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Description 

This  invention  relates  to  a  power  control  circuit 
comprising  a  first  dimmer  having  first  and  second 
main  terminals  and  a  control  terminal  for  controlling 
the  output  of  said  first  dimmer  in  response  to  control 
input  signals  applied  to  said  control  terminal,  a  sec- 
ond  phase  controlled  dimmer  having  first  and  second 
main  terminals  and  a  second  control  electrode,  said 
second  dimmer  including  variable  phase  control  cir- 
cuit  means  connected  to  said  second  dimmer  control 
electrode  for  controlling  the  output  voltage  of  said 
second  main  terminal  of  said  second  dimmer  to  pro- 
duce  a  phase  controlled  waveform,  and  an  interface 
circuit  having  an  input  terminal  connected  to  the  sec- 
ond  main  terminal  of  said  second  dimmer  and  an  out- 
put  terminal  connected  to  said  control  terminal  of  said 
first  dimmer. 

A  power  control  circuit  of  this  type  is  shown  in  the 
GB-A  1  092  509.  With  this  known  power  control  cir- 
cuit,  the  second  dimmer  is  connected  to  a  load  com- 
prising  the  series  connection  of  an  incandescent  lamp 
and  the  primary  winding  of  a  transformer  forming  the 
interface  circuit.  A  transformer  is  provided  with  sec- 
ondary  windings  providing  control  signals  to  the  con- 
trol  terminal  of  at  least  one  first  dimmer,  so  that  the 
output  voltage  wafeform  of  the  second  dimmer  also  is 
reproduced  at  the  control  terminals  of  the  first  dimmer 
or  first  dimmers.  The  first  dimmer  therefore  must  be 
of  a  type  directly  controllable  by  the  output  waveform 
of  the  second  dimmer. 

Phase  control  circuits  are  well  known  and  are 
commonly  used  to  vary  the  electrical  power  applied 
to  a  load.  For  example,  phase  control  circuits  are 
commonly  used  to  control  the  speed  of  a  motor  or  the 
light  output  of  a  lighting  load.  Phase  control  circuits 
commonly  employ  a  thyristor  such  as  a  silicon  con- 
trolled  rectifier  or  triac  as  the  switching  device.  Gate 
turn  off  devices,  bipolar  and  MOSFET  transistors  can 
also  be  used.  Such  devices  are  hereinafter  termed 
"controllably  conductive  devices."  The  gate  or  control 
circuit  of  these  devices  is  constructed  with  electrical 
components  and  operates  to  cause  the  controllably 
conductive  device  to  fire  or  become  conductive  at 
some  adjustable  time  after  each  zero  crossing  of  the 
applied  power,  usually  derived  from  an  a-c  source. 
Consequently,  voltage  is  applied  to  the  load  in  series 
with  the  controllably  conductive  device  after  a  time 
delay  from  each  zero  crossing.  The  power  applied  to 
the  load  is  reduced  by  an  amount  related  to  this  phase 
delay.  By  varying  the  time  at  which  voltage  is  applied 
to  the  load,  following  a  zero  voltage  crossing,  one  con- 
trols  the  brightness  of  lights  or  the  speed  of  a  motor, 
or  the  like. 

Phase  control  circuits  commonly  employ  an  ad- 
justable  time  delay  input  circuit,  consisting  of  a  resis- 
tor  and  capacitor.  The  time  delay  input  circuit  is  then 
commonly  connected  to  a  suitable  breakover  device 

such  as  a  diac  which  becomes  conductive  when  the 
voltage  across  the  capacitor  in  the  time  delay  input 
RC  circuit  reaches  a  given  value.  Upon  breakover  of 
the  diac,  at  a  controlled  time  delay  after  the  zero  vol- 

5  tage  crossing  of  the  input  voltage  to  the  time  delay  cir- 
cuit,  a  current  is  injected  into  the  control  lead  of  the 
controllably  conductive  device  causing  it  to  become 
conductive.  By  making  the  resistor  in  the  input  RC  cir- 
cuit  adjustable,  one  can  adjust  the  time  (or  phase  an- 

10  gle)  following  a  zero  crossing  of  the  input  voltage  that 
a  firing  signal  is  produced  to  cause  the  controllably 
conductive  device  to  become  conductive. 

It  is  also  common  in  phase  control  circuits,  par- 
ticularly  those  associated  with  incandescent  orfluor- 

15  escent  light  dimming,  to  apply  numerous  adjustments 
on  the  phase  angle  at  which  the  controllably  conduc- 
tive  device  is  fired  in  any  half  cycle.  This  may  be  done 
to  compensate  for  changes  in  line  voltage  so  that  such 
changes  do  not  affect  the  output  of  the  circuit;  to  ad- 

20  just  the  "high  end  trim"  (maximum  light  output)  and/or 
"low  end  trim"  (minimum  light  output)  of  the  dimmer; 
to  turn  on  the  dimmer  (or  a  motor)  with  "soft  start"  in 
which  a  dimmer  is  progressively  turned  on  to  a  given 
light  intensity  by  gradually  decreasing  the  phase  an- 

25  gle  from  a  maximum  value  over  a  given  period  of  time 
or  number  of  half  cycles;  or  to  provide  "fade  control" 
so  that  the  light  intensity  changes  at  some  particular 
rate  when  the  dimmer  control  is  changed  from  one 
value  to  another,  thereby  to  avoid  otherwise  annoying 

30  rapid  changes  in  light  level. 
When  a  large  number  of  dimmers  are  provided  for 

a  dimming  system,  such  as  that  of  the  type  shown  in 
Patent  No.  US-A-4,575,660,  each  dimmer  of  the  sys- 
tem  may  have  a  full  set  of  signal  treating  or  compen- 

35  sating  components.  This  increases  the  volume  re- 
quired  for  the  dimmer  and  further  increases  the  cost 
of  the  system.  There  are  also  many  systems  in  which 
a  large  number  of  dimmers  are  to  be  operated  identi- 
cally  but  each  still  requires  its  full  set  of  adjustment 

40  members  and  controls.  Consequently,  it  is  difficult  to 
assemble  such  dimmers  in  a  small  volume  and  they 
usually  must  be  assembled  in  an  electrical  cabinet 
which  is  remote  from  the  respective  control  members 
which  are  usually  located  conveniently  in  a  wall  box 

45  mounting.  Thus,  where  high  power  dimmers,  for  ex- 
ample  dimmers  rated  at  2,400  or  3,600  watts,  are  re- 
quired  for  a  lighting  system,  it  is  usually  necessary  to 
separate  the  control  devices  and  the  controllably  con- 
ductive  device  since  the  controllably  conductive  de- 

50  vice  must  be  mounted  on  a  relatively  large  heat  sink. 
Thus,  the  entire  assembly  cannot  be  conveniently  lo- 
cated  in  a  wall  box  along  with  the  manual  controls,  but 
must  be  remotely  mounted.  By  contrast,  the  entire 
contents  of  dimmers  rated  at  up  to  2,000  watts  can 

55  be  mounted  within  a  single  back  box  which  can  in  turn 
be  mounted  within  a  suitable  wall  box. 

It  is  known  to  have  a  positive  disconnect  switch 
means  in  series  with  a  voltage  control  device  such  as 
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a  dimmer  where  the  disconnect  is  positively  open 
when  the  dimmer  control  is  operated  to  a  position  at 
which  the  lights  are  off  or  dimmed  to  a  minimum  val- 
ue.  The  positive  disconnect  prevents  the  hazard  of 
working  on  a  load  circuit  in  the  mistaken  belief  that 
lights  dimmed  to  a  minimum  are  in  fact  positively  dis- 
connected  from  the  power  source.  Such  disconnects 
commonly  are  operated  when  a  dimmer  control 
reaches  one  end  of  its  travel  or  when  a  separate  tog- 
gle  is  operated.  Thus,  some  positive  action  is  required 
of  the  person  operating  the  dimmer  control  element, 
whether  a  toggle  handle  or  slide  handle  or  the  like,  in 
order  to  obtain  the  opening  of  the  main  disconnect 
switch.  If  this  is  not  done  but  the  lights  are  dimmed  to 
a  minimum  value,  one  might  be  misled  to  think  the  dis- 
connect  is  open. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 

In  accordance  with  one  embodiment  of  the  pres- 
ent  invention,  a  novel  control  circuit  is  provided  for  a 
power  control  circuit  such  as  a  light  dimmer  wherein 
the  power  control  circuit  has  a  fixed  (nonadjustable) 
input  circuit  connected  to  the  control  electrode  of  the 
controllably  conductive  device.  Acontrol  signal  which 
is  generated  remotely  from  the  power  control  circuit 
is  applied  to  the  fixed  input  circuit  and  has  a  phase 
controlled  waveform  for  producing  the  desired  output 
from  the  power  control  circuit.  Thus,  a  waveform  hav- 
ing  a  delayed  sharply  rising  voltage  at  some  given  but 
adjustable  instant  in  an  input  voltage  waveform  is  di- 
rectly  applied  to  the  control  electrode  of  a  controllably 
conductive  device  such  as  a  triac,  through  a  fixed  in- 
put  circuit. 

Any  means  desired  can  be  used  for  generating 
the  phase  controlled  waveform  which  is  used  for  con- 
trolling  the  controllably  conductive  device  of  the  pow- 
er  control  circuit.  By  way  of  example,  a  relatively  low 
power  phase  controlled  dimmer  or  the  like  can  be 
equipped  with  conventional  phase  control  circuitry 
and  manual  controls  therefor  to  produce  a  phase  con- 
trolled  output  waveform  at  its  main  electrodes.  This 
output  waveform  can  then  be  applied  to  the  fixed  in- 
put  circuit  of  the  power  control  circuit.  The  same 
phase  controlled  waveform  can  drive  the  control  elec- 
trodes  of  a  plurality  of  individual  power  control  circuits 
on  the  same  phase. 

