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(54)  DISCHARGE  LAMP  LIGHTING  EQUIPMENT  AND  ILLUMINATING  SYSTEM 

(57)  Filaments  FL1a,FL1b  are  preheated  by  con- 
verting  direct  current  from  a  DC  power  source  E  to  a 
high  frequency  current  by  means  of  an  inverter  circuit 
1  1  .  As  a  discharge  detecting  circuit  1  2  does  not  form  a  . 
closed  circuit  of  direct  current  in  that  state,  the  voltage 
resulting  from  the  direct  current  is  not  applied  to  a  con-  41 
denser  C3.  Therefore,  the  condenser  C3  is  not  charged.  H~  
Upon  lighting  the  fluorescent  lamp  FL1  through  an  elec-  £  |  Oi  J f f  
trical  discharge,  the  voltage  resulting  from  the  direct  x.-  |  —   |^  —  
current  is  not  applied  to  the  condenser  C3.  When  the  f  
voltage  exceeds  the  voltage  on  a  reference  power  I  
source  E1,  it  is  judged  that  the  fluorescent  lamp  FL1  has  t$  _£  J  
been  lit  by  an  electrical  discharge.  Should  a  discharge  E/ '7  "T 
be  detected  when  preheating  is  still  necessary,  the  out-  '  *  *  —  ̂  
put  from  the  inverter  circuit  1  1  is  reduced  by  means  of  a 
negative  feedback,  and  the  filaments  FL1a,FL1b  are 
preheated  again,  in  the  state  where  the  glow  discharge 
is  maintained.  When  the  filaments  FL1a,FL1b  are  suffi- 
ciently  preheated,  the  voltage  on  the  reference  power  Fig.  i  
source  E1  is  increased  by  means  of  a  timer  or  the  like 
so  that  the  output  from  the  inverter  circuit  11  is 
increased  to  start,  in  other  words  light,  the  fluorescent 
lamp  FL1. 
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Fig.  1 
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Description 

TECHNICAL  FIELD 

[0001]  The  present  invention  relates  to  a  discharge 
lamp  lighting  equipment  and  an  illuminating  system 
which  are  capable  of  appropriately  preheating  the  dis- 
charge  lamp. 

BACKGROUND  ART 

[0002]  Generally  speaking,  when  lighting  a  discharge 
lamp  having  filaments  which  are  positioned  in  a  bulb 
and  act  as  the  hot  cathodes,  cold-starting  the  lamp 
makes  it  difficult  for  the  filaments  to  emit  thermions  and 
therefore  often  results  in  damage  of  the  filaments.  For 
this  reason,  a  discharge  lamp  lighting  equipment  for 
such  a  discharge  lamp  typically  lights  the  lamp  by  pre- 
heating  the  filaments  in  order  to  facilitate  the  emission 
of  thermions  and  then  starting  an  arc  discharge. 
[0003]  To  be  more  specific,  having  a  configuration  that 
includes  a  preheating  condenser  connected  in  parallel 
with  the  filaments  of  the  discharge  lamp,  and  the  dis- 
charge  lamp  lighting  equipment  is  so  designed  as  to 
preheat  the  filaments  by  applying  to  the  discharge  lamp 
a  voltage  lower  than  the  discharge  lamp  starting  voltage 
in  order  to  pass  a  preheating  current  to  the  filaments 
prior  to  lighting  the  discharge  lamp;  measure  thereafter 
a  given  length  of  time  period  with  a  timer  or  the  like;  and 
increase  the  voltage  applied  to  the  discharge  lamp  after 
the  given  length  of  time  has  elapsed,  thereby  starting  up 
the  discharge  lamp.  A  configuration  which  calls  for  con- 
necting  an  inverter  transformer  having  a  preheating 
winding  to  a  discharge  lamp  lighting  equipment  and  pre- 
heating  filaments  by  use  of  the  preheating  winding  is 
also  known  to  those  skilled  in  the  art. 
[0004]  Improper  preheating  of  the  filaments  of  a  dis- 
charge  lamp,  such  as  an  instantaneous  lighting  or  insuf- 
ficient  preheating  caused  by  irregularity  in  the  starting 
voltage,  preheating  based  on  inappropriate  criteria,  and 
so  forth,  tend  to  cause  various  problems  including  rapid 
blackening  of  the  discharge  lamp. 
[0005]  Therefore,  it  is  necessary  to  allow  a  wide  range 
of  tolerance  in  setting  the  starting  voltage,  or  add  a  con- 
trol  circuit  for  maintaining  the  preheating  voltage  at  a 
constant  level,  a  power  source  fluctuation  compensat- 
ing  circuit  or  the  like  to  the  discharge  lamp  lighting 
equipment.  This,  however,  complicates  the  configura- 
tion  of  the  device. 
[0006]  Some  discharge  lamps  are  known  to  have 
white  rings  around  the  filaments  in  order  to  prevent 
blackening  of  the  regions  of  the  bulb  wall  near  the  fila- 
ments,  which  are  heated  during  a  preheating  process. 
[0007]  Slender-type  discharge  lamps  that  have  bulbs 
with  a  reduced  outer  diameter,  for  example  not  more 
than  21  mm,  are  becoming  more  commonplace.  As 
these  slender  bulbs  have  virtually  no  clearance  around 
the  filaments  and,  it  is  therefore  impossible  to  attach  a 

ring. 
[0008]  Granting  that  a  ring  can  be  fitted  around  a  fila- 
ment,  the  heat  resulting  from  preheating  of  the  filament 
removes  the  emitter  applied  to  the  surface  of  the  bulb 

5  wall.  When  the  resistance  of  the  filament  increases  as  a 
result  of  the  removal  of  the  emitter,  the  insufficient  dis- 
tance  between  the  bulb  wall  and  the  filament  causes 
what  is  generally  called  a  ring-hanging,  i.e.  melting  of 
the  ring  itself.  Therefore,  a  slender-type  discharge  lamp 

10  without  a  ring,  too,  has  to  undergo  a  normal  preheating 
process  before  being  put  in  an  actual  lighting  mode  by 
an  arc-discharge. 
[0009]  However,  when  the  filaments  of  such  a  lamp 
are  preheated  and  become  reddish,  the  absence  of 

15  rings  around  the  filaments  brings  about  an  undesirable 
result  such  that  the  red  color  is  conspicuous  when 
viewed  from  the  outside.  Such  a  red  color  is  especially 
conspicuous  in  case  of  a  slender-type  discharge  lamp, 
because  the  distance  between  the  bulb  wall  and  each 

20  filament  is  very  short. 
[001  0]  In  order  to  solve  the  above  problems,  an  object 
of  the  present  invention  is  to  provide  a  discharge  lamp 
lighting  equipment  and  a  illuminating  system  that  have  a 
simple  configuration  and  are  capable  of  appropriately 

25  preheating  a  discharge  lamp  and  also  capable  of  mak- 
ing  the  red  color  of  the  filaments  inconspicuous  while 
sufficiently  preheating  the  filaments. 

