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(S)  Energy  regulator. 

(57)  An  energy  regulator  1  has  a  bimetal  element  5 
as  primary  limb  with  a  compensator  limb  13. 
The  primary  limb  is  responsive  to  the  heater  11 
and  the  compensator  limb  compensates  for 
ambient  temperature  fluctuation.  The  primary 
and  compensator  limbs  are  formed  by  splitting 
a  single  bimetal  strip  part-way  along  its  length. 
The  bimetal  structure  may  be  mounted  on  a 
flexible  pivot  17. 
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The  present  invention  relates  to  an  energy  regu- 
lator  of  the  kind  which  incorporates  a  bimetal  element. 

It  has  long  been  common  to  utilise  temperature- 
dependent  deflection  of  a  bimetal  strip  to  fulfil  a  reg- 
ulating  function  in  a  wide  range  of  equipment,  for  ex- 
ample  in  domestic  appliances  such  as  cookers.  The 
bimetal  strip  is  heated  by  a  heating  element  in  inti- 
mate  contact  with  the  active  leg  of  the  bimetal  ele- 
ment  which  is  contained  within  the  regulator,  specifi- 
cally  for  that  purpose.  Typically,  the  deflection  is  used 
to  actuate  a  switch  mechanism  to  open  and  close 
electrical  contacts  for  the  supply  of  power  to  the  load. 
The  setting  at  which  the  bimetal  strip  actuates  the 
switch  mechanism  is  determined  by  a  rotary  cam  ar- 
rangement. 

It  is  also  known  to  incorporate  a  compensation 
element  to  compensate  for  variation  in  ambient  tem- 
perature  so  that  deflection  of  the  bimetal  strip  is  more 
accurately  dependent  on  the  temperature  of  the  heat- 
ing  element  which  heats  the  bimetal  strip.  It  is  com- 
mon  practice  to  provide  a  primary  switch  for  single 
pole  operation  and  secondary  switches  for  double 
pole  and  auxiliary  functions  operation  within  the 
same  regulator,  for  example  to  isolate  the  regulator 
and  load  from  the  electrical  supply  when  the  regulator 
is  set  to  the  "off  position.  Conveniently,  this  operates 
in  response  to  a  second  rotary  cam  arrangement 
mounted  on  the  same  shaft  as  the  cam  which  deter- 
mines  the  switching  effected  by  the  bimetal  element. 

A  new  form  of  bimetal  energy  regulator  has  now 
been  devised  which  in  its  various  possible  forms  pro- 
vides  one  or  more  advantages  over  previously  known 
such  regulators  and/or  overcomes  technical  problems 
associated  with  these  conventional  regulators. 

A  common  form  of  heating  element  for  such  a  reg- 
ulator  is  a  ceramic  substrate  thickf  ilm  heater.  Current 
methods  of  making  electrical  connection  to  ceramic 
substrate  heaters  have  shortcomings  in  maintaining 
a  reliable  electrical  connection  at  high  ambient  tem- 
peratures  and  heater  power  levels.  Soldered  connec- 
tions  are  difficult  to  fuse  (e.g.  Ag  to  CuNi)  and  creep 
and  melt  points  of  HMP  solder  limit  maximum  safe  op- 
erating  temperatures.  Mechanical  rivet/tape  com- 
pression  types  are  prone  to  intermittent,  i.e.  high  re- 
sistance,  connection.  Spring  wiper  connection  types 
suffer  from  stress  relaxation  as  well  as  friction  and 
wear.  The  magnitude  and  degree  of  change  of  force 
experienced  can  adversely  affect  control  perfor- 
mance. 

A  new  low  cost  method  of  ensuring  a  reliable 
mechanical  and  electrical  connection  to  such  sub- 
strate  heaters  has  now  been  developed. 

Thus,  a  first  aspect  of  the  present  invention  pro- 
vides  a  method  of  making  an  electrical  connection  to 
a  ceramic  substrate  heater  comprising  a  resistor 
track,  a  conductor  pad  for  the  resistor  track,  and  an 
electrical  lead  making  electrical  connection  to  said 
conductor  pad,  the  method  comprising  welding  said 

lead  to  said  conductor  pad  by  ultrasonic  welding. 
According  to  a  second  aspect  of  the  present  in- 

vention,  there  is  provided  a  ceramic  substrate  thick 
film  heater  comprising  a  resistor  track  in  electrical 

5  contact  with  a  conductor  pad  and  an  electrical  lead 
making  electrical  connection  to  said  conductor  pad, 
whereby  the  lead  is  ultrasonically  welded  to  the  con- 
ductor  pad. 