Each  of  the  power  control  circuits  receiving  the 
output  waveform  can,  if  desired,  be  of  a  power  rating 
greater  than  that  of  the  control  signal  generator.  Con- 
sequently,  a  power  amplification  or  boosting  effect  is 
obtained  employing  the  novel  invention. 

The  phase  controlled  signal  generator  producing 
the  phase  controlled  output  waveform  may  also  have 
associated  therewith  all  desired  signal  conditioning 
circuits,  such  as  those  for  producing  voltage  compen- 
sation,  high  and  low  end  trim  or  fade  control  and  any 
other  signal  conditioning  which  is  desired.  The  out- 

puts  of  the  plurality  of  power  control  circuits  will  have 
substantially  the  same  waveform  as  the  output  wave- 
form  from  the  phase  controlled  signal  generator. 
Therefore,  their  outputs  contain  the  necessary  com- 

5  pensations  which  were  built  into  their  input  signal. 
The  phase  controlled  signal  waveform  may  be 

produced  in  a  relatively  small  unit,  for  example  a  600 
watt  dimmer  of  the  type  manufactured  under  the 
Trademarks  NOVA,  SKYLARK  or  D-600,  all  of  which 

10  are  sold  by  Lutron  Electronics  Co.,  Inc.,  the  assignee 
of  the  present  invention.  Thus,  these  standard  units 
will  produce  a  phase  shifted  output  signal  into  an  ar- 
tificial  load  to  produce  the  desired  waveform  having 
any  number  of  desired  voltage  waveform  compensa- 

15  tions.  This  output  waveform  is  then  applied  to  the 
fixed  input  circuits  of  other  dimmers  which  may  be  of 
higher  power  rating  than  the  small  control  dimmer 
and  could,  for  example,  be  2,400  or  3,600  watt  units. 

Alternatively,  the  phase  controlled  signal  wave- 
20  form  may  be  obtained  by  using  the  output  from  one 

of  the  zones  of  a  multizone  wall  box  dimming  system. 
This  enables  one  or  more  loads  of  a  capacity  greater 
than  that  which  the  wall  box  dimming  system  can 
alone  handle,  to  be  controlled  by  the  wall  box  dim- 

25  ming  system. 
As  a  further  feature  of  the  invention,  and  one 

which  could  be  employed  in  any  dimmer  control  cir- 
cuit,  a  relay  contact  is  connected  in  series  with  the 
main  electrodes  of  a  controllably  conductive  device. 

30  A  relay  coil  for  operating  this  contact  is  deenergized 
in  response  to  the  reduction  of  the  input  signal  to  the 
control  electrode  to  a  value  below  some  predeter- 
mined  value.  Thus,  when  the  dimmer  or  voltage  con- 
trol  device  is,  for  practical  purposes,  turned  off  by  be- 

35  ing  dimmed  to  a  minimum  value,  the  relay  coil  energ- 
ization  is  changed  so  that  its  contact  opens.  The  relay 
preferably  has  a  normally  open  contact  and  its  coil  is 
made  to  carry  current  to  cause  closure  of  the  contact 
whenever  a  gate  signal  is  generated  which  turns  on 

40  the  controllably  conductive  device  for  a  minimum  per- 
iod  of  time  in  each  half-cycle  of  the  input  a-c  wave- 
form.  When  the  gate  signal  is  present  for  less  than  a 
minimum  period  of  time,  the  coil  is  deenergized  and 
the  relay  contact  opens.  Preferably,  but  not  necessar- 

45  ily,  the  input  signal  for  operating  a  dimmer  employing 
the  relay  control  circuit  is  a  signal  having  a  phase  de- 
layed  or  phase  controlled  shape,  created  by  a  sepa- 
rate  phase  control  signal  generator. 

In  an  alternate  embodiment  of  the  present  inven- 
50  tion,  a  novel  interface  circuit  is  provided  for  a  power 

control  module  such  as  a  high  frequency  fluorescent 
dimming  ballast,  a  mercury  vapor  lamp  dimming  sys- 
tem,  etc. 

The  input  of  the  interface  circuit  is  connected  to 
55  a  remotely  generated  phase  controlled  waveform. 

The  outputs  of  the  interface  circuit  are  a  variable  fre- 
quency  pulse  width  modulated,  variable  voltage,  or 
other  variable  signal  as  required  by  the  input  circuit  of 
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the  power  control  module  under  control;  and  aswitch- 
ed  hot  output  which  either  provides  source  voltage  to 
or  removes  source  voltage  from  the  power  control 
module  depending  on  the  phase  delay  of  the  phase 
controlled  waveform  applied  to  the  input  of  the  inter- 
face  circuit. 

As  described  above,  the  phase  controlled  signal 
waveform  may  be  produced  by  using  a  600W  dimmer 
such  as  D-600  (previously  referred  to)  or  by  using  the 
output  from  one  of  the  zones  of  a  multizone  wall  box 
dimming  system.  Additionally,  the  switched  hot  output 
can  be  controlled  such  that  the  source  voltage  is  re- 
moved  from  the  power  control  module  whenever  the 
phase  delay  of  the  remotely  generated  phase  control 
waveform  is  such  that  the  input  signal  to  the  interface 
circuit  is  present  for  less  than  a  minimum  period  of 
time  in  each  half  cycle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  block  diagram  of  a  combined 
high  powered  dimmer  and  control  dimmer  therefor  in- 
terconnected  in  accordance  with  the  present  inven- 
tion. 

Fig.  2  is  a  block  diagram  similar  to  Fig.  1  with  the 
functional  blocks  shown  in  more  detail. 

Fig.  3  is  a  front  elevation  view  of  a  NOVA  brand 
dimmer  product  which  could  be  employed  as  the  con- 
trol  dimmer  in  Figs.  1  and  2. 

Fig.  4  is  a  side  view  of  Fig.  3. 
Fig.  5  is  a  front  elevation  view  of  a  CENTURION 

brand  dimmer  product  which  could  be  employed  as 
the  control  dimmer  in  Figs.  1  and  2. 

Fig.  6  is  a  side  view  of  Fig.  5. 
Fig.  7  is  a  circuit  diagram  of  any  of  the  dimmers 

of  Figs.  3-6. 
Fig.  8  shows  the  voltage  waveform  of  the  input 

voltage  wave  shape  for  the  dimmers  of  Figs.  3-7. 
Fig.  9  is  a  diagram  of  the  phase  controlled  output 

wave  shape  produced  by  the  dimmers  of  Figs.  3-7. 
Fig.  10  is  a  detailed  circuit  diagram  of  a  preferred 

embodiment  of  the  circuit  of  the  present  invention 
which  is  operated  from  an  externally  generated  input 
signal  having  a  phase  controlled  wave  shape. 

Fig.  11  is  a  schematic  block  diagram  of  a  com- 
bined  interface  circuit  and  control  dimmer  therefor  in- 
terconnected  in  accordance  with  an  alternative  em- 
bodiment  of  the  present  invention. 

Fig.  12  is  a  detailed  circuit  diagram  of  a  circuit  em- 
ploying  the  features  of  the  block  diagram  of  Fig.  11. 

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

Referring  first  to  Fig.  1  ,  there  is  shown  a  block  di- 
agram  of  the  circuit  and  system  of  the  invention 
shown  with  reference  to  a  lamp  dimming  structure.  It 
will  be  understood  that  the  invention  is  applicable  to 
any  phase  control  application,  including  motor  speed 

control,  incandescent  and  gas  discharge  lamp  control 
and  the  like. 

Fig.  1  illustrates  a  "high  power"  dimmer  10  which 
can  be  any  desired  lamp  dimmer  structure  employing 

5  a  controllably  conductive  device,  for  example  a  triac 
or  silicon  controlled  rectifiers  connected  in  anti- 
parallel.  The  term  "high  power"  refers  to  dimmers 
which  are  rated  at  about  2000  watts  or  greater  and  is 
not  intended  to  be  limiting.  It  is  convenient  to  term  it 

10  "high  power"  since  the  control  dimmer  later  described 
may,  but  need  not,  have  a  lower  power  rating. 

The  high  power  dimmer  10  has  an  input  circuit, 
which  will  be  shown  in  more  detail  with  reference  to 
Fig.  1  0,  forenabling  the  connection  of  a  control  signal 

15  having  a  previously  shaped  phase  control  wave 
shape  to  its  control  terminal  11.  Dimmer  10  is  con- 
nected  in  an  a-c  line  which  extends  from  a  "hot"  a-c 
terminal  14  to  an  output  load  terminal  15  sometimes 
termed  a  "dimmed  hot"  output  terminal.  An  a-c  neutral 

20  terminal  16  is  provided  which  is  shown,  for  conve- 
nience,  as  connected  to  the  neutral  load  terminal  17. 
In  practice,  usually  only  the  single  terminal  16  is  avail- 
able  for  connection. 

A  relay  contact  1  8  is  connected  between  load  ter- 
25  minal  15  and  high  power  dimmer  circuitry  100.  As  will 

be  later  described,  when  the  input  signal  on  the  con- 
trol  terminal  11  is  lower  than  some  given  value,  the 
contact  18  opens,  thereby  positively  disconnecting 
the  load  from  the  hot  terminal  14. 