DISCLOSURE  OF  INVENTION 
30 

[001  1  ]  A  discharge  lamp  lighting  equipment  according 
to  the  invention  includes  a  discharge  lamp  lighting 
means  for  lighting  a  discharge  lamp  having  filaments;  a 
discharge  detecting  means  for  detecting  a  discharge 

35  from  said  discharge  lamp;  and  a  control  means  adapted 
to  cause  the  filaments  to  be  preheated  by  reducing  the 
output  from  the  discharge  lamp  lighting  means  when  the 
discharge  detecting  means  has  detected  a  discharge. 
[001  2]  With  the  configuration  as  above,  wherein  the 

40  output  from  the  discharge  lamp  lighting  means  is 
reduced  by  the  control  means  when  a  discharge  has 
been  detected  by  the  discharge  detecting  means,  the 
discharge  lamp  is  prevented  from  being  lit  before  the 
lamp  is  sufficiently  preheated.  Thus,  a  proper  preheat- 

45  ing  is  ensured. 
[0013]  According  to  another  feature  of  the  invention, 
the  discharge  detecting  means  has  a  simple  configura- 
tion  and  is  capable  of  accurately  detecting  a  discharge 
from  the  discharge  lamp  based  on  detection  of  a  DC 

so  voltage,  which  is  generated  for  the  first  time  as  a  result 
of  a  discharge  being  initiated  at  the  starting  up  of  the 
lamp. 
[0014]  According  to  another  feature  of  the  invention, 
the  discharge  lamp  lighting  means  is  adapted  to  preheat 

55  the  filaments  in  such  a  manner  as  to  maintain  genera- 
tion  of  microdischarge  in  the  discharge  lamp  and  is 
capable  of  preheating  the  discharge  lamp  under  stable 
preheating  conditions.  Furthermore,  the  discharge 
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detecting  means  is  provided  with  a  filter  for  removing 
the  lighting  frequency  at  which  the  discharge  lamp  is  lit. 
By  removing  the  lighting  frequency  for  the  discharge 
lamp  by  means  of  the  filter,  the  discharge  detecting 
means  eliminates  the  influence  of  pulsating  currents  at 
the  lighting  frequency.  Thus,  the  discharge  detecting 
means  is  accurately  detects  a  discharge  from  the  dis- 
charge  lamp  with  a  simple  configuration. 
[001  5]  A  discharge  lamp  lighting  equipment  according 
to  yet  another  feature  of  the  invention  includes  an  out- 
put-variable  inverter  circuit  having  a  switching  element 
for  performing  a  switching  function,  said  inverter  circuit 
adapted  to  apply  voltage  to  and  between  a  pair  of  fila- 
ments  of  a  discharge  lamp  which  has  a  tube  diameter  of 
not  more  than  21  mm  and  is  provided  with  said  fila- 
ments  and  phosphor;  an  inverter  control  circuit  for 
changing  the  output  from  said  inverter  circuit  by  control- 
ling  the  switching  function  of  said  switching  element;  a 
discharge  detecting  means  for  detecting  a  discharge 
from  the  discharge  lamp;  and  a  start-up  control  circuit 
having  a  discharge  detecting  means  for  detecting  a  dis- 
charge  from  the  discharge  lamp,  the  start-up  control  cir- 
cuit  adapted  to  cause  said  inverter  control  circuit  to 
function  such  that  discharge  breakdown  voltage  is 
applied  between  the  filaments  of  the  discharge  lamp 
throughout  a  given  period  of  preheating,  thereby  gener- 
ating  a  glow  discharge  from  the  lamp;  secondary  lamp 
voltage  for  shifting  the  mode  of  discharge  to  the  arc  dis- 
charge  mode  is  applied  between  the  filaments  of  said 
discharge  lamp  when  said  preheating  period  has 
elapsed;  and  that  the  voltage  between  the  filaments  of 
the  discharge  lamp  is  reduced  when  the  discharge  is 
detected  by  said  discharge  detecting  means. 
[001  6]  With  the  configuration  as  above,  throughout  the 
preheating  that  is  conducted  for  a  preset  period  of  time, 
the  inverter  control  circuit  controls  the  inverter  circuit  to 
apply  a  discharge  breakdown  voltage  between  the  fila- 
ments  of  the  discharge  lamp,  thereby  initiating  a  weak 
glow  discharge.  As  a  result  of  the  glow  discharge,  pre- 
heating  is  done  by  a  flow  of  glow  current  that  is  not 
intense  enough  to  damage  the  filaments.  While  the  glow 
discharge  is  conducted,  the  voltage  on  the  lamp 
increases,  thereby  passing  a  large  amount  of  preheat- 
ing  current  to  the  filaments.  The  preheating  of  the  fila- 
ments  involving  the  glow  discharge  causes  the 
phosphor  of  the  discharge  lamp  to  emit  light  so  that  the 
red  color  of  the  filaments  is  reduced  to  a  relatively 
inconspicuous  level.  When  the  period  allotted  for  pre- 
heating  has  elapsed,  a  secondary  lamp  voltage  for 
switching  the  mode  of  discharge  to  an  arc  discharge  is 
applied  between  the  filaments.  When  the  discharge 
detecting  means  detects  the  switching  to  an  arc  dis- 
charge,  in  other  words  detects  that  the  lamp  has  been 
lit,  the  inverter  control  circuit  reduces  the  voltage  on  the 
inverter  circuit  to  maintain  the  discharge  lamp  in  the  lit 
state.  As  the  discharge  lamp  lighting  equipment 
described  above  uses  a  glow  discharge  that  is  not 
intense  enough  to  damage  the  filaments,  thereby  pre- 

heating  the  filaments  and  causing  the  phosphor  to  emit 
light  prior  to  an  arc  discharge,  which  is  the  principal 
means  for  lighting  the  lamp,  the  discharge  lamp  lighting 
equipment  presents  no  danger  of  the  filaments  incurring 

5  damage  and  is  also  capable  of  making  reddening  of  the 
filaments  inconspicuous. 
[0017]  According  to  yet  another  feature  of  the  inven- 
tion,  the  inverter  circuit  includes  a  DC  interrupting  line 
and  a  DC  output  line,  the  DC  interrupting  line  connected 