Preferably,  the  conductor  pad  is  made  from  a  ma- 
10  terial  comprising  a  noble  metal,  e.g.  comprising  silver 

and  platinum.  Preferably,  the  lead  comprises  copper 
or  especially  comprises  cupronickel  or  nichrome.  In 
any  event,  it  is  preferred  for  the  electrical  lead  to  com- 
prise  a  tape  or  wire  formed  of  an  electrical  conducting 

15  material.  This  can  form  part  of  an  electrical  connec- 
tion  to  the  clip  securing  the  tape  to  the  body  of  the  reg- 
ulator  and/or  its  electrical  supply  terminal. 

It  is  known  from  European  Patent  Specification 
No.  EP0194  512Ato  operate  a  dou  ble  pole  second- 

20  ary  switch  by  means  ofanauxilliary  cam  arrangement 
acting  upon  a  switch  contact  arm  ganged  by  means 
of  a  ganging  bar  to  a  second  contact  arm.  However, 
this  does  not  permit  the  second  contact  arm  to  switch 
independently  of  the  contact  arm  which  interacts  di- 

25  rectly  with  the  auxilliary  cam.  However,  another  as- 
pect  of  the  present  invention  overcomes  this  disad- 
vantage. 

Thus,  according  to  a  third  aspect  of  the  present 
invention,  there  is  provided  an  energy  regulator  com- 

30  prising  a  bimetal  element  and  a  heating  element  for 
heating  the  bimetal  element  such  that  deflection  of 
the  bimetal  element  effects  a  switching  action.  The  in- 
put  power  level  of  the  heating  element  or  heating  ef- 
fect  of  the  heating  element  at  which  the  bimetal  ele- 

35  ment  effects  switching  being  determined  by  the  pos- 
ition  of  a  first  cam  surface  upon  which  a  first  cam  fol- 
lower  bears,  the  first  cam  follower  being  mechanically 
linked  to  said  bimetal  element,  a  second  cam  surface 
being  mechanically  integrally  linked  to  said  first  cam 

40  surface  and  a  second  cam  follower  being  arranged  to 
bear  upon  said  second  cam  surface  to  effect  a  first  in- 
dependent  switching  function  at  one  or  more  prede- 
termined  regulator  settings,  wherein  a  third  cam  sur- 
face  is  also  provided,  mechanically  integrally  linked  to 

45  said  first  and  second  cam  surfaces  and  upon  which 
a  third  cam  follower  bears  for  effecting  a  further  inde- 
pendent  switching  function  at  one  or  more  predeter- 
mined  regulator  settings. 

Another  advantage  of  the  independent  switching 
so  feature  over  other  such  devices  is  that  a  dual  circuit 

control  of  elements  can  be  obtained.  Both  line  and 
neutral  switched  versions  are  possible.  The  indepen- 
dent  operation  of  respective  switch  contact  arms 
overcomes  manufacturing  problems,  reduces  the 

55  numberof  components  and  cost  and  complexity  com- 
pared  with  devices  employing  simultaneous  gang  bar 
type  switching  arms. 

The  linked  first,  second  and  third  cams  can  be  in 
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any  suitable  arrangement,  for  example  linked  to  a  slid- 
er  control.  However,  in  a  preferred  embodiment  they 
are  in  the  form  of  rotary  cam  elements,  most  prefer- 
ably  mounted  on  a  common  shaft,  e.g.  integral  with 
each  other. 

According  to  a  preferred  feature  of  the  third  as- 
pect  of  the  invention,  the  third  cam  follower  is  not  di- 
rectly  attached  to  the  contact  arm  which  it  actuates. 
Conveniently,  such  a  "loose"  cam  follower  is  support- 
ed  on  the  regulator  case  by  support  and  guide  means. 

One  piece  energy  regulator  bimetal  designs  are 
normally  associated  with  "face"  profile  type  cam  ar- 
rangements  (see  PCT  Patent  Application  WO 
93/26027)  in  which  the  bimetal  is  stamped  from  one 
piece  and  with  adjustment  to  obtain  the  correct  ratio 
of  length  of  limbs,  optimum  compensation  can  be  ob- 
tained,  irrespective  of  bimetal  constant  variation. 

Alternative  designs  such  as  disclosed  in  EP-A-0 
194  512  use  two  strips  of  bimetal  independently 
mounted  onto  a  fixed  pivot  arrangement,  acting 
against  an  edge  cam.  This  method  is  problematical  in 
controlling  deflection  constant  variation  between  dif- 
ferent  strips  and  detecting  non  deflection/delamina- 
tion  manufacturing  problems  of  the  compensator 
limb,  together  with  obtaining  a  reliable  rigid  fixing  to 
the  pivot.  This  arrangement  gives  less  than  optimum 
compensation  but  improved  low  profile  control  design 
options. 

