  fuel  to  pass  to  the  burner  

which  fuel  is  not  ignited,  thereby  creating  a  highly  hazardous  environment.  If 

the  appliance  to  which  the  fuel  is  to  be  supplied  is  for  example  an  oven,  or 

other  gas  using  appliance  without  a  flue,  the  ar rangements   proposed  in  t h e  

above  mentioned  specifications  could  be  highly  hazardous  and  in  some 

countries  would  be  prohibited  for  use  on  appliances  without  flues  because  of 

the  potential  hazard .  

It  is  an  object  of  the  present  invention  to  provide  a  new  or  improved 

control  circuit  for  fuel  using appliances.  

According  to  one  aspect  of  the  present  invention  we  provide  a  control  

circuit  in  or  for  a  fuel  using  appliance  of  the  type  in  which  a  valve  means  is 

opened  to  enable  combustion  of  fuel  to  take  place  character ised  in  that  said 

control  circuit  includes  switching  means  opera t ive  to   permit  of  or  p r even t  

said  valve  means  being  provided  with  a  signal  for  opening  said  valve  means ,  
and  in  that  said  control  circuit  includes  a  checking  circuit  capable  of 

ascertaining  that,  prior  to  the  sending  of  said  signal,  said  switch  means  is  in  a 

state  to  prevent  said  signal  being  sent,  and,  if  said  switching  means  is  not  in  a 

signal  sending  preventing  condition  said  control  circuit  prevents  the  sending 

of  said  signal. 

Preferably  said  valve  means  comprises  a  flame  failure  valve.  

The  control  circuit  of  the  present  invention  overcomes  the  problems 

with  devices  heretofore  proposed  in  that  unless  the  control  circuit  is  in  a 

"fail-safe"  condition  then  the  signal,  will  not  be  sent  to  change  the  normal ly  

closed  position  of  the  flame  failure  valve. 

Preferably  the  checking  circuit  is  operative  to  check  other  parts  of  t he  

control  circuit  as  to  their  normal  operation  and  condition  and  if  any 

abnormality  is  sensed  the  checking  circuit  is  operative  to  prevent  the  sending 

of  a  signal  to  open  the  flame  failure  valve.  

Preferably  said  switching  means  comprises  a  switching  c i rcu i t  

incorporated  in  said  control  c i rcu i t .  

Preferably  when  the  valve  means  comprises  a  flame  failure  valve  the  

signal  opens  the  valve  for  a  predetermined  short  period  of  time.  The  shor t  

period  enables  ignition  to  take  place,  and,  on  ignition  of  the  fuel  t h e  

combustion  sensing  means  enables  said  valve  to  be  maintained  in  an  open 

s t a t e .  



Conveniently  said  short  period  of  time  is  controlled  by  the  length  of 

time  during  which  the  signal  from  said  control  circuit  is  supplied  to  said 

valve,  said  short  period  of  time  may  cease  when  combustion  is  sensed  or  it 

may  continue  for  a  p rede termined   short  period  of  time  irrespective  of  t h e  

sensing  of  combustion.  I 

Preferably  said  combustion  sensing  means  comprises  means  for  

generating  or  changing  an  electr ical   signal  which  e lectr ical   signal  is  supplied 

to  said  control  circuit  in  order  to  enable  generation  of  a  second  control  signal 

to  said  flame  failure  valve  to  maintain  said  valve  open  during  combustion.  

It  is  envisaged  that  said  valve  means  may  comprise  two  or  more  valves 

but  preferably  said  valve  means  comprises  a  single  valve  operable  between  an  

open  and  closed  position  its  operational  state  being  dependent  on  whether  or 

no t : -  

(a)  combustion  of  fuel  is  sensed;  or 

(b)  a  signal  is  received  from  a  control  circuit,   which  signal  enables  

said  valve  to  be  opened  for  a  short  period  of  t i m e .  

The  control  circuit  of  the  present  invention  thereby  avoid  the  necess i ty  

of  a  by-pass  and  hence  ensures  that  fuel  cannot  be  continually  supplied 

indefinitely  without  combustion  taking  p lace .  