10  to  one  of  the  two  filaments  of  the  discharge  lamp  via  a 
DC  interruption  condenser  for  removing  the  DC  compo- 
nent  from  the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the  current 
without  interrupting  a  DC  component;  the  discharge 

15  detecting  means  is  provided  with  a  DC  voltage-detect- 
ing  element  for  detecting  a  DC  voltage  on  the  DC  inter- 
rupting  line;  and  the  output  from  the  discharge  detecting 
means  is  controlled  based  on  the  value  of  the  voltage  on 
the  DC  interrupting  line  detected  by  the  DC  voltage- 

20  detecting  element.  As  a  discharge  between  the  fila- 
ments  can  be  detected  by  the  use  of  said  DC  voltage- 
detecting  element  which  is  adapted  to  detect  a  DC  volt- 
age  which  is  generated  on  the  DC  interrupting  line  of  the 
inverter  circuit  as  a  result  of  the  starting  up  of  the  dis- 

25  charge  between  the  filaments,  output  from  the  inverter 
circuit  can  be  controlled  by  the  start-up  control  circuit 
and  the  inverter  control  circuit. 
[0018]  According  to  yet  another  feature  of  the  inven- 
tion,  the  inverter  circuit  includes  a  DC  interrupting  line 

30  and  a  DC  output  line,  the  DC  interrupting  line  connected 
to  one  of  the  two  filaments  of  the  discharge  lamp  via  a 
DC  interruption  condenser  for  removing  the  DC  compo- 
nent  from  the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the  current 

35  without  interrupting  the  DC  component;  the  discharge 
detecting  means  is  provided  with  a  first  DC  voltage- 
detecting  element  for  detecting  the  DC  voltage  on  the 
DC  interrupting  line  and  a  second  DC  voltage-detecting 
element  for  detecting  the  DC  voltage  on  the  DC  output 

40  line  so  that  the  output  from  the  discharge  detecting 
means  is  controlled  based  on  a  difference  between  the 
voltage  on  the  first  DC  voltage-detecting  element  and 
the  voltage  on  the  second  DC  voltage-detecting  ele- 
ment.  As  no  DC  voltage  is  generated  on  the  DC  output 

45  line  prior  to  the  discharge  from  the  discharge  lamp,  the 
discharge  between  the  filaments  can  be  detected  based 
on  the  decrease  in  the  difference  between  voltages  on 
the  first  DC  voltage-detecting  element  and  the  second 
DC  voltage-detecting  element  during  the  performance 

so  of  these  detecting  elements  to  detect  a  DC  component 
of  the  voltage  between  the  filaments.  Therefore,  the  dis- 
charge  lamp  lighting  equipment  described  above  is 
capable  of  controlling  the  output  from  the  inverter  circuit 
by  means  of  the  start-up  control  circuit  and  the  inverter 

55  control  circuit  immediately  after  generation  of  a  dis- 
charge. 
[0019]  According  to  yet  another  feature  of  the  inven- 
tion,  the  inverter  circuit  includes  a  DC  interrupting  line 
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and  a  DC  output  line,  the  DC  interrupting  line  connected 
to  one  of  the  two  filaments  of  the  discharge  lamp  via  a 
DC  interruption  condenser  for  removing  the  DC  compo- 
nent  from  the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the  current 
without  interrupting  the  DC  component;  the  discharge 
detecting  means  is  provided  with  an  AC  voltage-detect- 
ing  element  for  detecting  the  AC  voltage  on  the  DC 
interrupting  line  and  is  adapted  to  output,  in  order  to 
control  the  secondary  voltage  on  the  lamp,  the  amount 
detected  by  the  AC  voltage-detecting  element,  said 
detected  amount  corresponding  to  the  voltage  on  the 
DC  interrupting  line.  Based  on  whether  there  is  a  DC 
component  in  the  current  when  the  discharge  lamp  is  on 
as  a  result  of  a  discharge  or  when  the  lamp  is  not  lit,  the 
AC  voltage-detecting  element  detects  the  discharge 
between  the  filaments  by  detecting  the  AC  voltage  on 
the  DC  interrupting  line.  Therefore,  the  discharge  lamp 
lighting  equipment  described  above  is  capable  of  con- 
trolling  the  output  from  the  inverter  circuit  by  means  of 
the  start-up  control  circuit  and  the  inverter  control  circuit 
immediately  after  generation  of  a  discharge. 
[0020]  According  to  yet  another  feature  of  the  inven- 
tion,  the  DC  voltage-detecting  element  of  the  discharge 
detecting  means  is  provided  with  a  DC  voltage-detect- 
ing  element  adapted  to  function  in  the  full-intensity  illu- 
mination  mode  and  a  DC  voltage-detecting  element 
adapted  to  function  in  the  dimming  mode,  said  DC  volt- 
age-detecting  elements  having  different  disregard  lev- 
els.  Thus,  the  discharge  detecting  means  having  this 
feature  is  capable  of  easily  coping  with  the  full-intensity 
illumination  mode  and  the  dimming  mode,  simply  by 
changing  disregard  levels. 
[0021  ]  According  to  yet  another  feature  of  the  inven- 
tion,  the  DC  voltage-detecting  element  for  the  full-inten- 
sity  illumination  mode  includes  a  disregard  level 
switching  means  adapted  to  change  disregard  levels 
depending  on  whether  the  current  mode  is  the  preheat- 
ing  mode  or  the  full-intensity  illumination  mode,  wherein 
the  respective  disregard  levels  in  the  preheating  mode, 
the  dimming  mode  and  the  full-intensity  illumination 
mode  are  smaller  in  the  indicated  order,  i.e.  the  disre- 
gard  level  in  the  preheating  mode  >  the  disregard  level 
in  the  dimming  mode  >  the  disregard  level  in  the  full- 
intensity  illumination  mode.  Therefore,  the  discharge 
detecting  means  having  this  feature  is  capable  of  relia- 
ble  detection  of  preheating,  dimming  and  full-intensity 
illumination  by  means  of  changing  disregard  levels. 
[0022]  According  to  yet  another  feature  of  the  inven- 
tion,  the  discharge  detecting  means  includes  a  current 
detecting  element  for  detecting  a  lump  current,  and  is 
adapted  to  output  a  signal  from  the  current  detecting 
element  to  the  start-up  control  circuit  upon  detection  of 
a  lamp  current.  Therefore,  the  discharge  lamp  lighting 
equipment  having  this  feature  is  capable  of  preheating 
the  filaments  to  the  maximum  extent  while  maintaining  a 
glow  discharge  by  detecting,  by  means  of  the  current 
detecting  element,  whether  there  is  a  lamp  current 

before  the  discharge  lamp  is  lit,  and  reducing  the  output 
from  the  inverter  circuit  by  means  of  the  start-up  control 
circuit  and  the  inverter  control  circuit  when  the  lamp  cur- 
rent  is  detected. 