A  fourth  aspect  of  the  present  invention  now  pro- 
vides  an  energy  regulator  comprising  a  bimetal  ele- 
ment  comprising  a  primary  limb  responsive  to  a  heat- 
ing  element  and  a  compensator  limb  for  compensat- 
ing  forthe  effects  of  ambient  temperature  fluctuation, 
wherein  the  primary  and  compensator  limbs  are 
formed  of  the  same  piece  of  bimetal  and  the  bimetal 
element  is  mounted  on  a  flexible  pivot  member. 

Using  this  form  of  construction,  ambient  compen- 
sation  is  automatically  achieved  whilst  substantially 
eliminating  deflection  constant  variations. 

A  preferred  embodiment  of  the  fourth  aspect  of 
the  invention  incorporates  an  edge  cam  arrangement, 
by  forming/bending  the  bimetal  it  can  be  arranged 
thatthe  high  expansion  side  of  the  bimetal  is  such  that 
full  ambient  compensation  is  achievable,  the  design 
also  makes  economical  use  of  an  expensive  material 
and  simplifies  assembly  to  the  frictionless  pivot. 

The  design  therefore  has  the  advantages  of  giv- 
ing  optimum  compensation,  elimination  of  bimetal 
constant  variation  problems  and  also  enabled  a  low 
profile  design  of  control  to  be  considered. 

The  feature  of  a  one  piece  split  bimetal  welded  to 
a  frictionless  pivot  and  incorporating  an  edge  cam  dif- 
fers  in  design  to  both  arrangements  disclosed  in 
WO93/26027  and  EP-A-0  194  512  and  has  not  previ- 
ously  been  utilised  in  other  controls. 

Preferably,  the  primary  and  compensator  limbs 
are  integral,  e.g.  formed  by  splitting  a  bimetal  strip 
lengthways  from  one  end  along  a  part  of  its  length. 

This  bimetal  strip  can  be  supported  at  its  unsplit  end. 
The  unsplit  end  of  such  a  split  bimetal  strip  can  be 
supported  on  the  pivot. 

Thus,  a  fifth  aspect  of  the  present  invention  pro- 
5  vides  an  energy  regulator  comprising  a  bimetal  ele- 

ment  comprising  a  primary  limb  responsive  to  a  heat- 
ing  element  and  a  compensator  limb  for  compensat- 
ing  for  the  effects  of  ambient  temperature  fluctuation, 
wherein  the  primary  and  compensator  limbs  are 

10  formed  of  a  bimetal  strip  split  lengthways  from  one 
end  thereof  along  part  of  its  length. 

A  preferred  form  of  flexible  pivot  comprises  a 
spring,  preferably  of  the  leaf  spring  type.  Stainless 
steel  is  a  preferred  material  for  making  this  spring  piv- 

15  ot.  This  form  of  pivot  can  eliminate  the  need  for  lubri- 
cation,  and  avoid  backlash  and  friction  problems  as- 
sociated  with  high  ambient  temperature  and  thermal 
ageing  of  the  components. 

Preferably,  the  primary  and  compensator  limbs 
20  are  approximately  at  right  angles  or  otherwise  in  a 

mutual  V  configuration. 
Preferably  also,  the  compensator  limb  terminates 

in  a  cam  follower  arranged  to  bear  upon  a  cam  sur- 
face.  To  enhance  the  elimination  of  deflection  con- 

25  stant  variation,  it  is  preferred  for  the  cam  follower  to 
be  integral  with  and  formed  of  part  of  an  end  of  the 
compensator  limb.  The  cam  surface  is  preferably  a 
periphery  of  a  cam  element  attached  to  a  knob  or 
other  device  for  user  control.  Using  the  aforemen- 

30  tioned  spring  type  of  pivot,  the  force  generated  by  this 
pivot  spring  together  with  the  force  generated  by  the 
switch  mechanism  maintains  and  holds  the  compen- 
sator  limb  against  the  cam  surface  under  all  setting 
positions  of  the  knob  or  device  assisting  user  control, 

35  resulting  in  a  positive  location  and  setting  of  the  cam. 
The  primary  limb  presents  a  negative  force  at  the 
point  of  operation,  thus  reducing  bimetal  stress  load- 
ing.  This  enables  high  working  temperatures  to  be  ob- 
tained  without  permanent  deformation  of  the  bimetal 

40  element. 
Preferably,  a  calibration  feature  is  provided  for 

determining  the  particular  regulator  setting,  i.e.  per- 
centage  output,  (for  a  predetermined  cam  position)  at 
which  the  energy  regulator  turns  on  or  off.  This  may 

45  be  constituted  by  an  adjustment  screw  device  pro- 
truding  through  a  free  end  of  the  primary  leg,  termin- 
ating  in  an  actuating  member.  However,  such  an  ad- 
justment  feature  could  be  provided  elsewhere.  For 
example,  a  screw  adjustment  with  protrusion  could 

so  be  put  through  a  free  end  of  the  compensator  leg  to 
bear  upon  the  cam  surface,  i.e.  to  act  as  the  cam  fol- 
lower. 