Further  significant  advantages  are  obtained  with  the  control  circuit  of 

the  present  invention,  in  part icular   with  fuel  using  appliances  adapted  to  

operate  on  an  automat ic   mode.  As  a forement ioned  existing  a r r a n g e m e n t s  

for  automat ic   control  generally  comprises  three  valves,  a  thermostat ic   va lve ,  

a  flame  failure  valve,  and  a  clock  controlled  va lve .  

The  control  circuit  of  the  present  invention  enables  the  flame  fa i lu re  

valve  and  the  clock  valve  to  be  incorporated  as  a  single  valve,  the  c lock 

causing  a  signal  to  be  sent  to  the  control  circuit  at  a  desired  time  which 

causes  opening  of  the  flame  failure  valve  allowing  fuel  to  pass  t he re th rough  

and  so  to  be  ignited.  At  the  end  of  the  short  period  of  time  when  it  is 

desired  to  turn  off  the  appliance,  the  control  circuit  may  be  provided  with  a  

signal  from  the  clock  to  close  said  va lve .  

Such  an  ar rangement   permits  not  only  of  el imination  of  a  valve  i.e.  t h e  

clock  operated  valve  but  also  elimination  of  a  considerable  quantity  of  

connecting  p ipework.  

Preferably  said  control  circuit   is  provided  with  means  for  limiting  t h e  

time  for  which  said  first  valve  opening  signal  is  present  and  conveniently  sa id  

means  may  comprise  a  resistor  capacitor  network  the  rate  of  charge  to  t he  



capacitor   being  determined  by  its  value  and  that  of  an  associated  res i t ive  

component  ne twork .  

Preferably  said  control  circuit  includes  further  timing  means  to  p reven t  
said  first  valve  opening  signal  being  subsequently  regenerated  until  a 

predetermined  time  has  e lapsed.  

Preferably  said  control  circuit  includes  further  means  which,  in  the  

event  of  generation  of  said  first  valve  opening  signal  and  failure  of  receipt  of 

any  combustion  indicative  signal  prevents  regeneration  of  said  first  valve 

opening  signal  until  a  third  signal  is  received  by  said  control  c i rcui t .  

Conveniently  said  third  signal  may  comprise  disconnecting  the  control  c i rcu i t  

from  its  power  supply. 

Preferably  said  valve  means  is  provided  in  series  with  a  t he rmo-  

stat ical ly  operated  valve  and  conveniently  may  comprise  a  valve  body 

incorporating  said  thermostat ical ly   operated  valve.  

Preferably  said  thermostat ical ly   operated  valve  is,  when  set  to  an  in- 

use  position,  always  at  least  partially  open.  Preferably  said  t h e r m o s t a t i c a l l y  

operated  valve  may  comprise  a  solenoid  valve  or  other  electrically  cont ro l led  

valve  operated  in  accordance  with  a  signal  from  the  control  circuit,  said 

signal  being  varied  in  accordance  with  tempera ture   from  a  t e m p e r a t u r e  

sensing  device .  

Conveniently,  said  temperature   sensing  device  may  comprise  a 

t he rmocoup le .  

The  present  invention  will  now  be  described  in  more  detail  by  way  of 

example  only  with  reference  to  the  accompanying  drawings  wherein: -  

FIGURE  I is  a  diagrammatic  illustration  of  one  form  of  control  means 

for  use  with  the  control  circuit  of  the  present  invention.  

FIGURE  2  is  a  diagrammatic  illustration  of  an  a l ternat ive  a r r a n g e m e n t  

of  control  means  for  use  with  the  control  circuit  of  the  present  invention.  

FIGURE  3  is  a  detailed  circuit  diagram  of  the  control  circuit  as  shown 

in  Figures  I,  2,  and  5 

FIGURE  4  is  an  illustration  of  one  form  of  control  valve.  

FIGURE  5  is  an  illustration  of  another  embodiment  of  control  means  for  

use  with  the  control  circuit  of  the  present  invention.  