5  [0023]  According  to  yet  another  feature  of  the  inven- 
tion,  the  inverter  circuit  includes  a  DC  interrupting  line 
and  a  DC  output  line,  the  DC  interrupting  line  connected 
to  one  of  the  two  filaments  of  the  discharge  lamp  via  a 
DC  interruption  condenser  for  removing  the  DC  compo- 

10  nent  from  the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the  current 
without  interrupting  a  DC  component;  and  the  discharge 
lamp  lighting  equipment  further  includes  a  life-end 
detecting  circuit  and  an  oscillation  stopping  circuit, 

15  wherein  the  life-end  detecting  circuit  is  provided  with  a 
first  DC  voltage-detecting  element  connected  to  the  DC 
interrupting  line  and  a  second  DC  voltage-detecting  ele- 
ment  connected  to  the  DC  output  line,  the  life-end 
detecting  circuit  being  adapted  to  output  a  signal  repre- 

20  senting  a  detected  amount  corresponding  to  the  differ- 
ence  between  the  voltage  on  the  first  DC  voltage- 
detecting  element  and  the  voltage  on  the  second  DC 
voltage-detecting  element,  and  the  oscillation  stopping 
circuit  is  adapted  to  stop  the  switching  action  of  the 

25  switching  element  of  the  inverter  circuit  based  on  a  stop 
signal  output  from  the  life-end  detecting  circuit.  Nor- 
mally,  a  discharge  lamp  does  not  produce  a  difference 
between  the  voltage  on  the  first  DC  voltage-detecting 
element  and  the  voltage  on  the  second  DC  voltage- 

30  detecting  element  when  it  is  lit.  In  cases  where  the  dis- 
charge  lamp  is  close  to  the  end  of  its  life  span,  however, 
one  of  the  filaments  becomes  increasingly  unable  to 
emit  electrons,  which  results  in  a  half-wave  discharge. 
In  such  a  situation,  by  means  of  the  life-end  detecting 

35  circuit,  the  discharge  lamp  lighting  equipment  according 
to  the  invention  detects  the  difference  between  the  DC 
component  detected  by  the  DC  interrupting  line  and  the 
DC  component  detected  by  the  DC  output  line,  and 
stops  the  oscillation  action  of  switching  element  of  the 

40  inverter  circuit  by  means  of  the  oscillation  stopping  cir- 
cuit. 
[0024]  According  to  yet  another  feature  of  the  inven- 
tion,  a  plurality  of  inverter  circuits  respectively  corre- 
sponding  to  a  plurality  of  discharge  lamps  are  installed, 

45  said  discharge  lamps  having  an  identical  lighting  fre- 
quency  and  different  lamp  powers;  and  the  discharge 
lamp  lighting  equipment  further  includes  a  source 
power  input  circuit  which  has  a  full-wave  rectifying  cir- 
cuit  for  performing  full-wave  rectification  of  the  AC  sup- 

so  ply  voltage  having  a  low  frequency  and  is  so  connected 
as  to  be  shared  by  the  inverter  circuits  corresponding  to 
said  different  lamp  voltages;  and  the  discharge  lamp 
lighting  equipment  also  includes  a  plurality  of  low-distor- 
tion  circuits  connected  so  as  to  respectively  form  the 

55  sections  located  in  front  of  said  inverter  circuits,  each 
low-distortion  circuit  including  a  first  condenser  that  has 
such  a  capacity  as  to  not  present  a  smoothing  effect 
with  respect  to  a  low  frequency  voltage,  a  second  con- 
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denser  having  a  capacity  greater  than  that  of  the  first 
condenser  and  connected  to  a  point  closer  to  the  source 
power  input  circuit  than  is  the  first  condenser,  a  rectify- 
ing  diode  which  is  connected  to  a  point  between  the  first 
condenser  and  the  second  condenser  and  adapted  to  5 
switch  the  cathode,  which  is  located  at  the  side  con- 
nected  to  the  first  condenser,  by  means  of  a  high-fre- 
quency  current  resulting  from  the  reactive  power  to  be 
recycled  to  the  input  side,  and  a  series  circuit  consisting 
of  a  smoothing  condenser  and  an  inductor  element  and  w 
connected  in  parallel  with  the  first  condenser.  Thus,  the 
discharge  lamp  lighting  equipment  according  to  the 
invention  improves  the  power  factor  by  means  of  the 
structure  wherein  a  low-distortion  circuit  is  installed  in 
front  of  each  inverter  circuit  so  that  a  high-frequency  75 
current  resulting  from  a  reactive  power  to  be  recycled  to 
the  input  side  when  the  switching  element  of  the  inverter 
circuit  is  turned  off  causes  a  high-frequency  voltage  to 
be  superimposed  over  the  condenser  connected  to  a 
point  between  the  DC  output  terminals  of  the  full-wave  20 
rectifying  circuit  and  that  the  rectifying  diode  functions  at 
the  same  frequency  as  the  lighting  frequency  of  the 
inverter  circuit  over  the  entire  range  where  the  input  cur- 
rent  flows.  As  any  difference  in  lighting  frequencies  of 
the  inverter  circuits  would  appear  as  a  difference  in  2s 
switching  frequencies  of  the  rectifying  diodes  and  gen- 
erate  beat  noises  through  oscillation,  the  lighting  fre- 
quencies  of  the  respective  inverter  circuits  are  set  at  the 
same  level  so  as  to  prevent  generation  of  beat  noises. 
[0025]  According  to  yet  another  feature  of  the  inven-  30 
tion,  the  discharge  lamp  lighting  equipment  includes  a 
plurality  of  inverter  circuits  respectively  corresponding 
to  a  plurality  of  discharge  lamps  that  have  an  identical 
lighting  frequency  and  different  lamp  powers;  a  source 
power  input  circuit  which  has  a  rectifying  circuit  for  per-  35 
forming  full-wave  rectification  of  a  low  frequency  AC 
supply  voltage  and  is  so  connected  as  to  be  shared  by 
the  inverter  circuits  corresponding  to  said  different  lamp 
voltages;  a  plurality  of  low-distortion  circuits  connected 
so  as  to  respectively  form  the  sections  located  in  front  of  40 
said  inverter  circuits,  each  low-distortion  circuit  having  a 
first  condenser  having  such  a  capacity  as  to  not  present 
a  smoothing  effect  with  respect  to  a  low  frequency  volt- 
age,  a  second  condenser  having  a  capacity  greater 
than  that  of  the  first  condenser  and  connected  to  a  point  45 
closer  to  the  source  power  input  circuit  than  is  the  first 
condenser,  a  rectifying  diode  which  is  connected  to  a 
point  between  the  first  condenser  and  the  second  con- 
denser  and  adapted  to  switch  the  cathode,  which  is 
located  at  the  side  connected  to  the  first  condenser,  by  so 
means  of  a  high-frequency  current  that  results  from  the 
reactive  power  to  be  recycled  to  the  input  side,  and  a 
series  circuit  consisting  of  a  smoothing  condenser  and 
an  inductor  element  and  connected  in  parallel  with  the 
first  condenser;  a  circuit  base  on  which  said  inverter  cir-  ss 
cuits  are  mounted  in  such  a  state  as  to  be  separated 
into  blocks;  and  heat  sinking  plates  which  are  mounted 
on  said  circuit  base  together  with  the  switching  ele- 