30  Dimmer  10  can  be  any  type  of  electrical  dimmer 
and  can  have  any  power  rating.  By  appropriate  selec- 
tion  of  the  controllably  conductive  device  included  in 
high  power  dimmer  circuitry  100  and  its  heat  sink, 
dimmer  10  can  control  loads  as  high  as  3,600  watts. 

35  Obviously,  higher  or  lower  wattage  loads  could  also 
be  controlled  by  dimmer  10. 

Fig.  1  nextshowsacontroldimmer20which  gen- 
erates  a  phase  controlled  signal  externally  of  dimmer 
10  in  order  to  control  dimmer  10  in  a  phase  controlled 

40  manner.  Thus,  the  output  of  the  control  dimmer  20  ap- 
plies  a  phase  controlled  waveform  directly  to  the  con- 
trol  input  terminal  11  of  the  high  power  dimmer  10. 
Control  dimmer  20  may  be  any  conventional  commer- 
cially-available  dimmer  such  as  the  NOVAbrand  dim- 

45  mer  sold  by  Lutron  Electronics  Co.,  Inc.,  shown  in 
Figs.  3  and  4,  or  the  CENTURION  brand  dimmer 
shown  in  Figs.  5  and  6.  These  dimmers  produce  a 
phase  controlled  output  wave  shape  at  their  main 
power  electrodes  which  is  controlled  byaconvention- 

50  al  internal  gate  control  circuit. 
Referring  to  Figs.  3  and  4,  the  NOVA  brand  dim- 

mer  is  a  wall  box  mounted  dimmer  having  a  slide  con- 
trol  30.  A  back  box  31  which  fits  into  a  suitable  wall 
box  mount,  and  a  pair  of  a-c  power  leads  32  and  33. 

55  Lead  32  is  the  hot  lead  shown  in  Fig.  1  while  lead  33 
is  the  dimmed  hot  lead  of  Fig.  1.  A  load  connected  be- 
tween  the  dimmed  hot  lead  and  neutral  sees  a  vol- 
tage  having  a  phase  delayed  wave  shape  for  each 

4 
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half-cycle.  The  phase  delay  is  adjusted  by  adjusting 
slide  30  in  Figs.  3  and  4.  Slide  30  operates  a  linear  po- 
tentiometer  34  (Fig.  1)  contained  within  back  box  31  . 
Vertical  motion  of  the  slide  30  changes  the  delay  an- 
gle  of  the  firing  signal  applied  to  the  control  electrode 
of  the  triac  in  the  control  dimmer  circuitry  200  of  the 
control  dimmer  20.  Conventionally,  a  disconnect  con- 
tact  35  (Fig.  1)  is  coupled  to  the  adjustable  resistor  34 
so  that  when  slide  30  is  adjusted  such  that  the  dim- 
ming  level  reaches  a  minimum  value,  the  contact  35 
is  opened  to  produce  a  positive  disconnect. 

The  control  dimmer  20  can  also  be  the  CENTUR- 
ION  brand  dimmer,  shown  in  Figs.  5  and  6  and  em- 
ploying  a  rotary  control  40  in  place  of  the  slide  control 
30  of  Figs.  3  and  4.  In  all  other  respects,  the  control 
dimmer  20  operates  identically  for  purposes  of  the 
present  invention,  whether  it  is  a  slide  device,  rotary 
device,  touch  control  device,  or  momentary  contact- 
actuated  device. 

It  is  to  be  specifically  noted  that  the  generation  of 
a  control  signal  is  not  necessarily  dependent  upon  the 
use  of  a  commercially  available  control  dimmer.  Any 
electrical  synthesizing  circuit  can  be  employed  to  pro- 
duce  a  voltage  having  a  phase  controlled  wave  shape 
which  is  desired  for  application  to  the  control  input  ter- 
minal  1  1  of  high  power  dimmer  1  0  in  order  to  obtain  a 
particular  control  on  the  power  applied  to  the  load 
connected  to  terminals  15  and  17. 

The  use  of  an  "externally"  generated  input  phase 
controlled  signal  for  the  input  circuit  of  an  existing 
dimmer  is  novel.  Power  dimmers  of  the  prior  art  have 
their  own  variable  internal  phase  delay  firing  circuit  in 
order  to  turn  on  their  controllably  conductive  device 
with  adjustable  controlled  delay  following  a  zero 
crossover  in  any  half  wave.  In  accordance  with  the 
present  invention,  this  phase  controlled  signal  is  cre- 
ated  independently  of  (or  remotely  of)  the  high  power 
dimmer  being  controlled. 

Also  shown  in  Fig.  1  is  an  additional  slaved  high 
powered  dimmer  1  0'  which  is  driven  from  control  dim- 
mer  20.  This  second  high  power  dimmer  10'  can  be 
identical  to  the  high  power  dimmer  10  and  can  supply 
energy  in  a  controlled  manner  to  a  respective  load. 

The  invention  produces  considerable  simplicity 
in  the  structure  of  the  high  power  dimmer  10  and 
other  slaved  units  since  they  can  all  be  controlled 
from  a  single  exteriorly  produced  and  shaped  phase 
controlled  signal  on  the  line  33  of  Fig.  1  as  will  be  later 
described  The  high  power  dimmer  10  is  provided  with 
its  own  safety  disconnect  switch  18  which  automati- 
cally  opens  when  the  phase  controlled  signal  on  line 
33  is  removed,  thus  insuring  safety  to  maintenance 
personnel  or  others  working  on  the  load  connected 
between  terminals  15  and  17  in  the  belief  that  the  load 
is  deenergized  when  infactthe  high  powerdimmerlO 
is  dimmed  low  but  is  not  disconnected  from  the  load. 
This  is  described  later  in  more  detail. 

The  high  power  dimmer  10  and  control  dimmer 

20  of  Fig.  1  are  illustrated  in  more  detail  in  Fig.  2. 
Components  in  Fig.  2  which  are  identical  to  those  in 
Fig.  1  have  the  same  identifying  numeral.  A  power 
semiconductor  39  is  shown  in  Fig.  2  as  a  device  such 

5  as  a  triac  having  power  leads  12  and  1  3  connected  to 
its  main  power  electrodes  and  lead  111  connected  to 
its  gate  electrode. 

The  high  power  dimmer  10  of  Fig.  2  contains  an 
RF  filter  40,  and  a  d-c  power  supply  41.  Power  supply 

10  41  provides  the  d-c  supply  for  control  signal  sensor  19 
and  relay  control  circuit  42.  Control  signal  sensor  19 
is  coupled  to  relay  control  circuit  42  which  contains  a 
relay  coil  control  circuit  for  energizing  and  deenergiz- 
ing  the  relay  coil  which  operates  the  relay  contacts 

15  18.  It  will  be  noted  that  relay  contacts  18  may  be  of 
any  variety,  but  preferably  are  normally  open  con- 
tacts  which  are  held  closed  only  when  the  relay  coil 
is  energized,  which  occurs  only  when  there  is  an  out- 
put  signal  from  the  control  signal  sensor  19. 

20  High  power  dimmer  10  further  includes  control 
dimmer  load  36  and  input  circuit  112.  Control  dimmer 
load  36  provides  a  load  for  control  dimmer20  and  also 
provides  an  isolated  input  for  control  signal  sensor  1  9. 
When  the  input  signal  applied  to  input  terminal  11  is 

25  lower  than  some  given  value,  this  is  reflected  in  the 
signal  applied  to  control  signal  sensor  19.  Control  sig- 
nal  sensor  19  detects  this  and  signals  relay  control 
circuit  42  to  deenergize  the  relay  coil  (not  shown), 
thus  opening  relay  contacts  18. 

30  Input  circuit  112  conditions  the  phase  control  sig- 
nal  applied  at  input  terminal  11  as  will  be  described  in 
more  detail  later,  with  reference  to  Fig.  10. 

Control  dimmer  20  in  Fig.  2  contains  various  sig- 
nal  shaping  or  signal  control  circuits  for  adjusting  or 

35  modifying  the  phase  controlled  output  signal  gener- 
ated  thereby.  Thus,  as  schematically  shown  in  Fig.  2, 
high  end  trim  circuits  45,  voltage  compensation  cir- 
cuits  46,  fade  control  circuits  47  and  soft  start  circuits 
48  can  all  be  contained  within  the  control  dimmer  20. 

40  Since  it  is  a  relatively  low  power  dimmer,  all  of  the 
shaping  and  control  circuitry  can  be  contained  within 
the  conventional  back  box  31  of  Figs.  4  and  6. 

A  typical  circuit  for  the  control  dimmer  20  is 
shown  in  Fig.  7.  Components  similar  to  those  of  the 

45  preceding  figures  have  the  same  identifying  numer- 
als.  Lines  32  and  33  are  the  main  power  lines  with  the 
disconnect  switch  35  connected  in  the  line  33.  The  cir- 
cuit  contains  an  RF  filter  consisting  of  choke  50  and 
capacitor  51  .  The  main  controllably  conductive  de- 

50  vice  of  the  control  dimmer  20  consists  of  triac  52.  The 
triac  52  has  a  pair  of  main  terminals  132  and  133  and 
a  control  terminal.  Acontrol  circuit  is  connected  to  the 
triac  control  terminal  and  contains  a  relatively  low  vol- 
tage  breakover  device  shown  as  the  diac  53.  A  time 

55  delay  circuit  consisting  of  adjustable  resistor  34,  a 
parallel  connected  fixed  resistor  54  and  capacitor  55 
are  provided  in  the  usual  fashion.  A  voltage  divider 
consisting  of  resistor  56  and  high  voltage  diac  57  cou- 

5 
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pie  an  input  voltage  to  the  time  delay  circuit.  Resistor 
54  is  selected  to  accomplish  a  desired  low  end  trim 
function. 