Referring  first  to  Figure  1,  a  fuel  control  system  operated  by  the  

control  circuit  of  the  present  invention  is  illustrated,  the  control  sys tem 

being  incorporated  in  a  fluid  fuel  supply,  which  fuel  will  hereinafter  be 

referred  to  for  convenience  as  gas,  to  a  domestic  oven.  A  gas  inlet  10  is 



connected  to  a  t he rmos ta t i ca l ly   controlled  valve  11,  which  includes  an  on /of f  

valve  and  which  may  be  set  by  the  manually  operable  control  12. 

A  t empera tu re   sensing  device  13  will  au tomat ica l ly   operate  the  valve 

11 depending  on  the  t empera tu re   sensed  t he r eby .  

The  manual  contac t   12  also  operates  an  on  off  switch  23  connected  by 

cable  15  to  control  circuit  31 

The  valve  I  i s   connected  by  a  pipe  14  to  a  flame  failure  valve  30  which 

is  operated  e lec t r ica l ly   from  a  signal  received  from  a  control  circuit  31. 

The  control  circuit  31  has  connected  thereto  a  combustion  sensing 

device  32  and  it  is  also  connected  to  clock  timing  unit  33.  The  output  of  t h e  

flame  failure  valve  30  is  connected  by  a  pipe  34  to  the  burner  21. 

In  operation  of  the  device  if  it  is  required  to  work  on  a  non - t imed  

period,  i.e.  manual  operation,  the  control  12  is  turned  on  to  the  requi red  

tempera ture ,   s imultaneously  turning  on  the  on/off  "tap"  valve,  such  ope ra t ion  

opening  valve  I  o p e r a t i n g   switch  23  and,  since  the  switch  in  clock  t im ing  

unit  33  will  be  closed  causing  operation  of  ignition  unit  22  and  switching  on 

control  circuit  31. 

Control  circuit   31  is  connected  via  wires  35  to  the  flame  failure  va lve  

30.  In  the  absence  of  any  signal  the  flame  failure  valve  30  is  m a i n t a i n e d  

closed  however,  on  receipt   of  a  first  valve  opening  signal  on  line  35  the  f l a m e  

failure  valve  30  is  opened,  by  a  solenoid  for  example,  and  gas  can  flow 

through  the  valve  30  through  pipe  34  to  the  burner  21  the  gas  being  ignited  by 

automat ic   igniter  22.  

When  ignition  has  taken  place  combustion  is  sensed  by  sensing  unit  32 

(thermocouple)  which  sends  a  signal  to  the  electronic  control  circuit  31. 

This  has  the  effect   of  replacing  the  first  valve  opening  signal  on  line  35  wi th  

a  second,  combustion  sensing  signal,  to  maintain  the  flame  failure  device  30 

in  an  open  s tate.   In  pract ice   the  first  and  combustion  sensing  signals  on  line 

35  are  the  same  but  are  initiated  and  maintained  by  different  " ins t ruct ions"  

to  the  control  circuit   31. 

If  ignition  does  not  take  place,  for  example  due  to  a  faulty  ignition  uni t  

22,  then  the  signal  on  line  35,  initiated  by  turning  on  switch  23,  will,  after  a  

predetermined  period  of  time,  for  example  ten  seconds,  cease,  hence  closing 

the  flame  failure  valve  30  to  prevent  further  gas  being.supplied  to  the  burne r  

21. 



Safety  provisions  are  built  into  the  circuit  31  to  prevent  the  f l ame  

failure  valve  being  operated  once  again  until  the  power  supply  to  t h e  

electronic  control  circuit  31  has  been  switched  off .  

Such  safety  provisions  ensure  that  if  for  example  there  is  a  gas  fa i lu re  

the  combustion  sensing  device  32  will  sense  the  lack  of  combustion,  the  

electronic  control  circuit  31  will  change  the  signal  on  line  35  to  flame  fa i lu re  

valve  30  which  will  then  close.  If  the  gas  supply  is  subsequently  restored  no 

gas  can  pass  to  the burner  21. 