The  invention  will  now  be  explained  in  more  detail 
byway  of  the  following  description  of  a  preferred  em- 

55  bodiment  and  with  reference  to  the  accompanying 
drawings,  in  which:  - 

Figure  1  shows  an  energy  regulator  according  to 
the  present  invention; 
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Figure  2  shows  an  alternative  manner  of  electri- 
cal  connection  to  the  ceramic  substrate  thick  film 
heater  of  the  regulator  shown  in  Figure  1  and  in 
accordance  with  the  present  invention; 
Figure  3  shows  a  detail  of  the  electrical  connec- 
tion  shown  in  Figure  2  when  implemented  in  the 
regulator  depicted  in  Figure  1; 
Figure  4  shows  a  detail  of  a  cam  follower  as  used 
in  the  regulator  shown  in  Figure  1; 
Figure  5  shows  a  perspective  view  of  the  cam  fol- 
lower  shown  in  Figure  4; 
Figure  6  shows  a  lateral  cross-section  of  the  cam 
follower  shown  in  Figures  4  and  5; 
Figure  7  shows  a  circuit  diagram  of  a  regulator  ac- 
cording  to  the  present  invention  with  a  basic  sin- 
gle-circuit  connection  through  a  bimetallic  strip 
switching  element; 
Figure  8  shows  a  circuit  diagram  analogous  to 
that  shown  in  Figure  7  but  with  an  independent 
switching  element  connected  to  a  signal  lamp; 
Figure  9  shows  a  typical  scale  for  a  regulator  as 
shown  in  Figure  7  or  Figure  8; 
Figure  10  shows  a  circuit  diagram  of  a  regulator 
according  to  the  present  invention  with  an  inde- 
pendent  switching  element  in  series  with  the  load 
and  bimetallic  switching  element; 
Figure  11  shows  a  circuit  diagram  analogous  to 
that  shown  in  Figure  10  but  with  a  second  inde- 
pendent  switching  element  operating  a  signal 
lamp;  and 
Figure  12  shows  a  typical  scale  for  a  regulator  as 
shown  in  Figure  10  or  Figure  11. 
First,  as  shown  in  Figure  1,  there  is  provided  a 

regulator  denoted  generally  by  reference  numeral  1  . 
The  regulator  1  comprises  a  base  3  in  which  the  con- 
stituent  parts  of  the  regulator  are  housed. 

The  main  part  of  the  regulator  comprises  a  pri- 
mary  bimetal  leg  5  to  which  a  ceramic  substrate  thick 
film  heater  assembly  11  is  secured  by  means  of  an 
eyelet  7  and  a  surrounding  coil  spring  9.  A  compen- 
sator  bimetal  strip  13  extends  at  approximately  right 
angles  to  the  primary  strip  5  and  is  contiguous  there- 
with.  In  other  words,  the  primary  strip  and  compensa- 
tor  strip  constitute  separate  limbs  formed  from  a  sin- 
gle  piece  of  bimetal,  joined  by  a  base  region  15. 

The  base  region  1  5  is  secured  to  a  pivot  spring  1  7 
in  the  form  of  a  leaf  spring,  so  that  the  primary  bimetal 
strip  5  and  the  compensator  bimetal  strips  13  togeth- 
erwith  the  substrate  heater  11  pivot  together  as  a  sin- 
gle  rigid  assembly.  The  pivot  spring  17  is  fixed  to  the 
base  3  by  means  of  a  support  19. 

The  primary  bimetal  strip  5  comprises  a  root  por- 
tion  21  in  contact  with  the  substrate  heater  11  and  an 
oblique  portion  23  extending  away  from  the  substrate 
heater  and  a  distal  portion  25  spaced  apart  from  the 
substrate  heater.  The  fact  that  only  the  root  portion  21 
is  in  direct  contact  with  the  substrate  heater  11  max- 
imises  the  differential  deflection  of  the  primary  strip 

5  fora  unit  temperature  change.  This  is  in  accordance 
with  the  applicants'  U.K.  patent  No.  GB  1  201  537. 

The  bimetal  leg  5  bears  on  a  deflectable  snap  ac- 
tion,  spring  member  27  by  means  of  the  calibration 

5  screw  33  extending  through  an  end  thereof  remote 
from  the  root  portion  21  ,  so  that  the  deflection  of  the 
bimetal  leg  5  results  in  the  electrical  contacts  2,  4  op- 
erating  (make  and  break)  as  a  function  of  the  over 
centre  action  of  the  switch  mechanism  6. 