The  circuit  operates  such  that  adjustable  resistor 
34  and  capacitor  55  form  a  variable  time  delay  circuit 
for  providing  a  voltage  across  the  circuit  including  diac 
53  and  the  gate  and  main  lead  133  of  the  triac  52. 
Once  this  voltage  has  risen  to  the  breakover  voltage 
of  the  diac  53,  diac  53  conducts  and  the  triac  52  fires. 
The  time  at  which  the  firing  of  triac  52  occurs  in  any 
half-cycle  is  controlled  by  varying  the  adjustable  re- 
sistor  34  which  sets  the  amount  of  phase  delay  or  fir- 
ing  angle  of  the  circuit. 

In  accordance  with  the  invention,  the  dimmed  hot 
output  lead  33  is  connected  to  a  loading  resistor  60  in 
high  power  dimmer  10  as  shown  in  Fig.  10,  which  is 
sized  to  dissipate  power  greater  than  the  minimum 
wattage  required  by  control  dimmer  20.  The  loading 
resistor  60  corresponds  to  the  control  dimmer  load  36 
of  Fig.  2.  The  phase  controlled  voltage  across  resistor 
60  represents  an  externally  and  remotely  produced 
phase  controlled  signal  applied  to  the  input  of  a  high 
power  phase  control-operated  power  circuit.  If  the 
control  dimmer  has  a  constant  gate  drive,  loading  re- 
sistor  60  may  be  a  2  watt  resistor,  having  a  value  of 
about  15,000  ohms.  In  those  circumstances  where 
the  control  dimmer  requires  a  minimum  load  of  about 
35  watts  or  more,  an  electronic  load  may  be  used  in- 
stead  of  loading  resistor  60  to  reduce  power  dissipa- 
tion  as  is  described  in  more  detail  hereinafter. 

Fig.  8  shows  the  voltage  waveform  of  the  a-c 
voltage  applied  between  terminals  14  and  16.  In  order 
to  generate  the  desired  phase  controlled  output  signal 
from  control  dimmer  20,  potentiometer  34  is  set  at  a 
value  to  cause  the  triac  52  to  conduct  at  a  predeter- 
mined  phase  delay  following  a  zero  voltage  crossing 
of  the  voltage  in  Fig.  8  and  at  times  t1,  t2,  t3  and 
t4  in  the  four  half-cycles  shown  in  Fig.  8.  As  a  result 
of  this  control,  the  voltage  appearing  across  resistor 
60  in  high  power  dimmer  10  will  have  the  phase  con- 
trolled  shape  characteristically  shown  in  Fig.  9.  The 
phase  controlled  signal  has  a  sharply  rising  waveform 
beginning  at  some  time  following  the  zero  crossing  of 
the  waveform  and  then  reducing  generally  sinusoidal- 
ly  to  zero. 

In  accordance  with  the  invention,  a  circuit  such  as 
that  of  Fig.  7  is  employed  to  produce  this  output  vol- 
tage  wave  shape  which  is  applied  to  the  control  input 
terminal  11  of  the  high  power  dimmer  10  in  Figs.  1  and 
2  in  order  to  cause  it  to  apply  an  output  voltage  to  an- 
other  load  with  a  voltage  wave  shape  closely  approx- 
imating  that  of  the  phase  controlled  input  signal  of 
Fig.  9. 

Fig.  1  0  shows  a  preferred  embodiment  of  the  cir- 
cuit  forthe  high  powerdimmerlOofthe  preceding  fig- 
ures.  Components  similar  to  those  of  Figs.  1  and  2 
have  been  given  the  same  identifying  numerals. 

The  RF  filter  40  of  Fig.  2  is  shown  in  Fig.  10  as 

the  inductor  71  and  capacitor  72.  Inductor  71  may 
have  an  inductance  of  50  microhenries  and  capacitor 
72  may  have  a  capacitance  of  0.047  microfarads.  A 
first  terminal  of  coil  71  is  connected  in  series  with  the 

5  triac  39  which  may  be  a  type  MAC  223-5  triac  made 
by  Motorola  semiconductors.  A  one  ampere,  600  volt, 
single  phase,  full  wave  bridge  rectifier  41  is  connect- 
ed  to  the  neutral  terminal  16,  and  to  the  first  terminal 
of  i  nductor  7  1  th  roug  h  the  series  con  nect  ion  of  ca  pac- 

10  itor  74  (1.1  microfarads)  and  resistor  73  (180  ohms). 
AZener  diode  74a  is  connected  across  the  d-c  output 
of  power  supply  bridge  41  and  may  be  a  24  volt  Zener 
diode  which  acts  as  a  clamp.  Resistor  73,  capacitor 
74,  bridge  41  and  Zener  74a  serve  the  function  of  an 

15  RC  dropping  network  and  shunt  regulator.  The  power 
supply  output  voltage  which  drives  the  relay  coil  as- 
sociated  with  contacts  1  8  and  the  input  signal  sensing 
circuitry  to  be  described,  is  smoothed  into  a  relatively 
unfluctuating  d-c  by  capacitor  75  (22  microfarads). 

20  A  diode  76  and  capacitor  77  (22  microfarad)  act, 
with  capacitor  75,  as  a  filter.  Relay  coil  78  which  is 
coupled  to  contact  18  (a  normally  open  contact)  is  in 
series  with  a  power  MOSFET  79  which  may  be  an  In- 
ternational  Rectifier  type  IRF11  3  device.  A  protective 

25  diode  80  is  connected  in  parallel  with  the  coil  78. 
When  power  MOSFET  79  is  turned  on,  current  is  con- 
ducted  by  relay  coil  78  so  that  the  normally  open  con- 
tact  18  will  be  closed. 

An  optocoupler  61  consists  of  two  light  emitting 
30  diodes  62  and  63  and  photosensitive  transistor  64. 

Optocoupler  61  may  be  of  the  commercial  type  HIIAAI 
manufactured  by  General  Electric. 

Light  emitting  diodes  62  and  63  in  optocoupler  61 
are  connected  between  neutral  terminal  16  and  one 

35  terminal  of  resistor  60.  The  other  terminal  of  resistor 
60  being  connected  to  input  terminal  11. 

The  control  circuit  for  controlling  the  gate  to 
source  voltage  of  power  MOSFET  79  includes  the  ca- 
pacitor  85  (0.1  microfarad)  connected  in  series  with 

40  the  collector-emitter  circuit  of  transistor  64  in  the  op- 
tocoupler  61  .  Resistors  86  (1  00K)  and  87  (220K)  form 
a  voltage  divider  to  protect  the  gate  of  the  MOSFET 
79  and  to  discharge  capacitor  85  when  a  dimmed  sig- 
nal  output  is  no  longer  present  or  is  insufficient  to  pro- 

45  duce  a  sufficient  output  from  LEDs  62  and  63  suffi- 
cient  to  render  transistor  64  conductive. 

In  operation,  so  long  as  a  periodic  signal  appears 
on  the  input  terminal  11  (in  the  form  of  a  phase  con- 
trolled  signal),  transistor  64  will  be  periodically  turned 

so  on  to  enable  charging  of  capacitor  85  from  the  power 
supply  previously  described.  Capacitor  85  discharges 
between  conduction  periods  of  transistor  64  but,  so 
long  as  a  sufficient  signal  is  present  at  which  contact 
1  8  should  remain  closed,  capacitor  85  will  generate  a 

55  suitable  gate  voltage  to  maintain  MOSFET  79  in  con- 
duction.  So  long  as  the  MOSFET  79  conducts,  the  re- 
lay  coil  78  is  energized  and  the  contact  18  is  held 
closed. 

6 
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When  the  signal  applied  to  terminal  11  falls  below 
a  certain  value,  either  by  adjusting  adjustable  resistor 
34  in  control  dimmer  20  to  a  very  low  dimmer  setting 
or  by  opening  switch  35  in  control  dimmer  20,  light 
emitting  diodes  62  and  63  no  longer  emit  sufficient 
light  to  enable  phototransistor  64  to  conduct. 

Capacitor  85  then  discharges  through  resistors 
87  and  86  and  MOSFET  79  is  gated  off,  deenergizing 
relay  coil  78  and  opening  contacts  18,  hence  provid- 
ing  an  air  gap  disconnection  of  the  load  from  dimmer 
10. 

The  triac  39  of  Fig.  10  is  provided  with  an  input 
circuit  which  contains  no  adjustment  members  al- 
though  trim  parts  which  are  not  used  ordinarily  to  ad- 
just  the  circuit  during  its  normal  operation  or  use  may 
be  present.  However,  full  adjustment  capability  can 
be  provided  at  dimmer  10,  to  be  used  alternatively  to 
the  remotely  generated  phase  controlled  signal  from 
dimmer  20.  Thus,  in  the  preferred  embodiment,  the  in- 
put  circuit  112  is  not  an  adjustable  dimming  input  cir- 
cuit  since  dimming  control  is  obtained  from  the  wave 
shape  of  the  signal  applied  to  input  terminal  11. 

The  input  circuit  112  consists  of  resistor  90  (270 
ohms)  and  a  positive  temperature  coefficient  resistor 
91  (22  ohms)  which  provides  miswire  protection,  con- 
nected  in  series  with  diac  92  (type  V-413)  manufac- 
tured  by  Nippon  Electric  Company).  Diac  92  is,  in 
turn,  connected  to  the  gate  lead  111.  A  capacitor  93 
(0.22  microfarads)  is  connected  as  shown.  Diac  92 
and  capacitor  93  reduce  false  firing  of  the  triac  39. 
Note  that  no  signal  conditioning  or  adjustment  circui- 
try  is  employed  in  the  input  circuit  to  triac  39  since 
these  functions  can  be  carried  out  in  the  conditioning 
the  signal  applied  to  input  terminal  11  in  Fig.  10. 