If  a  power  failure  occurs  the  flame  failure  valve  30  will  immediately  be 

switched  off  since  the  signal  on  line  35  from  electronic  control  circuit  31  will 

cease .  

Referring  now  to  Figure  2  the  control  system  shown  is  similar  to  t h a t  

shown  in  Figure  I.  However,  the  flame  failure  valve  30  has  been 

incorporated  in  the  body  of  thermos ta t ic   control  valve  11.  The  operation  of 

the  control  circuit  is  exactly  the  same  as  described  for  Figure  1. 

Referring  now  to  Figure  3  the  electronic  control  circuit  31  will  be 

described  in  more  detail.  A  mains  supply  of  voltage  is  supplied  to  t h e  

primary  of  t ransformer  Tl  and  t ransformed  to  a  low  voltage  which  is 

subsequently  rectified  by  diodies  DR  I and  DR2. 

The  voltage  is  stabilised  by  zener  diode  ZDI  and  supplied  to  a  checking  

circuit  CH1.  Safety  checking  circuit  CH1  comprises  resisters  R5  R9, 

transistors  TR3  and  TR4  diodes  D6  and  D7  and  relay  RL2  having  c o n t a c t s  

RLC2.  The  checking  circuit  will  later  be  described  in  more  de ta i l .  

Assuming  the  checking  circuit  CHI  has  not  sensed  a  fault  in  the  cont ro l  

circuit  the  circuit  will  operate  as  follows. 

Integrated  circuit  ICI  is  supplied  with  a  stablised  voltage  and  produces  

an  output  signal  on  an  output  terminal  40  which  causes  transistors  TR  a n d  

TR2  to  turn  on,  relay  RL  I to  be  energised  thus  switching  contacts  RC  a n d  

causing  a  voltage  to  be applied  to  terminals  TSl  and  TS2  which  are  c o n n e c t e d  

in  circuit  with  a  solenoid  for  operating  the  flame  failure  valve  30.  The  f l a m e  

failure  valve  is  thus  opened  and  it  permits  gas  to  flow  to  the  burner  21  so  as 

to  be  ignited  by  ignitor  22. 

As  soon  as  the  mains  voltage  is  supplied  to  transformer  T  c a p a c i t o r   C I 

will  begin  to  charge  through  resistors  Rla  and  Rlb  and,  after  a  

predetermined  time,  the  voltage  applied  to  terminal  42  of  the  circuit  ICI 

will  cause  the  intergrated  circuit  to  terminate   its  output  signal  on  output  40. 

The  transistors  TR  a n d   TR2  will  thus  switch  off,  relay  RL  de-energise  and 



contacts   RLCI  open.  The  flame  failure  valve  30  will  then  close.  Such  ac t ion  

will  take  place  if  no  ignition  is  sensed  by  a  combustion  sensing  device  32.  If 

combustion  is  sensed  by  combustion  sensing  device  32  a  small  voltage  is 

supplied  to  the  input  43  of  IC2,  which  is  a  voltage  comparator ,   generating  a 

signal  which  in tergra ted  circuit  IC3  (operational  amplifier)  amplifies  and 

provides  an  output  to  switch  on  transistors  TR  I  and  TR2.  Thus,  a f t e r  

switching  on  the  gas  appliance,  and  assuming  combustion  takes  place,  even  

though  the  signal  from  output  40  of  I C  I ceases  after  a  predetermined  t ime ,  

t ransistors   TR   and  TR2  are  maintained  in  an  "on"  state  by  the  signal 

provided  from  the  combustion  sensing  device  32  via  intergrated  circuits  IC2 

and  IC3.  Thus  relay  RLI  will  be  continually  energised  hence  main ta in ing  
flame  failure  valve  30  open .  

If  combustion  ceases  the  signal  from  combustion  sensing  device  32  will 

cease  and  the  signals  from  I C2  and  I C3  will  cease  switching  off  t r ans i s to rs  

TRI  and  TR2  and  de-energis ing  relay  RLI.  The  flame  failure  valve  30  will 

then  c lose .  