ments  of  the  inverter  circuits,  each  heat  sinking  plate 
disposed  at  such  a  position  as  to  bridge  two  of  said 
blocks.  The  structure  that  calls  for  lighting  a  plurality  of 
discharge  lamps  by  means  of  a  plurality  of  inverter  cir- 
cuits  respectively  associated  therewith  tends  to  cause 
interference  between  the  inverter  circuits.  According  to 
the  above  feature  of  the  invention,  however,  interference 
between  the  inverter  circuits  is  prevented,  because  the 
inverter  circuits  are  mounted  in  such  a  state  as  to  be 
separated  into  blocks.  As  heat  sinks  for  discharging 
heat  from  heat  generating  elements,  such  as  the  switch- 
ing  elements  of  the  inverter  circuits,  are  mounted  on  the 
circuit  base  in  such  a  manner  that  each  heat  sink 
bridges  two  blocks,  interference  between  the  switching 
elements  is  reduced,  and  wiring  in  the  blocks  is  facili- 
tated. 
[0026]  A  illuminating  system  according  to  the  inven- 
tion  is  provided  with  a  discharge  lamp  lighting  equip- 
ment  having  any  one  of  the  features  of  the  present 
invention  described  above  and  a  main  body,  to  which 
said  discharge  lamp  lighting  equipment  is  attached. 
[0027]  According  to  yet  another  feature  of  the  inven- 
tion,  the  illuminating  system  includes  a  discharge  lamp 
lighting  equipment  having  any  one  of  the  features  of  the 
present  invention  described  above;  the  discharge  lamps 
consist  of  a  plurality  of  annular  fluorescent  lamps  which 
have  different  outer  ring  diameters  and  adapted  to  be 
respectively  energized  by  the  inverter  circuits,  each 
lamp  formed  of  a  tube  having  a  diameter  of  not  more 
than  21mm;  and  the  main  body  of  the  illuminating  sys- 
tem  is  in  the  shape  of  a  disk  and  supports  the  fluores- 
cent  lamps  in  such  a  state  that  they  are  concentrically 
arranged. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

[0028] 

Fig.  1  is  a  circuit  diagram  of  an  embodiment  of  a 
discharge  lamp  lighting  equipment  according  to  the 
present  invention;  Fig.  2  is  an  exploded  perspective 
of  a  illuminating  system  for  said  discharge  lamp 
lighting  equipment;  Fig.  3  is  an  equivalent  circuit 
diagram  of  same  in  the  state  where  the  fluorescent 
lamps  are  not  in  the  course  of  discharge;  Fig.  4  is 
an  equivalent  circuit  diagram  of  same  in  the  state 
where  the  fluorescent  lamps  are  in  the  course  of 
discharge;  Fig.  5  is  an  equivalent  circuit  diagram  of 
same  in  the  state  where  the  fluorescent  lamps  are 
not  mounted;  Fig.  6  is  a  circuit  diagram  of  another 
embodiment  of  the  discharge  lamp  lighting  equip- 
ment  according  to  the  present  invention;  Fig.  7  is  an 
exploded  perspective  of  another  embodiment  of  the 
illuminating  system  of  the  invention;  Fig.  8  is  a  cir- 
cuit  diagram  of  the  discharge  lamp  lighting  equip- 
ment  of  said  illuminating  system;  Fig.  9  is  a 
schematic  top  view  of  a  circuit  base  for  illustrating 
an  example  of  a  manner  of  mounting  of  the  dis- 
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charge  lamp  lighting  equipment;  Fig.  10  is  a  circuit 
diagram  principally  illustrating  an  inverter  unit. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