The  unit  disclosed  in  Fig.  10  will  enable  a  single 
master  dimmer  (the  control  dimmer  20  of  the  preced- 
ing  figures)  to  drive  more  than  its  rated  load.  That  is, 
the  dimmer  20  may  be  rated  at  600  watts  while  the 
dimmer  1  0  being  driven  might  be  rated  at  3,600  watts. 
The  high  power  dimmer  of  Fig.  10  uses  the  dimmed 
hot  output  of  the  master  or  control  dimmer  as  its  input 
signal  and  creates  a  phase  control  voltage  waveform 
that  can  be  sent  to  additional  loads  on  the  same 
phase  as  the  master  dimmer  or  control  dimmer,  as 
was  shown  in  Fig.  1.  This  then  allows  a  single  master 
or  control  dimmer  to  control  unlimited  amounts  of 
load  so  long  as  all  loads  are  on  the  same  phase.  This 
operation  can  be  thought  of  as  a  phase  control  am- 
plifier.  Thus,  the  high  power  unit  will  exactly  duplicate 
the  phase  control  signal  of  the  master  or  control  dim- 
mer,  including  all  voltage  or  soft  start  compensation. 
Moreover,  the  high  power  unit  provides  an  air  gap 
switch  that  will  open  when  there  is  no  input  signal  and 
close  automatically  when  a  phase  control  input  signal 
is  applied  to  the  unit. 

The  novel  power  booster  arrangement  of  the 
present  invention  can  be  applied  to  line  voltage  or  low 
voltage  loads  and  also  standard  fluorescent  dimming 

system  loads  by  appropriate  adjustments  to  the  pow- 
er  circuitry  of  high  power  dimmer  10  as  is  well  known 
in  the  art.  Similarly,  the  novel  invention  can  be  ap- 
plied  to  any  generalized  voltage  control  process. 

5  An  alternative  embodiment  of  the  invention  is  il- 
lustrated  in  Fig.  11  .  An  interface  circuit  200  has  as  its 
control  input  the  phase  control  signal  present  on  line 
33  from  control  dimmer  20.  The  outputs  from  inter- 
face  circuit  200  are  a  switched  hot  output  214  and  a 

10  control  output  216.  These  can  be  used  to  control  a 
high  frequency  electronic  dimming  ballast  212  such 
as  the  HiLume  OSPCU  series  sold  by  the  assignee  of 
the  present  invention  and  described  in  U.S.  Patent 
Application  Serial  Number  642,072,  filed  august  17, 

15  1984. 
Control  dimmer  20  operates  as  described  above 

to  produce  a  phase  controlled  output  on  line  33  from 
the  voltage  available  at  "hot"  a-c  terminal  14. 

Interface  circuit  200  is  connected  to  "hot  a-c  ter- 
20  minal  14  and  "neutral"  d-c  terminal  16,  the  voltage 

between  these  two  terminal  providing  the  power 
source  for  the  interface  circuit.  Output  line  33  of  con- 
trol  dimmer  20  is  connected  to  an  electronic  load  202 
within  interface  circuit  200.  Electronic  load  202  prop- 

25  erly  loads  control  dimmer  20  and  provides  a  means 
for  detecting  the  phase  information  in  the  phase  con- 
trolled  output  from  control  dimmer  20  and  electrically 
isolating  it  from  the  a-c  line  voltage  so  it  can  be  util- 
ized  in  the  remaining  circuitry  of  interface  circuit  200. 

30  These  functions  are  accomplished  with  very  little 
power  dissipation. 

The  isolated  phase  control  information  from  elec- 
tronic  load  202  is  supplied  to  "Phase  information  to 
DC  Level  Circuit"  204  which  converts  the  varying 

35  phase  angle  to  a  varying  d-c  voltage.  This  d-c  voltage 
is  the  input  to  inverter  and  buffer  circuit  208  and  relay 
control  circuit  206. 

Inverter  and  buffer  circuit  208  conditions  the  d-c 
voltage  generated  by  circuit  204  as  will  be  described 

40  in  more  detail  below.  Relay  control  circuit  206  detects 
the  presence  or  absence  of  a  d-c  voltage  at  its  input 
and  closes  or  opens  a  relay,  respectively.  One  termi- 
nal  of  the  relay  is  connected  to  "hot"  a-c  terminal  14 
and  the  other  is  connected  to  switched  hot  lead  214 

45  which  provides  a-c  voltage  to  dimming  ballast  212. 
The  conditioned  output  from  inverter  and  buffer 

circuit  208  is  the  input  to  d-c  to  pulse  width  modulated 
signal  circuit  210.  Circuit  210  produces  the  pulse 
width  modulated  signal  required  by  high  frequency 

so  fluorescent  dimming  ballast  load  212  from  the  condi- 
tioned  d-c  signal  input. 

Hence,  the  phase  controlled  output  from  any 
dimmer  can  be  used  to  control  the  light  output  of  high 
frequency  electronic  dimming  ballasts.  This  feature 

55  is  particularly  useful  when  the  phase  controlled  out- 
put  used  is  from  one  zone  ofamultizone  wall  box  dim- 
ming  system. 

By  making  appropriate  changes  to  the  circuitry  in 
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interface  circuit  200,  the  output  could  be  a  variable 
voltage,  variable  frequency  or  other  signal  as  re- 
quired  by  the  power  control  module  to  be  controlled. 

Fig.  12  is  a  detailed  circuit  diagram  of  the  inter- 
face  circuit  200  illustrated  in  Fig.  11.  Dimmed  hot  line  5 
33  from  control  dimmer  20  is  connected  to  an  a-c  ter- 
minal  of  bridge  rectifier  300,  the  other  a-c  terminal  of 
bridge  rectifier  300  being  connected  to  neutral  termi- 
nal  16.  Metal  oxide  varistor  301  provides  protection 
against  surge  voltages  or  noise  spikes  which  may  oc-  10 
cur  on  line  33. 

The  rectified  leakage  current  flowing  from  the  d- 
c  output  terminals  of  bridge  rectifier  300  prior  to  the 
triac  in  control  dimmer  20  being  gated  on,  flows 
through  resistor  304  and  Zener  diode  351  .  When  the  15 
triac  in  control  dimmer  20  is  gated  on,  line  voltage  ap- 
pears  on  line  33.  FET  308  is  gated  on  and  the  load 
current  from  control  dimmer  20  flows  through  bridge 
rectifier  300,  resistor  309,  FET  308  and  diode  307. 
Sufficient  voltage  is  generated  across  resistor  309  to  20 
charge  up  capacitor  311  through  resistor  310.  Once 
capacitor  311  charges  up  to  the  breakover  voltage  of 
silicon  bilateral  switch  (SBS)312,  SBS  312  begins  to 
conduct,  and  a  pulse  of  current  flows  through  resistor 
313  into  LED  306A  of  an  optocoupler  and  through  25 
positive  temperature  coefficient  (PTC)  resistor  303B 
into  LED  314A  of  another  optocoupler. 

The  pulse  of  current  flowing  through  LED  306A 
causes  light  triggered  SCR  306B  to  be  triggered  on. 
Load  current  now  flows  through  resistor  304,  a  light  30 
triggered  SCR  306B  and  LED  302A  of  another  opto- 
coupler.  FET  308  is  gated  off.  Since  resistor  304  (18 
Kohms)  has  a  much  greater  value  than  resistor  309 
(100  ohms),  the  value  of  the  load  current  flowing  is 
substantially  reduced.  Optotriac  302B  is  gated  on  due  35 
to  the  current  flowing  in  LED  302A.  This  connects 
dimmed  hot  line  33  to  hot  terminal  14  through  PTC  re- 
sistor  303A  and  the  triac  in  control  dimmer  20  turns 
off.  Resistor  305  is  the  gate  resistor  for  opto  SCR 
306B.  40 

PTC  resistors  303Aand  303B  are  thermally  cou- 
pled  together  and  provide  miswire  protection  for  inter- 
face  circuit  200.  The  circuitry  described  above  com- 
prises  electronic  load  202. 

The  power  supply  for  the  remainder  of  the  control  45 
circuitry  is  provided  in  a  conventional  manner  by 
transformer  315,  bridge  rectifier  350,  diode  319,  re- 
sistor  320,  capacitor  326  and  voltage  regulator  327. 

Light  triggered  SCR314B  is  gated  on  in  response 
to  a  pulse  of  light  from  LED  314Awhen  a  pulse  of  cur-  50 
rent  flows  through  LED  31  4A  as  described  above. 
Current  then  flows  through  resistor318.  Resistor316 
is  the  gate  resistor  for  light  triggered  SCR  314B.  The 
voltage  across  resistor  318  is  a  rectified  phase  con- 
trolled  sine  wave  with  the  same  phase  delay  as  the  55 
voltage  on  line  33. 

The  voltage  across  resistor  318  is  the  input  to  a 
two  pole  low  pass  filter  comprised  of  resistors  317, 

321  and  324  and  capacitors  322  and  323.  The  output 
of  this  filter  is  a  smoothed  d-c  voltage  whose  voltage 
is  related  to  the  phase  delay  of  the  voltage  across  re- 
sistor  31  8. 