10  Calibration  of  the  regulator  to  preset  the  precise 
power  level  (for  a  given  user  setting)  at  which  electri- 
cal  connection  between  the  contacts  2,  4  is  made  or 
broken  is  effected  by  means  of  a  calibration  screw  33. 

The  regulator  setting  controlled  by  the  user  is  set 
15  by  means  of  a  knob  (not  shown)  mounted  on  a  spindle 

87  which  a  cam  element  37  is  rotatably  mounted.  The 
outer  circumference  of  the  cam  element  presents  a 
cam  surface  39. 

Remote  from  the  base  region  15,  the  compensa- 
20  tor  strip  has  a  bend  41  so  that  it  is  angled  towards  the 

cam  element  37  and  terminates  in  a  cam  follower  43 
which  bears  against  the  cam  surface  39.  In  accor- 
dance  with  the  position  of  the  knob,  the  position  of  the 
cam  surface  39  contacted  by  the  cam  follower  43  al- 

25  ters  the  orientation  of  the  compensator  bimetal  strip 
13  relative  to  the  pivot  spring  17  and  so  also,  the  ori- 
entation  of  the  primary  bimetal  strip  11  relative  to  the 
pivot  spring.  Thus,  the  position  of  the  calibration 
screw  33  relative  to  the  switch  mechanism  6  is  also 

30  varied. 
Thus,  in  use,  the  calibration  screw  is  used  in  ini- 

tial  set-up  to  calibrate  the  regulator  as  described 
above.  Then,  the  user  turns  the  knob  to  orientate  the 
compensator  and  primary  bimetal  strips  13,  5  by 

35  means  of  the  cam  action.  This  determines  the  power 
level  to  the  substrate  heater  and  to  the  corresponding 
load  connected  across  the  electrical  contacts  2,  4. 
Fora  given  set  cam/spindle  position  the  output  power 
would  by  cyclic  at  contacts  2,  4. 

40  It  will  readily  be  appreciated  that  the  temperature 
change  as  a  result  of  electrically  energising  the  sub- 
strate  heater  circuit  will  excite  the  root  portion  21  of 
the  bimetal  leg  5.  The  advantages  lever  ratio  will  re- 
sult  in  the  calibration  screw  33  operating  switch  6  to 

45  make  or  break  contacts  2,  4,  thus  maintaining  preset 
power  level.  However,  the  compensator  strip  13  will 
compensate  for  ambient  temperature  variation. 

The  two  limbs  (primary  and  compensator  strips) 
are  formed  from  a  single  strip  split  laterally  with  the 

so  unsplit  remnant  at  one  end  forming  the  base  region  15 
which  is  mounted  on  the  pivot  spring.  Thus,  the  metal 
on  the  top  side  (facing  the  cam  element  37)  of  the  pri- 
mary  strip  5  is  on  the  reverse  side  (not  facing  the  cam 
element)  of  the  compensator  strip  1  3  and  vice  versa. 

55  The  formation  of  the  primary  and  compensator 
strips  5,  13  from  a  single  element  substantially  en- 
sures  elimination  of  deflection  constant  variations 
which  would  result  if  the  two  strips  were  fabricated 
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separately.  This  is  also  aided  by  the  fact  that  the  cam 
follower  43  is  integral  with  the  compensator  strip  rath- 
er  than  a  joined-on  element. 

Electrical  connection  is  made  to  the  substrate 
heater  11  byway  of  a  cupronickel  or  nichrome  tape  45, 
or  a  tape  of  similar  material,  via  a  rivet  connector  47. 
In  order  to  allow  the  substrate  heater  11  and  primary 
strip  5  to  pivot  freely  without  unduly  stressing  this 
electrical  connection,  the  following  features  are  pro- 
vided,  namely,  a  fold-back  bend  49  at  the  end  of  a  link 
clip  53  formed  between  the  bend  49,  in  a  corner  55 
of  the  base  3  so  that  the  remainder  57  of  the  link  clip 
connecting  to  a  supply  terminal  59  is  sprung  onto  a 
boss  61  in  the  base. 

An  alternative  but  preferred  method  of  welding 
the  tape  45  to  the  ceramic  substrate  thick  film  heater 
11  is  shown  in  Figure  2. 

The  resistor  track  63  of  the  ceramic  substrate 
thickf  ilm  heater  is  electrically  connected  to  a  conduc- 
tor  pad  65.  The  tape  45  is  welded  to  the  conductor  pad 
by  ultrasonic  welding.  The  conductor  pad  is  made  of 
a  silver/platinum  alloy.  The  ultrasonic  energy  is  ap- 
plied  generally  in  the  direction  of  the  arrow  defined  by 
numeral  67.  This  weld  is  capable  of  operating  at  an 
ambient  temperature  in  excess  of  380°C  without  oxi- 
dation  or  deterioration  with  age. 