[0029]  Next,  an  illuminating  system  according  to  an 
embodiment  of  the  present  invention  is  explained  here- 
under,  referring  to  the  drawings. 
[0030]  Fig.  2  is  an  exploded  perspective  of  said  illumi- 
nating  system.  As  shown  in  Fig.  2,  a  main  body  1  in  the 
shape  of  a  thin  disk  is  attached  to  a  ceiling  socket  by 
mean  of  an  adapter  2.  A  holder  3  for  mounting  fluores- 
cent  lamps  FL1.FL2  thereon  is  attached  to  the  under- 
side  of  the  main  body  1.  The  fluorescent  lamps 
FL1.FL2,  which  serve  as  discharge  lamps,  are  covered 
by  a  translucent  shade  4  together  with  the  holder  3  on 
which  the  lamps  are  mounted.  A  discharge  lamp  lighting 
equipment  5  is  housed  in  the  main  body  1  . 
[0031  ]  Fig.  1  is  a  circuit  diagram  of  the  discharge  lamp 
lighting  equipment,  which  illustrates  only  the  circuit  con- 
cerning  the  fluorescent  lamp  FL1  .  As  shown  in  Fig.  1  , 
the  discharge  lamp  lighting  equipment  5  includes  a  DC 
power  source  E,  an  inverter  circuit  1  1  connected  to  the 
DC  power  source  E  and  serving  as  a  discharge  lamp 
lighting  means,  filaments  FL1a,FI1b  of  the  fluorescent 
lamp  FL1,  a  condenser  C1  for  interrupting  direct  cur- 
rent,  an  inductor  L1  and  a  condenser  C2  for  starting-up, 
wherein  one  end  of  the  combination  of  the  filaments 
FL1a,FI1b  is  connected  to  the  inverter  circuit  1  1  via  the 
condenser  C1  and  the  inductor  L1  ,  while  the  condenser 
C2  is  connected  to  a  point  between  the  other  ends  of 
the  respective  filaments  FL1a,FI1b.  The  inverter  circuit 
1  1  is  designed  so  as  to  increase  the  output  in  the  event 
where  the  voltage  on  the  fluorescent  lamp  FL1 
increases  due  to  a  failure  in  lighting,  provided  that  the 
output  does  not  exceed  the  set  voltage. 
[0032]  A  discharge  detecting  circuit  1  2  serving  as  a 
discharge  detecting  means  is  connected  to  a  junction  of 
an  end  of  the  filament  FL1  a  of  the  fluorescent  lamp  FL1 
and  the  inductor  L1  ,  which  is  located  at  the  side  where 
the  condenser  C1  for  interrupting  DC  current  is  located. 
The  discharge  detecting  circuit  12  includes  a  low-pass 
filter  14  for  shutting  out  the  AC  component  having  a  fre- 
quency  in  such  a  range  as  to  light  the  fluorescent  lamp 
FL1  ,  a  series  circuit  consisting  of  a  resistor  R1  and  a 
resistor  R2,  and  a  condenser  C3  connected  in  parallel 
with  the  resistor  R2.  Connected  to  the  junction  point 
between  the  two  resistors  R1.R2  is  one  of  the  input  ter- 
minals  of  a  comparator  15  that  serves  as  a  control 
means.  The  other  input  terminal  of  the  comparator  15  is 
connected  to  a  variable  output  voltage  reference  power 
source  E1  .  The  output  terminal  of  the  comparator  15  is 
connected  to  the  inverter  circuit  11  via  a  VFO  1  6  for 
changing  oscillation  frequencies  of  the  inverter  circuit 
1  1  based  on  the  voltage. 
[0033]  The  fluorescent  lamp  FL2,  too,  is  provided  with 
a  separate  inverter  circuit  having  a  similar  configuration. 
[0034]  Next,  the  function  of  the  embodiment  described 

above  is  explained  hereunder. 
[0035]  First,  the  direct  current  from  the  DC  power 
source  E  is  converted  to  a  high  frequency  current  by 
means  of  the  inverter  circuit  1  1  to  preheat  the  filaments 

5  FL1  a,  FL1b  of  the  fluorescent  lamp  FL1.  In  this  state,  the 
start-up  condenser  C2  is  connected  to  the  inverter  cir- 
cuit  11  via  the  resistors  R1a,R1b  of  the  filaments 
FL1a,FL1b  as  shown  in  the  equivalent  circuit  repre- 
sented  by  Fig.  3.  However,  as  the  presence  of  the  con- 

10  denser  C1  and  the  condenser  C2  prevents  the 
formation  of  a  closed  DC  circuit,  a  voltage  resulting  from 
the  direct  current  is  not  applied  to  the  condenser  C3. 
Therefore,  the  condense,  C3  is  not  charged. 
[0036]  When  the  fluorescent  lamp  FL  is  lit  as  a  result 

is  of  the  discharge,  the  resistor  RFL  is  electrically  con- 
nected  and  forms  a  series  circuit  that  consists  of  the 
resistor  RFL,  the  resistor  R1  and  the  resistor  R2  as 
shown  in  the  equivalent  circuit  represented  by  Fig.  4  so 
that  the  DC  component  is  applied  to  the  condense,  C3. 

20  When  the  voltage  on  the  condenser  C3  exceeds  the  ref- 
erence  voltage  E1  ,  this  indicates  the  discharge  from  the 
fluorescent  lamp  FL  and  that  the  fluorescent  lamp  FL 
has  been  lit.  The  voltage  on  the  reference  power  source 
E1  has  to  be  maintained  at  a  low  level  when  the  fila- 

25  ments  FL1a,FL1b  of  the  fluorescent  lamp  FL1  is  in  the 
course  of  preheating. 
[0037]  When  the  discharge  from  the  fluorescent  lamp 
FL1  is  detected  in  the  state  where  the  filaments 
FL1a,FL1b  need  preheating,  the  output  from  the 

30  inverter  circuit  1  1  is  reduced  by  negative  feedback,  and 
the  filaments  FL1a,FL1b  are  preheated  again  by  feed- 
ing  a  filament  preheating  current  to  the  filaments  via  the 
condenser  C2  while  the  fluorescent  lamp  is  maintained 
in  the  non-discharge  state  or  the  microdischarge  state, 

35  such  as  glow  discharge.  Thereafter,  when  the  filaments 
FL1a,FL1b  have  sufficiently  been  preheated,  the  volt- 
age  on  the  reference  power  source  E1  is  increased  by 
using  a  timer  or  other  means  to  increase  the  output  from 
the  inverter  circuit  1  1  ,  thereby  actuating  and  lighting  the 

40  fluorescent  lamp  FL1.  After  lighting  the  fluorescent 
lamp,  the  circuit  is  put  in  the  mode  for  detecting  the  end 
of  the  life-span  of  the  fluorescent  lamp  FL1  or  for  other 
desired  detection  based  on  the  increased  voltage  on  the 
reference  power  source  E1.  Preheating  the  filaments 

45  FL1a,FL1b  to  a  sufficient  extent  while  maintaining  the 
glow  discharge  has  a  number  of  benefits:  as  there  is  no 
need  of  taking  the  fluctuation  of  the  preheating  voltage 
into  consideration,  it  is  possible  to  simplify  the  structure 
of  the  circuit  by  eliminating  the  power  source  fluctuation 

so  compensating  circuit  or  any  other  circuits  for  compen- 
sating  fluctuation;  and  as  it  eliminates  the  irregularity  in 
the  preheating  conditions,  it  reduces  deterioration  of  the 
filaments  and  thereby  increases  the  life  span  of  the  flu- 
orescent  lamp  FL1.  Furthermore,  as  the  filaments 