Resistors  328,  329,  330  and  337;  variable  resis- 
tor  335  and  Zener  diode  336,  together  with  op  amp 
334,  provides  a  gain  stage  with  a  breakpoint  in  the 
gain,  whereby  the  gain  is  reduced  at  higher  input  vol- 
tages.  The  smoothed  d-c  voltage  from  the  previous 
stage  is  applied  to  the  gain  stage  via  diode  325. 

Op  amp  333  together  with  diode  332  and  variable 
resistor  331  provides  an  adjustable  low  end  trim.  As 
described  above,  this  could  also  be  incorporated  into 
control  dimmer  20. 

Resistors  339,  340  and  342  and  op  amp  341  pro- 
vide  an  inverting  stage  such  that  a  large  d-c  voltage 
results  in  low  light  levels  and  vice  versa  as  required 
by  the  next  stage  of  the  control  circuitry.  The  output 
from  op  amp  341  is  applied  to  the  d-c  to  pulse  width 
modulated  waveform  converter  which  has  a  high  vol- 
tage  output.  This  converter  utilizes  the  same  circuitry 
that  is  used  in  the  model  NTHF-40  wall  box  control  as 
sold  by  Lutron  Electronics  Co.,  Inc.,  the  assignee  of 
the  present  invention,  and  has  a  high  voltage  pulse 
width  modulated  output  suitable  for  controlling  Hi- 
Lume  OSPCU  series  high  frequency  fluorescent  dim- 
ming  ballasts. 

Ad-c  detector  and  relay  control  circuit  is  provided 
by  resistors  343,  344  and  346;  variable  resistor  345; 
op  amp  352  and  transistor  347.  The  d-c  voltage 
across  resistor  318  is  applied  to  the  positive  input  of 
op  amp  352.  When  this  voltage  is  a  value  set  by  vari- 
able  resistor  345,  the  output  of  op  amp  352  goes  high 
biasing  transistor  347  on.  This  causes  current  to  flow 
in  the  relay  coil  of  relay  348  closing  the  contacts  of  re- 
lay  348  and  connecting  switched  hot  terminal  314  to 
hot  terminal  14.  Diode  349  provides  flyback  protec- 
tion  for  the  coil  of  relay  348.  When  the  d-c  voltage  de- 
tected  falls  below  the  preset  value,  relay  348  opens 
providing  a  positive  off  for  the  ballasts  being  control- 
led. 

Interface  circuit  200  has  been  described  in  con- 
nection  with  a  circuit  which  produces  a  pulse  width 
modulated  high  voltage  output.  However,  the  output 
could  also  be  a  varying  voltage,  varying  frequency  or 
other  output  as  required  by  the  power  module  to  be 
controlled. 

It  is  preferred  thatthe  present  invention  be  limited 
not  by  the  specific  disclosure  herein,  but  only  by  the 
appended  claims. 

Claims 

1.  Power  control  circuit  comprising  a  first  dimmer 
(212)  having  first  and  second  main  terminals  and 
a  control  terminal  for  controlling  the  output  of  said 
first  dimmer  in  response  to  control  input  signals 
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applied  to  said  control  terminal;  a  second  phase 
controlled  dimmer  (20)  having  first  and  second 
main  terminals  and  a  control  electrode,  said  sec- 
ond  dimmer  (20)  including  variable  phase  delay 
control  circuit  means  (34,55)  connected  to  said 
second  dimmer  control  electrode  for  controlling 
the  output  voltage  of  said  second  main  terminal 
(33)  of  said  second  dimmer  to  produce  a  phase 
controlled  waveform;  and  an  interface  circuit 
(200)  having  an  input  terminal  connected  to  the 
second  main  terminal  (33)  of  said  second  dimmer 
(20)  and  an  output  terminal  (216)  connected  to 
said  control  terminal  of  said  first  dimmer  (212), 
characterized  in  that  said  interface  circuit  (200) 
comprises  signal  conversion  circuit  means 
(204,208,210)  for  converting  the  phase  control- 
led  waveform  from  the  second  dimmer  (20)  con- 
nected  to  its  said  input  terminal  to  control  signals 
adapted  to  control  said  first  dimmer  (212)  at  its 
said  output  terminal  (216)  whereby  the  output  vol- 
tage  waveform  of  said  first  and  second  main  elec- 
trodes  of  said  first  dimmer  (21  2)  has  an  output  re- 
lated  to  the  control  information  contained  in  said 
phase  delay  signal  at  said  output  voltage  of  said 
second  main  terminal  (33)  of  said  second  dimmer 
(20). 

2.  Power  control  circuit  according  to  claim  1,  char- 
acterized  in  that  said  first  dimmer  (212)  is  con- 
trolled  by  a  pulse  width  modulated  waveform  sig- 
nal;  said  interface  circuit  (200)  converting  said 
phase  controlled  waveform  of  said  second  dim- 
mer  (20)  to  said  pulse  width  modulated  waveform 
signal  which  is  applied  to  said  first  dimmer. 

3.  Power  control  circuit  according  to  claim  1,  char- 
acterized  in  that  said  first  dimmer  (212)  is  con- 
trolled  by  a  signal  having  a  variable  frequency; 
said  interface  circuit  (200)  converting  said  phase 
controlled  waveform  of  said  second  dimmer  (20) 
to  a  related  signal  frequency  input  for  said  first 
dimmer  (212). 

4.  Power  control  circuit  according  to  claim  1,  char- 
acterized  in  that  said  first  dimmer  (212)  is  con- 
trolled  by  a  signal  having  a  variable  voltage;  said 
interface  circuit  (200)  converting  said  phase  con- 
trolled  waveform  of  said  second  dimmer  (20)  to  a 
related  voltage  for  controlling  said  first  dimmer 
(212). 

5.  Power  control  circuit  according  to  claims  1  to  3, 
characterized  in  that  said  first  dimmer  (212)  is  a 
high  frequency  fluorescent  dimming  ballast. 

6.  Power  control  circuit  according  to  claims  1  to  4, 
characterized  in  that  said  first  dimmer  (212)  is 
adapted  for  dimming  of  mercury  vapor  lamps. 

7.  Power  control  circuit  according  to  any  of  the 
claims  1  to  6,  characterized  in  that  it  further  in- 
cludes  disconnect  means  (206)  coupled  to  said 
first  dimmer  (21  2)  and  operable  to  effectively  pre- 

5  vent  current  conduction  between  said  first  and 
second  main  terminals  of  said  first  dimmer  (212); 
and  operating  means  for  said  disconnected 
means  (206);  said  operating  means  connected  to 
said  second  dimmer  (20)  and  becoming  operable 

10  in  response  to  a  predetermined  output  condition 
of  said  second  dimmer  (20). 

8.  Power  control  circuit  according  to  any  of  the 
claims  1  to  7,  characterized  in  that  it  further  in- 

15  eludes  electronic  load  means  (202)  in  said  inter- 
face  circuit  (200)  coupled  to  said  phase  delay  sig- 
nal  of  said  second  dimmer  (20). 

9.  Power  control  circuit  according  to  claim  8,  char- 
20  acterized  in  that  said  electronic  load  (202)  pro- 

vides  a  load  for  said  second  dimmer  (20)  and  con- 
tains  phase  delay  detection  circuit  means  for  de- 
tecting  the  phase  delay  of  said  phase  controlled 
waveform,  said  interface  circuit  (200)  further  in- 

25  eluding  d-c  level  generating  circuit  means  (204) 
connected  to  said  phase  delay  detection  circuit 
means  for  generating  a  d-c  output  signal  which  is 
related  to  the  amount  of  phase  delay  in  said 
phase  controlled  waveform  and  circuit  means 

30  (208,210)  for  coupling  a  signal  related  to  said  d- 
c  output  signal  to  said  input  terminal  of  said  first 
dimmer  (212). 

10.  Power  control  circuit  according  to  claim  9,  char- 
35  acterized  in  that  circuit  means  (208,210)  include 

signal  processing  means  (202,210)  for  convert- 
ing  said  d-c  output  signal  to  a  signal  having  the 
input  characteristic  needed  to  control  said  first 
dimmer  (212). 

40 
11.  Power  control  circuit  according  to  claim  9  or  10, 

characterized  in  that  it  further  includes  discon- 
nect  means  (206)  coupled  to  said  first  dimmer 
(212)  and  operable  to  effectively  prevent  current 

45  conduction  between  said  first  and  second  main 
terminals  of  said  first  dimmer  (212);  and  operat- 
ing  means  for  said  disconnect  means;  said  oper- 
ating  means  connected  to  said  interface  circuit 
(200)  and  becoming  operable  in  response  to  a 

so  predetermined  output  of  said  interface  circuit 
(200). 

12.  Power  control  circuit  according  to  claim  10,  char- 
acterized  in  that  it  further  includes  disconnect 

55  means  (206)  coupled  to  said  first  dimmer  (212) 
and  operable  to  effectively  prevent  current  con- 
duction  between  said  first  and  second  main  ter- 
minals  of  said  first  dimmer  (212);  and  operating 

9 
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means  for  said  disconnect  means;  said  operating 
means  connected  to  said  interface  circuit  (200) 
and  becoming  operable  in  response  to  a  prede- 
termined  output  condition  of  said  interface  circuit 
(200). 

13.  Power  control  circuit  according  to  claim  1,  char- 
acterized  in  that  said  operating  means  for  said 
disconnect  means  (206)  is  coupled  to  said  d-c 
output  signal  of  said  phase  delay  detection  circuit 
means  (204). 