As  shown  in  more  detail  in  Figure  3,  the  tape  45 
is  connected  to  the  link  clip  53  by  means  of  a  U-shap- 
ed  portion  68  and  a  clip  arrangement  69  which  could 
be  strengthened  by  means  of  spot  welding  or  ultra- 
sonic  welding. 

Referring  again  to  Figure  1,  there  is  also  shown 
in  the  same  regulator,  auxiliary  switch  elements  de- 
noted  generally  by  reference  numeral  71.  These 
switch  elements  71  comprises  pair  of  switches  73  and 
75.  The  first  of  these  switches  73  has  a  fixed  contact 
77  and  a  moving  contact  79.  The  moving  contact  79 
is  mounted  on  a  spring  mounting  81.  Part  of  this  mov- 
ing  contact  79  is  shaped  to  act  as  a  cam  follower  83. 

The  cam  follower  83  bears  upon  a  second  cam 
surface  85  behind  the  primary  cam  surface  39,  rela- 
tive  to  the  plane  of  the  paper.  The  second  cam  sur- 
face  85  rotates  in  accordance  with  rotation  of  the  pri- 
mary  cam  surface  39  in  response  to  rotation  of  a  com- 
mon  shaft  87.  As  will  be  explained  in  more  detail  here- 
inbelow,  the  second  cam  surface  is  configured  to 
open  and  close  the  contacts  77,  79  of  the  first  switch 
73,  at  one  or  more  positions  of  rotation  of  the  shaft  87. 
As  shown  in  Figure  1,  the  contacts  77  and  79  are  in 
the  open  position. 

Behind  the  second  cam  surface  85  is  located  a 
third  cam  surface  89  which  also  rotates  in  accordance 
with  rotation  of  the  common  shaft  87.  A  third  cam  fol- 
lower  91  bears  upon  the  third  cam  surface  89.  Further 
details  of  the  cam  follower  can  be  seen  from  Figures 
4,  5  and  6. 

The  third  cam  follower  91  is  elongate  in  one  di- 
mension  and  has  a  first  curved  end  surface  93  which 

rides  over  the  third  cam  surface  89.  It  also  has  a  sec- 
ond  curved  end  surface  95,  remote  from  said  first  end 
surface  93,  which  acts  upon  a  movable  arm  97  of  the 
third  switch  75.  The  third  switch  comprises  a  movable 

5  arm  and  is  fixed  to  a  terminal  support  96.  As  shown 
in  Figure  1  ,  the  contacts  98,  99  of  the  third  switch  75 
are  shown  in  the  open  position. 

Also  as  will  be  explained  further  hereinbelow,  the 
third  cam  surface  is  configured  to  open  and  close  the 

10  contacts  98,  99  of  the  third  switch  75  through  the 
agency  of  the  third  cam  follower  91  .  It  will  be  appre- 
ciated  that  the  opening  and  closing  of  the  second  and 
third  switches  73,  75  is  independent  of  each  other  and 
also  independent  of  the  opening  and  closing  of  the 

15  contacts  2,  4  in  response  to  the  operation  of  the  bi- 
metal  strip  5  and  the  action  of  the  primary  cam  sur- 
face  39. 

The  third  cam  follower  91  is  not  attached  to  the 
movable  signal  arm  97  on  which  it  acts  but  is  "loose" 

20  within  the  assembly.  It  is  however,  constrained  by 
side  supports  (not  shown)  in  the  top  and  bottom  of  the 
regulator  casing.  Thus,  the  cam  follower  is  slidable  in 
the  left-right  direction  as  shown  in  Figure  1.  The  third 
cam  follower  has  an  upper  stepped  profile  1  01  and  a 

25  lower  stepped  profile  103  which  is  configured  to  lo- 
cate  within  upper,  lower  and  side  supports. 

Figures  7-9  shows  typical  circuit  diagrams  and 
a  regulator  scale  for  using  an  energy  regulator  ac- 
cording  to  the  present  invention  in  a  domestic  appli- 

30  ance  such  as  an  electric  cooker,  adapted  for  the  UK 
market. 

In  Figures  7  and  8,  and  also  in  Figures  10  and  11 
to  be  described  in  more  detail  hereinbelow,  as  in  Fig- 
ure  1  reference  numeral  5  denotes  the  bimetal  ele- 

35  ment  and  numeral  11  denotes  the  ceramic  substrate 
thick  film  heater.  Again  also,  numerals  2  and  4  re- 
spectively  indicate  the  switch  contacts  which  are 
opened  or  closed  in  accordance  with  deflection  of  this 
bimetal  element.  Moreover,  in  each  of  Figures  7,  8,  10 

40  and  11,  numeral  110  denotes  a  load,  in  this  case  an 
electrical  heating  ring  of  the  cooker,  and  numeral  113 
denotes  the  main  electricity  supply. 