Immediate  re-ignit ion  is  not  possible  since  resistor  capacitor  ne twork  

R2a,R2b-C2  has  enabled  C2  to  charge  providing  a  signal  on  line  44  which 

inhibits  operation  of  IC  a n d   prevents  an  output  signal  being  provided  a t  

output  40. 

In  order  to  obtain  a  signal  at  output  40  of  ICi  it  is  first  necessary  to  

remove  the  power  supply  i.e.  switch  off  the  supply  to  t ransformer   TI  to  allow 

C2  to  discharge  through  R2a  and  R2b  this  also  ensures  that  any  unignited  gas 
present   in  the  vicinity  of  the  burner  has  time  to  d i sperse .  

When  C5  has  discharged,  or  at  least  discharged  to  a  predetermined  low 

value  once  power  is  provided  to  t ransformer  TI,  IC2  will  produce  a  signal  on 

output  40  for  a  p rede te rmined   length  of  time  dicta ted  by  the  rate  at  which 

C  c h a r g e s   cs  afore  exp la ined .  

The  control  circuit   therefore   permits  opening  of  the  flame  failure  valve  

30  for  a  p rede termined   short  period  of  time  when  requested  i.e.  by  swi tching 

on  the  circuit,  which  switching  on  is  carried  out  by  manual  switch  23  and, 

possibly  timed  by  time  control  33  and  similarly  may  be  switched  off  f rom 

time  control  33,  the  flame  failure  valve  30  also  being  maintained  open  for  an 
indefinite  period  providing  combustion  cont inues .  

At  the  end  of  a  predetermined  "timed"  period  the  gas  supply  must  be  

t e rmina ted .   The  time  control  33  therefore  switches  off  the  control  c i rcu i t  

thus  removing  the  potential   across  terminals  TSI  and  TS2  which  closes  the  

flame  failure  valve  30  even  though  combustion  was  still  taking  place.  



Referring  now  in  detail  to  the  checking  circuit  CHI,  the  purpose  of  the  

checking  circuit  CH  i s   to  inhibit  operation  of  the  control  circuit  should  a 

fault  in  the  switching  circuit  which  comprises  transistors  TRI,  TR2  by  means  

of  which  the  signal  is  provided  to  the  flame  failure  valve  30,  be  detected.   The 

checking  circuit  CHI  which  will  hereinafter   be  described  in  detail  also 

checks  for  the  correct  operation  of  other  important  parts  of  the  c i rcu i t .  

On  application  of  power  to  the  control  circuit,  initiated  by  turning  on  of 

the  switch  23  or,  if  switch  23  is  already  turned  on,  by  a  clock  operated  t i m e  

switch,  a  DC  voltage  from  the  t ransformer   rectifier  circuit  incorpora t ing  

transformer  T  a n d   diode  DR  a n d   DR2  is  regulated  by  zener  diode  ZD  a n d  

applied  to  comparator  circuit  IC2,  amplifier  circuit  IC3  and  also  to  t he  

checking  circuit  CHI  comprising  resistors  R5,  R9,  diode  D6,  D7  t r ans i s to r s  

TR3,  TR4  and  relay  RL2  having  contacts  RLC2.  

The  DC  voltage  stabilized  by  zener  diode  ZDI  is  not  however  appl ied 

directly  to  relay  RLI  which  is  operative  to  open  the  flame  failure  valve  30 

nor  is  the  DC  voltage  applied  to  the  timer  circuit  incorporated  in  i n t e g r a t e d  

circuit  ICI.  

Power  is  supplied  via  resistor  R5  to  the  collector  junction  of  t r ans i s to r  

TR  a n d   via  resistors  R5  and  R6  to  the  junction  between  resistor  R6,  diode 

D1  and  diode  D3  and  hence  through  diodes  D1  and  D2  to  terminal  42  of 

integrated  circuit  lCl, and  capacitor   Cl  and  through  diodes  D3  and  D4  t o  

capacitor  C2  to  test  for  "short  circuits"  of  the  capacitors  described  in  de ta i l  

la ter .  