Patentanspruche 

1.  Leistungssteuerschaltung  mit  einem  ersten  Lei- 
stungsregler  (212),  der  erste  und  zweite  Haupt- 
anschlusse  und  einen  SteueranschlulizurSteue- 
rung  derAusgangsleistung  des  ersten  Leistungs- 
reglers  in  Abhangigkeit  von  an  den  Steueran- 
schluli  angelegten  Eingangssteuersignalen  auf- 
weist,  mit  einem  zweiten  phasengesteuerten  Lei- 
stungsregler  (20),  der  erste  und  zweite  Hauptan- 
schlusse  und  eine  Steuerelektrode  aufweist,  wo- 
bei  der  zweite  Leistungsregler  (20)  eine  mit  ver- 
anderlicher  Phasenverzogerung  arbeitende 
Steuerschaltungseinrichtung  (34,  35)  ein- 
schlielit,  die  mit  der  Steuerelektrode  des  zweiten 
Leistungsreglers  verbunden  ist,  urn  die  Aus- 
gangsspannung  des  zweiten  Hauptanschlusses 
(33)  des  zweiten  Leistungsreglers  derart  zu  steu- 
ern,  dali  eine  phasengesteuerte  Schwingungs- 
form  erzeugt  wird,  und  mit  einer  Schnittstellen- 
schaltung  (200),  die  einen  mit  dem  zweiten 
Hauptanschluli  (33)  des  zweiten  Leistungsreg- 
lers  (20)  verbundenen  Eingangsanschluli  und  ei- 
nen  Ausgangsanschluli  (216)  aufweist,  der  mit 
dem  Steueranschluli  des  ersten  Leistungsreg- 
lers  (212)  verbunden  ist, 
dadurch  gekennzeichnet,  dali  die  Schnittstellen- 
schaltung  (200)  Signalwandlerschaltungsein- 
richtungen  (204,  208,  210)  zur  Umwandlung  der 
mit  ihrem  Eingangsanschluli  verbundenen  pha- 
sengesteuerten  Schwingungsform  von  dem 
zweiten  Leistungsregler  (20)  in  Steuersignale 
aufweist,  die  zur  Steuerung  des  ersten  Lei- 
stungsreglers  an  dessen  genannten  Ausgangs- 
anschluli  (21  6)  ausgebildet  sind,  so  dali  die  Aus- 
gangsspannungsschwingungsform  der  ersten 
und  zweiten  Hauptelektroden  des  ersten  Lei- 
stungsreglers  (212)  einen  Ausgang  aufweist,  der 
auf  die  Steuerinformation  bezogen  ist,  die  in  dem 
Phasenverzogerungssignal  an  der  Ausgangs- 
spannung  des  zweiten  Hauptanschlusses  (33) 
des  zweiten  Leistungsreglers  (20)  enthalten  ist. 

2.  Leistungssteuerschaltung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dali  der  erste  Lei- 

stungsregler  (212)  durch  ein  impulsbreitenmodu- 
liertes  Schwingungsform-Signal  gesteuert  ist, 
dali  die  Schnittstellenschaltung  (200)  die  pha- 
sengesteuerte  Schwingungsform  des  zweiten 

5  Leistungsreglers  (20)  in  das  impulsbreitenmodu- 
lierte  Schwingungsform-Signal  umwandelt,  das 
dem  ersten  Leistungsregler  zugef  uhrt  wird. 

3.  Leistungssteuerschaltung  nach  Anspruch  1, 
10  dadurch  gekennzeichnet,  dali  der  erste  Lei- 

stungsregler  (212)  durch  ein  Signal  mit  einer  ver- 
anderlichen  Frequenz  gesteuert  ist,  und  dali  die 
Schnittstellenschaltung  (200)  die  phasengesteu- 
erte  Schwingungsform  des  zweiten  Leistungs- 

15  reglers  (20)  auf  einen  hierauf  bezogenen  Fre- 
quenzsignaleingang  f  urden  ersten  Leistungsreg- 
ler  (212)  umwandelt. 

4.  Leistungssteuerschaltung  nach  Anspruch  1, 
20  dadurch  gekennzeichnet,  dali  der  erste  Lei- 

stungsregler  (212)  durch  ein  Signal  mitverander- 
licher  Spannung  gesteuert  ist,  und  dali  die 
Schnittstellenschaltung  (200)  die  phasengesteu- 
erte  Schwingungsform  des  zweiten  Leistungs- 

25  reglers  (20)  auf  eine  hierauf  bezogene  Spannung 
zur  Steuerung  des  ersten  Leistungsreglers  (212) 
umwandelt. 

5.  Leistungssteuerschaltung  nach  einem  der  An- 
30  spruche  1-3,  

dadurch  gekennzeichnet,  dali  der  erste  Lei- 
stungsregler  (212)  ein  Hochfrequenz-Leucht- 
stofflampen-Helligkeitsregelungs-Vorschaltgerat 
ist. 

35 
6.  Leistungssteuerschaltung  nach  den  Anspruchen 

1-4,  
dadurch  gekennzeichnet,  dali  der  erste  Lei- 
stungsregler  (212)  zur  Regelung  der  Leistung 

40  von  Quecksilberdampflampen  ausgebildet  ist. 

7.  Leistungssteuerschaltung  nach  einem  der  An- 
spruche  1-6,  
dadurch  gekennzeichnet,  dali  sie  weiterhin  mit 

45  dem  ersten  Leistungsregler  (212)  gekoppelte  Ab- 
schalteinrichtungen,  die  betreibbar  sind,  urn  ef- 
fektiv  eine  Stromleitung  zwischen  den  ersten  und 
zweiten  Hauptanschlussen  des  ersten  Lei- 
stungsreglers  (212)  zu  verhindern,  und  Betati- 

50  gungseinrichtungen  fur  die  Abschalteinrichtun- 
gen  (206)  einschlielit,  wobei  die  Betatigungsein- 
richtungen  mit  dem  zweiten  Leistungsregler  (20) 
verbunden  sind  und  in  Abhangigkeit  von  einem 
vorgegebenen  Ausgangszustand  des  zweiten 

55  Leistungsreglers  (20)  betatigbar  werden. 

8.  Leistungssteuerschaltung  nach  einem  der  An- 
spruche  1  bis  7, 

50 
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dadurch  gekennzeichnet,  dali  sie  weiterhin  eine 
mit  dem  Phasenverzogerungssignal  des  zweiten 
Leistungsreglers  (20)  gekoppelte  elektronische 
Lasteinrichtung  (202)  in  der  Schnittstellenschal- 
tung  (200)  einschlielit. 

9.  Leistungssteuerschaltung  nach  Anspruch  8, 
dadurch  gekennzeichnet,  dali  die  elektronische 
Last  (202)  eine  Last  fur  den  zweiten  Leistungs- 
regler  (20)  bildet  und  eine  Phase  nverzogerungs- 
Detektorschaltungseinrichtung  zur  Feststellung 
der  Phasenverzogerung  der  phasengesteuerten 
Schwingungsform  einschlielit,  dali  die  Schnitt- 
stellenschaltung  (200)  weiterhin  eine  Gleich- 
spannungspegel-Generatorschaltungseinrichtung 
(204),  die  mit  der  Phasenverzogerungs-Detek- 
torschaltungseinrichtung  verbunden  ist,  urn  ein 
Gleichspannungs-Ausgangssignal  zu  erzeugen, 
das  auf  das  Ausmali  der  Phasenverzogerung  in 
der  phasengesteuerten  Schwingungsform  bezo- 
gen  ist,  und  Schaltungseinrichtungen  (208,  210) 
zur  Ankopplung  eines  auf  das  Gleichspannungs- 
Ausgangssignal  bezogenen  Signals  an  den  Ein- 
gangsanschluli  des  ersten  Leistungsreglers 
(212)  einschlielit. 

10.  Leistungssteuerschaltung  nach  Anspruch  9, 
dadurch  gekennzeichnet,  dali  die  Schaltungsein- 
richtungen  (208,  210)  Signalverarbeitungsein- 
richtungen  (202,  210)  zur  Umwandlung  des 
Gleichspannungs-Ausgangssignals  in  ein  Signal 
einschlielien,  das  die  zur  Steuerung  des  ersten 
Leistungsreglers  (212)  benotigte  Eingangscha- 
rakteristik  aufweist. 

11.  Leistungssteuerschaltung  nach  Anspruch  9  oder 
10, 
dadurch  gekennzeichnet,  dali  sie  weiterhin  mit 
dem  ersten  Leistungsregler  (212)  gekoppelte  Ab- 
schalteinrichtungen  (206),  die  betreibbar  sind, 
urn  effektiv  eine  Stromleitung  zwischen  den  er- 
sten  und  zweiten  Hauptanschlussen  des  ersten 
Leistungsreglers  (212)  zu  verhindern,  und  Beta- 
tigungseinrichtungen  fur  die  Abschalteinrichtun- 
gen  einschlielit,  wobei  die  Betatigungseinrich- 
tungen  mit  der  Schnittstellenschaltung  (200)  ver- 
bunden  sind  und  in  Abhangigkeit  von  einem  vor- 
gegebenen  Ausgang  der  Schnittstellenschaltung 
(200)  betreibbar  werden. 

12.  Leistungssteuerschaltung  nach  Anspruch  10, 
dadurch  gekennzeichnet,  dali  sie  weiterhin  mit 
dem  ersten  Leistungsregler  (212)  gekoppelte  Ab- 
schalteinrichtungen  (206),  die  betreibbar  sind, 
urn  effektiv  eine  Stromleitung  zwischen  den  er- 
sten  und  zweiten  Hauptanschlussen  des  ersten 
Leistungsreglers  (212)  zu  verhindern,  und  Beta- 
tigungseinrichtungen  fur  die  Abschalteinrichtun- 

gen  einschlielit,  wobei  die  Betatigungseinrich- 
tungen  mit  der  Schnittstellenschaltung  (200)  ver- 
bunden  sind  und  in  Abhangigkeit  von  einem  vor- 
gegebenen  Ausgangszustand  der  Schnittstellen- 

5  schaltung  (200)  betreibbar  werden. 