In  the  arrangement  of  Figure  7,  the  main  supply 
113,  the  load  110  and  the  regulator  switch  contacts 

45  are  all  in  series.  No  other  switching  is  effected.  The 
arrangement  shown  in  Figure  8  is  the  same  as  that  of 
Figure  7,  except  that  a  further  switch  element  115 
comprising  a  pair  of  contacts  117,  119  is  provided. 
This  further  switch  element  1  1  5  is  connected  in  series 

so  between  the  main  supply  113  and  a  signal  lamp  121. 
The  contacts  117,  119  open  and  close  in  response  to 
a  relevant  secondary  cam  acting  upon  actuator  arm 
123  connected  to  the  movable  contact  4  of  the  pair. 
This  can  be  arranged,  for  example  to  switch  the  signal 

55  lamp  on  as  soon  as  the  regulator  knob  (attached  to 
the  respective  cams  mounted  on  a  common  shaft)  is 
moved  from  the  off  position. 

As  shown  in  Figure  9,  a  typical  scale  could  com- 
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prise  a  (vertical)  off  position  125,  low  power  being  ar- 
ranged  to  energise  the  load  at  (say)  75°  movement 
clockwise,  full  power  being  achieved  at  285°  in  the 
clockwise  direction. 

Figures  10  to  12  show  circuit  diagram  and  scale 
arrangements  of  a  regulator  according  to  the  present 
invention,  suitable  for  use  in  a  domestic  appliance  in- 
tended  for  the  continental  European  market. 

As  shown  in  Figure  10,  as  with  the  arrangement 
of  Figure  8,  there  is  a  further  switch  115  with  contacts 
117,  119  in  addition  to  and  switchable  independently 
of  the  contacts  27,  31  of  the  switch  actuated  by  the 
bimetal  element  5.  Here  though,  the  further  switch 
115  is  in  series  with  the  load  110  and  the  switch  con- 
tacts  27,  31  ,  across  the  main  supply. 

Figure  12  shows  the  scale  of  the  regulator.  Imme- 
diately  rotating  the  spindle  of  the  control  from  the 
vertical  'OFF'  position  125,  causes  the  contacts  117, 
119  to  close.  Further  rotation  will  close  contacts  27 
and  31  and  energise  the  bimetal  heater  circuit  in  ac- 
cordance  with  operation  of  an  appropriate  cam.  Then, 
at  51  .5°  clockwise,  the  main  cam  pre-sets  the  bimetal 
assembly  to  power  the  load  at  the  "low"  level  in  accor- 
dance  with  opening  and  closing  of  the  contacts  27, 
31.  Full  power  is  achieved  at  the  308.5°  clockwise 
position. 

The  arrangement  of  Figure  11  is  the  same  as  that 
of  Figure  10  except  that  a  further  switch  element  is 
provided.  Thus,  the  arrangement  is  that  shown  in  Fig- 
ure  1  and  the  same  reference  numerals  are  used  for 
the  switch  contacts  as  in  the  latter  drawing.  The 
switch  contacts  77,  79  are  connected  in  the  same  way 
as  contacts  117,  119  in  the  arrangement  of  Figure  10 
and  therefore  operate  in  the  same  way.  However,  the 
other  pair  of  contacts  75  are  in  series  between  the 
mains  supply  113  and  a  signal  lamp  121  which  can  be 
switched  independently  of  the  isolation  contacts  77, 
79  and  the  contacts  27,  31  operated  by  the  bimetal 
element  5.  In  other  words,  the  cam  follower  91  oper- 
ates  movable  contact  arm  97  and  operates  third 
switch  75  in  accordance  with  its  own  cam  arranged  on 
the  common  shaft. 

In  the  light  of  this  disclosure,  modification  of  the 
described  embodiment,  as  well  as  other  embodi- 
ments,  all  within  the  scope  of  the  present  invention  as 
defined  by  the  appended  claims,  will  now  become  ap- 
parent  to  persons  skilled  in  this  art. 

Claims 

1.  An  energy  regulator  comprising  a  bimetal  ele- 
ment  comprising  a  primary  limb  responsive  to  a 
heating  element  and  a  compensator  limb  for  com- 
pensating  for  the  effects  of  ambient  temperature 
fluctuation,  wherein  the  primary  and  compensa- 
tor  limbs  are  formed  from  the  same  piece  of  bi- 
metal  and  the  bimetal  element  is  mounted  on  a 

flexible  pivot  member. 

2.  An  energy  regulator  according  to  claim  1,  wherein 
said  flexible  pivot  member  is  in  the  form  of  a 

5  spring. 