On  activation  of  the  control  circuit  by  switching  on  switch  23  for  

example,  the  comparator  circuit  IC2  and  amplifier  circuit  IC3  is  energ i sed  

but  the  timer  lCl  a n d   main  relay  RLl  r e m a i n s   de-energised,  thus  the  solenoid 

valve  operating  flame  failure  valve 30  is  de-energised.  If  a  fault  exists  in  t h e  

comparator  circuit  IC2  or  amplifier  circuit  IC3  which  results  in  a  power  

output  from  IC3  tending  to  turn-on  transistor  TRl  and/or  TR2  the  effect  will 

be  to  reduce  the  potential  at  the  collector  of  TRl  from  its  previous  high  level 

to  a  potential  substantially  the  same  as  earth  (provided  by  the  conduction  of 

transistors  TR  a n d   TR2,  ).  The  current  through diode  D7  and  resistors  R7 

and  R8  tending  to  turn  on  transistors  TR3  and  TR4  will  thus  be  insuf f ic ien t  

preventing  these  transistors  from  turning  on  and  hence  p reven t ing  

energisation  of  relay  RL2.Contact   RLC2  will  thus  remain  open.  When 

contact  RLC2  is  open  then  relay  RLI  cannot  be  energised.  Furthermore  wi th  

relay  RL2  de-energised  power  cannot  be  supplied  to  timer  circuit  l C l .  



As  aforement ioned  the  voltage  at  terminal  42  of  lCl  is,  at  the  moment  

of  switch-on,  low.  If  capaci tors   C  I or  C2  are  faulty  e.g.  short  circuited,  t hen  

the  potential  of  the  junction  of  resistor  R6  and  diode  D7  will  not  rise  and 

hence  will  not  be  sufficient  to  drive  transistors  TR3  and  TR4  into  conduct ion 

thereby  preventing  energisat ion  of  relay  RL2  and  rendering  flame  fa i lure  

valve  30  and  timer  circuit  IC  I  i nope ra t i ve .  

It  will  thus  be  understood  that  not  only  is  the  switching  c i rcui t  

comprising  transistors  TRl  and  TR2  checked,  the  drive  circuit  IC2  and  IC3 

which  cause  operation  of  such  transistors  is  checked,  furthermore  t he  

functioning  of  capacitors  Cl  and  C2  operative  to  stop  the  signal  after  a 

p rede te rmined   length  of  time  in  conjunction  with  timing  circuit  lCl  is  also 

checked  before  the  control  circuit  permits  sending  a  signal  to  relay  RL   to  

open  the  flame  failure  valve  30. 

If  during  normal  operat ion  of  the  control  means  of  the  p resen t  

invention,  there  is  disconnection  of  the  control  circuit  from  its  power  supply, 
for  a  period  of  for  example  a  second  or  two,  the  circuit  will  be  inhibited  until 

the  thermocouple   cools  to  a  p rede te rmined   t empera tu re   until  relay  RLI  is 

de-energised  and  the  flame  failure  valve  closed,  after  which  assuming  the  

power  supply  is  reconnected,   the  timer  circuit  can  re-cycle  to  open  the  f l ame  

failure  valve  and  initiate  ignition  of  the  burner .  

Some  of  the  components   in  the  circuit,  such  as  transistors  TRI  and 

TR2,  Rla,  Rlb  are  present  in  duplicate  where  it  will  be  appreciated  only  a 

single  component  may  be  used.  However,  the  duplication  of  such  impor tan t  

components   ensures  that  if  one  component  fails  the  control  circuit  will 

continue  to  operate  safely  or  "fail  safe  "thus  preventing  the  occurrence  of  a  

potent ia l ly   hazardous  cond i t ion .  