55  FL1  a,  FL1  b  are  preheated  by  means  of  glow  discharge, 
which  provides  a  certain  degree  of  luminosity,  the  dis- 
comfort  resulting  from  the  slow  starting  is  alleviated, 
even  though  the  preheating  takes  a  somewhat  long 
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period  of  time. 
[0038]  When  the  filaments  are  preheated,  the  light  is 
tinged  with  red  due  to  the  red  heat  of  the  filaments. 
However,  radiation  by  the  glow  discharge  reduces  the 
intensity  of  the  red  color  and  thus  alleviates  the  discom- 
fort  that  might  otherwise  be  felt. 
[0039]  In  cases  where  the  fluorescent  lamp  FL1  is  not 
mounted,  the  presence  of  the  condensers  C1  ,C2  pre- 
vents  the  formation  of  a  closed  DC  circuit  in  the  dis- 
charge  detecting  circuit  12.  As  the  voltage  resulting 
from  the  direct  current  is  not  applied  to  the  condenser 
C3,  the  condenser  C3  remains  uncharged.  When  such 
a  state  continues  for  longer  than  a  given  length  of  time, 
the  device  judges  that  the  fluorescent  lamp  FL1  is  not 
connected  and  stops  the  output  from  the  inverter  circuit 
11. 
[0040]  The  end  of  the  life  span  of  the  fluorescent  lamp 
FL1  can  be  detected  through  the  following  process.  In 
cases  where,  for  example,  there  is  a  half-wave  dis- 
charge  from  the  filament  FL1a  of  the  fluorescent  lamp 
FL1  to  the  filament  FL1b,  electric  charge  accumulates 
on  the  condenser  C3  accordingly.  When  the  voltage  on 
the  condenser  C3  exceeds  the  voltage  on  the  reference 
power  source  E1  ,  the  device  judges  that  the  fluorescent 
lamp  FL1  is  close  to  the  end  of  its  life  span  and  therefore 
reduces  or  stops  the  output  from  the  inverter  circuit  1  1  . 
[0041  ]  In  cases  where  there  is  a  half-wave  discharge 
from  the  filament  FL1b  of  the  fluorescent  lamp  FL1  to 
the  filament  FL1b,  the  voltage  on  the  condenser  C3 
never  exceeds  the  voltage  on  the  reference  power 
source  E1  ,  because  the  voltage  on  the  condenser  C3  is 
in  the  reversed  direction.  Therefore,  the  output  from  the 
comparator  1  5  does  not  cause  the  reduction  of  the  out- 
put  from  the  inverter  circuit  1  1  .  Based  on  the  increase  in 
the  voltage  on  the  fluorescent  lamp  FL1  ,  however,  the 
device  judges  that  the  fluorescent  lamp  FL1  is  close  to 
the  end  of  its  life  span  and  reduces  or  stops  the  output 
from  the  inverter  circuit  1  1  accordingly. 
[0042]  Next,  another  embodiment  of  the  invention  is 
explained  hereunder,  referring  to  Fig.  6. 
[0043]  Fig.  6  is  a  circuit  diagram  of  another  embodi- 
ment  of  the  discharge  lamp  lighting  equipment  accord- 
ing  to  the  present  invention,  which  has  a  configuration 
similar  to  that  of  the  embodiment  shown  in  Fig.  1  except 
that  a  single  inverter  circuit  1  1  is  connected  to  two  fluo- 
rescent  lamps  FL1.FL2  and  that  a  discharge  detecting 
circuit  12  is  connected  to  each  fluorescent  lamp 
FL1/FL2. 
[0044]  With  regard  to  the  manner  of  control  of  the 
inverter  circuit  11,  preheating  can  be  done  through 
simultaneous  control  of  the  two  fluorescent  lamps 
FL1  ,FL2.  In  cases  where  termination  of  the  life  span  or 
other  problems  occur  with  either  one  of  the  fluorescent 
lamps  FL1  ,FL2,  it  is  sufficient  to  control  the  correspond- 
ing  fluorescent  lamp  FL1/FL2  alone  to  stop  the  output. 
Notwithstanding  the  above  explanation,  different 
lengths  of  time  may  be  set  to  conduct  preheating  for  the 
respective  fluorescent  lamps  FL1  ,FL2. 

[0045]  According  to  either  one  of  the  embodiments 
described  above,  discharge  may  be  detected  by  cance- 
ling  a  filament  preheating  current  by  using  a  transformer 
or  the  like  or  detecting  a  portion  where  the  filament  pre- 

5  heating  current  is  not  flowing.  In  this  case,  as  the 
detected  value  corresponds  to  the  amount  of  discharge, 
the  detection  can  be  conducted  efficiently  by  means  of 
peak  detection  or  the  like. 
[0046]  Furthermore,  the  method  of  reducing  the  out- 

10  put  from  the  inverter  circuit  1  1  is  not  limited  to  those  that 
call  for  changing  frequencies;  the  output  may  be  control- 
led  by  converting  duty  ratios. 
[0047]  The  discharge  lamp  lighting  equipment  5 
according  to  either  one  of  the  embodiments  described 

15  above  detects  discharge  from  the  fluorescent  lamp  FL1 
and/or  the  fluorescent  lamp  FL2  by  means  of  a  dis- 
charge  detecting  circuit  12  or  discharge  detecting  cir- 
cuits  12,  and,  upon  detection  of  discharge  from  the 
fluorescent  lamp  FL1  and/or  the  fluorescent  lamp  FL2, 

20  reduces  the  output  from  the  inverter  1  1  by  means  of  the 
comparator  15,  thereby  preventing  the  fluorescent 
lamps  FL1.FL2  from  initiating  a  discharge  before  they 
are  sufficiently  preheated.  By  thus  preventing  a  prema- 
ture  lighting,  the  discharge  lamp  lighting  equipment  5 

25  ensures  appropriate  preheating  and  increases  the  life 
span  of  the  fluorescent  lamps  FL1  ,FL2. 
[0048]  Each  discharge  detecting  circuit  1  2  is  not  con- 
nected  to  the  inverter  circuit  by  way  of  direct  current.  By 
thus  shutting  out  the  DC  components  from  the  current 

30  flowing  into  the  discharge  detecting  circuit  12,  the  dis- 
charge  from  the  fluorescent  lamp  FL1  and/or  the  fluo- 
rescent  lamp  FL2  can  be  detected  accurately. 
[0049]  As  the  inverter  circuit  1  1  preheats  the  filaments 
FL1a,  FL1b,  FL2a,  FL2b,  while  maintaining  thefluores- 

35  cent  lamps  FL1.FL2  in  the  state  where  the  microdis- 
charge  is  being  conducted,  the  inverter  circuit  11  is 
capable  of  ensuring  a  certain  degree  of  luminosity  and 
preheating  the  fluorescent  lamps  FL1  ,FL2  under  stable 
preheating  conditions. 