3.  An  energy  regulator  according  to  claim  2,  wherein 
the  spring  is  in  the  form  of  a  leaf  spring. 

10  4.  An  energy  regulator  according  to  claim  any  pre- 
ceding  claim,  wherein  the  primary  and  compen- 
sator  limbs  are  integral. 

5.  An  energy  regulator  according  to  claim  4,  wherein 
15  the  primary  and  compensator  limbs  are  formed 

by  splitting  a  bimetal  strip  lengthways  from  one 
end  along  part  of  its  length. 

6.  An  energy  regulator  according  to  claim  5,  wherein 
20  the  bimetal  strip  is  supported  on  the  flexible  pivot 

member  at  its  unsplit  end. 

7.  An  energy  regulator  according  to  any  preceding 
claim,  wherein  the  primary  and  compensator 

25  limbs  are  approximately  at  right  angles  or  other- 
wise  in  a  mutual  V  configuration. 

8.  An  energy  regulator  according  to  any  preceding 
claim,  wherein  the  compensator  limb  terminates 

30  in  a  cam  follower  arranged  to  bear  upon  a  cam 
surface. 

9.  An  energy  regulator  according  to  claim  8,  wherein 
the  cam  follower  is  integral  with  and  formed  of 

35  part  of  an  end  of  the  compensator  limb. 

10.  An  energy  regulator  according  to  claim  8  or  claim 
9,  wherein  the  cam  surface  is  constituted  by  a 
periphery  of  a  cam  element  attached  to  a  user 

40  control  knob  or  device. 

11.  An  energy  regulator  according  to  any  preceding 
claim,  wherein  deflection  of  the  primary  limb  in 
response  to  the  heating  element  is  arranged  to 

45  make  or  break  an  electrical  connection. 

12.  An  energy  regulator  comprising  a  bimetal  ele- 
ment  and  a  heating  element  for  heating  the  bime- 
tal  element  such  that  deflection  of  the  bimetal 

so  element  effects  a  switching  action,  the  power  lev- 
el  of  the  heating  element  at  which  the  bimetal  ele- 
ment  effects  switching  being  determined  by  the 
position  of  a  first  cam  surface  upon  which  a  first 
cam  follower  bears,  the  first  cam  follower  being 

55  mechanically  linked  to  said  bimetal  element,  a 
second  cam  surface  being  mechanically  linked  to 
said  first  cam  surface  and  a  second  cam  follower 
being  arranged  to  bear  upon  said  second  cam 
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surface  to  effect  a  first  independent  switching 
function  at  one  or  more  predetermined  regulator 
settings,  wherein  a  third  cam  surface  is  also  pro- 
vided,  mechanically  linked  to  said  first  and  sec- 
ond  cam  surfaces  and  upon  which  a  third  cam  fol-  5 
lower  bears  for  effecting  a  further  independent 
switching  function  at  one  or  more  predetermined 
regulator  settings. 

13.  An  energy  regulator  according  to  claim  12,  10 
wherein  said  first,  second  and  third  cam  surfaces 
are  respectively  formed  on  first,  second  and  third 
rotary  cam  elements. 

14.  An  energy  regulator  according  to  claim  13,  15 
wherein  said  first,  second  and  third  rotary  cam 
elements  are  mounted  on  a  common  shaft. 

15.  An  energy  regulator  according  to  claim  13  or 
claim  14,  wherein  said  first,  second  and  third  ro-  20 
tary  cam  elements  are  formed  integral  with  each 
other. 

16.  An  energy  regulator  according  to  any  of  claims 
12-1  5,  comprising  a  switch  element  for  being  ac-  25 
tuated  by  said  third  cam  follower,  wherein  said 
switch  element  is  not  fixed  to  said  third  cam  fol- 
lower. 

17.  An  energy  regulator  according  to  any  of  claims  30 
12-16  wherein  support  means  is  provided  in 
which  said  third  cam  follower  rests. 

1  8.  An  energy  regulator  according  to  claim  1  7,  which 
regulator  comprises  a  case  and  said  support  35 
means  is  moulded  as  part  of  the  case. 

19.  An  energy  regulator  according  to  any  preceding 
claim  comprising  a  heating  element  in  the  form  of 
a  ceramic  substrate  thick  film  heater.  40 

20.  An  energy  regulator  according  to  claim  19, 
wherein  said  ceramic  substrate  thick  film  heater 
is  a  ceramic  substrate  thick  film  heater  compris- 
ing  a  resistor  track  in  electrical  contact  with  a  con-  45 
ductor  pad  and  an  electrical  lead  making  electri- 
cal  connection  to  said  conductor  pad,  whereby 
the  lead  is  ultrasonically  welded  to  the  conductor 
pad. 
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