Referr ing  now  to  Figure  4,  a  thermos ta t ic   control  valve  incorporating  a 
flame  failure  valve  is  i l lustrated  the  combined  valve  comprising  a  gas  inlet  

10,  t he rmos ta t i c   valve  11,  manual  operating  spindle  12  switch  23, 

t he rmos t a t i c   heat  sensing  device  13,  flame  failure  valve  30  the  flame  fa i lure  

valve  operating  solenoid  42  is  connected  by  the  line  43  to  terminals  TSI  and 

TS2  shown  in  Figure  3.  The  valve  body  may  also  include  an  on/off  " tap" 

v a l v e .  

Referring  now  to  Figure  5,  a  further  a l ternat ive  of  the  control  means  of 

the  present  invention  is  i l lustrated  and  comprises  a  gas  burner  21  connec ted  

from  valve  means  54  by  a  supply  pipe  34,  the  fuel  being  supplied  to  the  valve 

means  54  through  pipe  10. 



The  valve  means  54  is  provided  with  two  solenoid  valve  55  and  56,  va lve  

55  comprising  a  flame  failure  valve  operable  from  control  circuit  50  in 

accordance  with  the  method  of  operation  as  previously  described  wi th  

reference  to  Figures  I and  2,  the  flame  failure  valve  55  being  capable  of 

being  opened  on  instructions  from  the  control  circuit  50  either  when  t h e  

sensing  device  32  senses  combustion  or  for  a  short  period  of  time  to  a l low 

fuel  to  pass  to  the  burner  21  and  for  ignitition  of  the  fuel  by  the  ignitor  22. 

The  second  solenoid  valve  56  is  a  thermostat ical ly   operated  valve  and  is 

controlled  in  accordance  with  the  signal  from  control  circuit  50,  which  signal 

is  generated  or  modified  in  accordance  with  a  t empera ture   sensed  by  sensing 

means  53  which  may  comprise  a  thermocouple.   A  manually  operable  cont ro l  

12  is  connected  to the  control  circuit  50  to  provide  an  input  function  of  t h e  

desired  temperature   and  may  .be  connected  to,  for  example,  a  va r i ab le  

resistor  51  which  is  electr ically  connected  to  control  circuit  50. 

An  important  advantage  is  gained  by  the  provision  of  an  e l ec t ron i ca l ly  

controlled  thermostat ic   valve  56  in  that  the  manually  operable  control  m e a n s  

12  may  be  positioned  remotely  from  the  control  valve  54  thus  f u r t h e r  

eliminating  pipework  joints  in  the  fuel  supply  sys tem.  

The  control  circuit  of  the  present  invention  enables  not  only  a  s a f e r  

more  reliable  system  but  also  provides  a  considerable  saving  in  the  valves  and 

pipework  and  joints  necessary  to  provide  the  required  control  of  an 

automatical ly   timed  fluid  fuel  burning  device.  

The  features  disclosed  in  the  foregoing  description,  or  the  fol lowing 

claims,  or  the  accompanying  drawings,  expressed  in  their  specific  forms  or  in 

terms  of  a  means  for  performing  the  disclosed  function,  or  a  method  o r  

process  for  attaining  the  disclosed  result,  or  a  class  or  group  of  substances  0τ 

compositions,  as  appropriate,   may,  separately  or  any  combination  of  such 

features,   be  utilised  for  realising  the  invention  in  diverse  forms  t h e r e o f .  



I.  A  control  circuit  31  in  or  for  a  fuel  using  appliance  of  the  type  in  which 

a  valve  means  30  is  opened  to  enable  combustion  of  fuel  to  take  p lace  

cha rac t e r i s ed   in  that  said  control  circuit  30  includes  switching  means  

opera t ive   to  permit  of  or  prevent  said  valve  means  being  provided  with  a 

signal  for  opening  said  valve  means  30,  and  in  that  said  control  circuit  30 

includes  a  checking  circuit  capable  of  ascertaining  that,  prior  to  the  sending 

of  said  signal  said  switching  means  is  in  a  state  to  prevent  said  signal  being 

sent  and,  if  said  switching  means  is  not  in  a  signal  sending  p revent ing  

condition  said  control  circuit  prevents  the  sending  of  said  s ignal .  