13.  Leistungssteuerschaltung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dali  die  Betatigungs- 
einrichtungen  fur  die  Abschalteinrichtungen 

10  (206)  mit  dem  Gleichspannungsausgangssignal 
der  Phasenverzogerungs-Detektorschaltungs- 
einrichtung  (204)  verbunden  ist. 

15  Revendications 

1.  Circuit  a  commande  de  puissance  comprenantun 
premier  gradateur  (212)  ayant  des  premiere  et 
deuxieme  bornes  principales  et  une  borne  de 

20  commande  pour  commander  la  sortie  dudit  pre- 
mier  gradateur  en  reponse  a  des  signaux  d'en- 
tree  de  commande  appliques  a  ladite  borne  de 
commande  ;  un  deuxieme  gradateur  a  comman- 
de  de  phase  (20)  ayant  une  premiere  et  une 

25  deuxieme  bornes  principales  et  une  electrode  de 
commande,  ledit  deuxieme  gradateur  (20) 
comportant  un  circuit  a  commande  de  retard  a 
phase  variable  (34,  55)  connecte  a  I'electrode  de 
commande  du  deuxieme  gradateur  pour 

30  commander  la  tension  de  sortie  de  ladite  deuxie- 
me  borne  principale  (33)  du  deuxieme  gradateur 
afin  de  produire  une  forme  d'onde  commandee 
en  phase  ;  et  un  circuit  d'interface  (200)  ayant 
une  borne  d'entree  connectee  a  la  deuxieme  bor- 

35  ne  principale  (33)  du  deuxieme  gradateur  (20)  et 
une  borne  de  sortie  (216)  connectee  a  ladite  bor- 
ne  de  commande  du  premier  gradateur  (212), 

caracterise  en  ce  que  le  circuit  d'interface 
(200)  comprend  un  circuit  de  conversion  de  si- 

40  gnal  (204,  208,  210)  pour  convertir  la  forme 
d'onde  controlee  en  phase  delivree  par  le  deuxie- 
me  gradateur  (20)  relie  a  sa  borne  d'entree  pour 
commander  les  signaux  qui  sont  adaptes  pour 
commander  ledit  premier  gradateur  (212)  sur  sa 

45  borne  de  sortie  (216)  de  maniere  que  la  forme 
d'onde  de  la  tension  de  sortie  des  premier  et 
deuxieme  electrodes  principales  du  premier  gra- 
dateur  (212)  ait  une  sortie  qui  soit  liee  a  reforma- 
tion  de  commande  contenue  dans  le  signal  de  re- 

50  tard  de  phase  a  la  tension  de  sortie  de  la  deuxie- 
me  borne  principale  (33)  dudit  deuxieme  grada- 
teur  (20). 

2.  Circuit  a  commande  de  puissance  selon  la  reven- 
55  dication  1,  caracterise  en  ce  que  le  premier  gra- 

dateur  (212)  est  commande  par  une  impulsion  de 
signal  de  forme  d'onde  module  en  largeur,  le  cir- 
cuit  d'interface  (200)  convertissant  la  forme 

11 
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d'onde  commandee  en  phase  du  deuxieme  gra- 
dateur  (20)  en  ladite  impulsion  de  signal  de  forme 
d'onde  module  en  largeur  qui  est  appliquee  au 
premier  gradateur. 

3.  Circuit  a  commande  de  puissance  selon  la  reven- 
dication  1,  caracterise  en  ce  que  le  premier  gra- 
dateur  (212)  est  commande  par  un  signal  a  fre- 
quence  variable,  le  circuit  d'interface  (200) 
convertissant  la  forme  d'onde  commandee  en 
phase  du  deuxieme  gradateur  en  un  signal 
correspondant  a  frequence  d'entree  pour  ledit 
premier  gradateur  (212). 

4.  Circuit  a  commande  de  puissance  selon  la  reven- 
dication  1,  caracterise  en  ce  que  le  premier  gra- 
dateur  (212)  est  commande  par  un  signal  a  ten- 
sion  variable,  ledit  circuit  d'interface  (200) 
convertissant  la  forme  d'onde  commandee  en 
phase  du  deuxieme  gradateur  (20)  en  une  ten- 
sion  correspondante  pour  commander  le  premier 
gradateur  (212). 

5.  Circuit  a  commande  de  puissance  selon  les  re- 
vendications  1  a  3,  caracterise  en  ce  que  le  pre- 
mier  gradateur  (212)  est  un  dispositif  de  protec- 
tion  de  gradation  fluorescent  a  haute  frequence. 

6.  Circuit  a  commande  de  puissance  selon  les  re- 
vendications  1  a  4,  caracterise  en  ce  que  le  pre- 
mier  gradateur  (212)  est  adapte  a  la  gradation  de 
lampes  a  vapeur  de  mercure. 

7.  Circuit  a  commande  de  puissance  selon  I'une 
quelconque  des  revendications  1  a  6,  caracterise 
en  ce  qu'il  comprend  en  outre  des  moyens  de  de- 
connexion  (206)  couples  au  premier  gradateur 
(212)  et  fonctionnant  pour  empecher  effective- 
ment  une  conduction  de  courant  entre  les  pre- 
miere  et  deuxieme  bornes  principales  du  premier 
gradateur  (212)  ;  et  des  moyens  de  fonctionne- 
ment  pour  les  moyens  de  deconnexion  (206),  les- 
dits  moyens  de  fonctionnement  etant  connectes 
au  deuxieme  gradateur  (20)  et  devenant  opera- 
bles  en  reponse  a  un  etat  de  sortie  predetermine 
du  deuxieme  gradateur  (20). 

8.  Circuit  a  commande  de  puissance  selon  I'une 
quelconque  des  revendications  1  a  7,  caracterise 
en  ce  qu'il  comprend  en  outre  des  moyens  de 
charge  electronique  (202)  dans  le  circuit  d'inter- 
face  (200)  couples  au  signal  a  retard  de  phase  du 
deuxieme  gradateur  (20). 

9.  Circuit  a  commande  de  puissance  selon  la  reven- 
dication  8,  caracterise  en  ce  que  la  charge  elec- 
tronique  (202)  fournit  une  charge  au  deuxieme 
gradateur  (20)  et  contient  un  circuit  de  detection 

a  retard  de  phase  pour  detecter  le  retard  de  pha- 
se  de  la  forme  d'onde  commandee  en  phase,  ledit 
circuit  d'interface  (200)  comprenant  en  outre  un 
circuit  generateur  de  niveau  de  courant  continu 

5  (204)  connecte  au  circuit  de  detection  de  retard 
de  phase  pour  generer  un  signal  de  sortie  a  cou- 
rant  continu  qui  correspond  a  la  quantite  de  retard 
de  phase  dans  ladite  forme  d'onde  commandee 
en  phase  et  un  circuit  (208,  210)  pour  coupler  un 

10  signal  correspondant  au  signal  de  sortie  a  cou- 
rant  continu  a  la  borne  d'entree  du  premier  gra- 
dateur  (212). 

10.  Circuit  a  commande  de  puissance  selon  la  reven- 
15  dication  9,  caracterise  en  ce  que  le  circuit  (208, 

210)  comprend  des  moyens  de  traitement  de  si- 
gnal  (202,  210)  pour  convertir  ledit  signal  de  sor- 
tie  a  courant  continu  en  un  signal  ayant  la  carac- 
teristique  d'entree  necessaire  pour  commander 

20  le  premier  gradateur  (212). 

11.  Circuit  a  commande  de  puissance  selon  les  re- 
vendications  9  ou  10,  caracterise  en  ce  qu'il 
comprend  en  outre  des  moyens  de  deconnexion 

25  (206)  couples  au  premier  gradateur  (212)  et  ope- 
rables  pour  effectivement  empecher  une  conduc- 
tion  de  courant  entre  les  premiere  et  deuxieme 
bornes  principales  du  premier  gradateur  (21  2),  et 
des  moyens  de  fonctionnement  pour  les  moyens 

30  de  deconnexion,  lesdits  moyens  de  fonctionne- 
ment  etant  connectes  au  circuit  d'interface  (200) 
et  devenant  operables  en  reponse  a  une  sortie 
predeterminee  du  circuit  d'interface  (200). 

35  12.  Circuit  a  commande  de  puissance  selon  la  reven- 
dication  10,  caracterise  en  ce  qu'il  comprend  en 
outre  des  moyens  de  deconnexion  (206)  couples 
au  premier  gradateur  (212)  et  operables  pour  ef- 
fectivement  empecher  une  conduction  de  cou- 

40  rant  entre  les  premiere  et  deuxieme  bornes  prin- 
cipales  du  premier  gradateur  (212),  et  des 
moyens  de  fonctionnement  pour  les  moyens  de 
deconnexion,  lesdits  moyens  de  fonctionnement 
etant  connectes  au  circuit  d'interface  (200)  et  de- 

45  venant  operables  en  reponse  a  une  condition  de 
sortie  predeterminee  du  circuit  d'interface  (200). 

13.  Circuit  a  commande  de  puissance  selon  la  reven- 
dication  1,  caracterise  en  ce  que  les  moyens  de 

so  fonctionnement  pour  les  moyens  de  deconnexion 
(206)  sont  couples  audit  signal  de  sortie  a  courant 
continu  du  circuit  de  detection  de  retard  de  pha- 
se. 

55 
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