2.  A  control  circuit  as  claimed  in  Claim  I  charac ter i sed   in  that  said  valve 

means  30  comprises  a  flame  failure  valve  and  can  be  opened  by  said  signal  for  

a  p rede te rmined   short  period  of  time  i r respect ive  of  the  presence  or  absence  

of  c o m b u s t i o n .  

3.  A  control  circuit  as  claimed  in  Claim  I or  Claim  2  character ised   in  t h a t  

said  valve  means  30  comprises  a  flame  failure  valve  and  in  that  said  control  

circuit   31  includes  an  input  from  a  combustion  sensing  means  32  operative  to  

genera te   a  signal  to  maintain  said  valve  means  30  open  when  combust ion 

takes  p l a c e .  

4.  A  control  circuit  as  claimed  in  any  one   of  the  preceding  c la ims 

cha rac t e r i s ed   in  that  said  checking  circuit  CHl  is  operative  to  check  o the r  

parts  of  the  said  control  circuit  31  as  to  their  normal  operation  and  condit ion 

and,  on  sensing  abnormality,   said  checking  circuit  CHl  is  operative  to  e i t he r  

prevent   the  sending  of  a  signal  to  open  said  valve  means  30. 

5.  A  control  circuit  as  claimed  in  any  one   of  the  preceding  claims 

cha rac te r i sed   in  that  said  control  circuit  31  comprises  timing  means  lCl  

opera t ive   after  initiation  of  a  valve  means  30  opening  signal  to  prevent  r e -  

generat ion  of  said  signal  until  a  p rede te rmined   time  has  e lapsed.  

6.  A  control  circuit  as  claimed  in  any one  of  the  preceding  claims,  and 

valve  means  30  character ised  in  that  said  valve  means  30  is  closed  to  p revent  

supply  of  fuel  in  the  absence  of  combustion  of  fuel  and  is  open  to  allow  a 

supply  of  fuel  if :-  



(a)  combustion  of  fuel  is  sensed,  or 

(b)  a  signal  is  received  from  said  control  circuit  31  which  signal  enables  

said  valve  means  30  to  be  open  for  a  short  period  of  t ime;  

and  further  valve  means  connected  in  series  with  said  valve  means  30  said 

further  valve  means  comprising  a  thermos ta t ica l ly   operated  valve  56. 

7.  A  control  circuit  as  claimed  in  Claim  6  character ised  in  that  said  valve 

means  30,55  and  said  thermosta t ica l ly   controlled  valve  11, 56  are  provided  in 

a  single  valve  body  54. 

8.  A  control  circuit  as  claimed  in  any  one   of  the  preceding  c la ims 

characterised  in  that  said  control  circuit  31  includes  an  input  from  a  clock 

operated  switch  capable  of  initiating  the  generation  of  said  signal. 

9.  A  fluid  fuel  using  appliance  including  valve  means  for  permitting  or 

preventing  the  flow  of  fuel  to  said  appliance  character ised  in  that  said  valve 

means  30  is  controlled  by  a  control  circuit  31  as  claimed  in  any one  of  t he  

preceding  c laims.  

10.  An  oven  for  heating  or  cooking  foods,  the  oven  being  connected  to  a  gas 
supply  and  having  a  burner  21  where  such  gas  is  burnt  and  wherein  valve 

means  30  are  provided,  said  valve  means  30  being  open  if: 

(a)  combustion  of  fuel  is  sensed  by  0  combustion  sensing  means  32,or 

(b)  a  signal  is  received  from  a  control  circuit  31,  said  signal  enabling  t he  

valve  means  30  to  be  opened  for  a  predetermined  short  period  of  t i m e  

irrespective  of  the  presence  of,  or  absence  of,  combustion  of  fuel  a t  

said  burner  21; 

characterised  in  that  the  control  circuit  31  is  as  claimed  in  any one  of  Cla ims 

I  to  8. 
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