40  [0050]  Furthermore,  the  discharge  detecting  circuit  1  2 
has  a  low-pass  filter  14  for  shutting  out  the  component 
having  a  frequency  in  such  a  range  as  to  light  the  fluo- 
rescent  lamps  FL1.FL2.  By  removing  the  component 
having  a  frequency  in  such  a  range  as  to  light  the  fluo- 

45  rescent  lamps  FL1  ,FL2  by  the  use  of  the  low-pass  filter 
14,  the  discharge  lamp  lighting  equipment  is  capable  of 
eliminating  the  influence  of  the  pulsating  current  having 
a  frequency  m  such  a  range  as  to  light  the  fluorescent 
lamps.  Therefore,  a  simple  configuration  of  the  dis- 

50  charge  lamp  lighting  equipment  according  to  the  inven- 
tion  is  capable  of  accurately  detecting  a  discharge  from 
the  fluorescent  lamp  FL1  and/or  the  fluorescent  lamp 
FL2. 
[0051]  Next,  other  embodiments  of  the  invention  are 

55  explained  hereunder,  referring  to  the  drawings. 
[0052]  Fig.  7  is  an  exploded  perspective  of  a  illuminat- 
ing  system.  The  illuminating  system  shown  in  Fig.  7  has 
a  configuration  similar  to  that  of  the  illuminating  system 
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shown  in  Fig.  2  except  that  the  discharge  lamps  of  a  hot 
cathode  type  consist  of  three  annular  fluorescent  lamps 
that  are  of  the  slender  tube  type  having  a  tube  diameter 
of  not  more  than  21  mm  and  held  in  the  state  where  they 
are  concentrically  arranged.  The  three  lamps  have  dif-  5 
ferent  outer  ring  diameters  and  output  powers.  For 
example,  they  may  consist  of  a  20W  fluorescent  lamp 
FL1  ,  a  27W  fluorescent  lamp  FL2  and  a  34W  fluores- 
cent  lamp  FL3.  As  these  fluorescent  lamps 
FL1  ,FL2,FL3  are  of  a  slender  tube  type  and  have  to  be  w 
handled  with  care,  they  are  supported  by  holders  which 
are  not  shown  in  the  drawing.  A  circular  opening  21  is 
formed  at  the  center  of  the  main  body  1  ,  and  a  reflection 
cover  22  is  placed  at  a  location  corresponding  to  the 
opening  21  .  Although  there  are  no  limitation  in  the  diam-  75 
eter  of  the  tube  of  each  lamp  other  than  it  should  not 
exceed  21  mm,  a  lamp  having  a  tube  diameter  of  less 
than  15  mm  is  not  practical,  because  it  is  weak  and 
requires  excessive  care  when  being  handled.  There- 
fore,  in  actual  use,  the  lamps  may  desirably  have  a  tube  20 
diameter  of  15  mm  or  more.  None  of  the  fluorescent 
lamps  FL1,FL2,FL3  is  provided  with  a  ring  for  prevent- 
ing  the  blackening. 
[0053]  Fig.  8  is  a  circuit  diagram  of  a  discharge  lamp 
lighting  equipment.  The  discharge  lamp  lighting  equip-  25 
ment  31  shown  in  Fig.  8  includes  a  power  input  circuit 
33  comprising  a  50Hz/60Hz  commercial  AC  power 
source  e  having  a  source  voltage  of  1  00  V  and  a  full- 
wave  rectifying  circuit  32  connected  to  the  commercial 
AC  power  source  e.  A  filter  circuit  may  be  connected  to  30 
the  input  end  of  the  full-wave  rectifying  circuit  32,  in 
other  words  the  end  where  the  commercial  AC  power 
source  e  is  located. 
[0054]  An  inverter  unit  34-|  for  the  fluorescent  lamp 
FL1  ,  an  inverter  unit  342  for  the  fluorescent  lamp  FL2  35 
and  an  inverter  unit  343  for  the  fluorescent  lamp  FL3  are 
connected  to  the  power  input  circuit  33.  These  inverter 
units  34i,342,343  are  connected  in  parallel  with  one 
another  and  share  the  power  input  circuit  33. 
[0055]  The  inverter  units  34i,342,343  are  formed  as  40 
composite  devices,  each  of  which  has  a  capacity  of  out- 
put  at  45kHz  and  includes  a  low-distortion  circuit 
35i/352/353  for  reducing  high  harmonics  and  a  reactive 
power  recycling  inverter  circuit  36-|/362/363,  which  may 
be  of  a  1  -crystal  type.  45 
[0056]  The  low-distortion  circuits  35-|,352,353  are 
practically  identical  in  configuration;  each  comprises  a 
series  circuit  consisting  of  a  choke  coil  L1  1  serving  as 
an  inductor  element,  a  diode  D1  1  for  rectifying  a  current 
and  a  first  condenser  C1  1  ,  a  second  condenser  C1  2,  a  so 
choke  coil  L1  2  serving  as  another  inductor  element,  and 
a  smoothing  condenser  C13,  wherein  the  series  circuit 
of  the  choke  coil  L1  1  ,  the  diode  D1  1  and  the  first  con- 
denser  C1  1  is  connected  to  a  point  between  the  output 
terminals  of  the  full-wave  rectifying  circuit  32;  the  sec-  ss 
ond  condenser  C12,  too,  is  connected  to  the  full-wave 
rectifying  circuit  32  via  the  choke  coil  L1  1  ,  the  second 
condenser  C12  being  disposed  at  a  location  closer  to 

the  input  end  of  the  low-distortion  circuit  than  is  the  first 
condenser  C11;  and  the  choke  coil  L12  and  the  con- 
denser  C13  are  connected  in  parallel  with  the  first  con- 
denser  C1  1  .  The  first  condenser  C1  1  has  a  relatively 
small  capacity  so  as  to  present  virtually  no  function  of 
smoothing  low  frequency  waves,  which  correspond  to 
the  frequency  of  the  commercial  AC  power  source  e. 
The  second  condenser  C12  serves  to  improve  the 
power  factor  and  has  a  capacity  substantially  larger 
than  that  of  the  first  condenser  C1  1  . 
[0057]  The  inverter  circuits  36i  ,362,363,  too,  are  prac- 
tically  identical  in  configuration  and  adapted  to  respec- 
tively  light  the  fluorescent  lamps  FL1,FL2,FL3  at  the 
same  frequency.  Each  inverter  circuit  includes  &  transis- 
tor  Q1  1  ,  which  serves  as  a  switching  element,  and  a 
discharge  detecting  circuit  (not  shown)  serving  as  a  dis- 
charge  detecting  means.  Each  transistor  Q1  1  may  be  of 
a  1  -crystal  type  that  calls  for  recycling  the  current 
through  a  current  transformer. 
[0058]  Each  inverter  circuit  36-|/362/363  is  connected 
to  the  filaments  FL1a,FL1b/FL2a,FL2b/FL3a,FL3b  of 
the  fluorescent  lamp  FL1/FL2/FL3  via  a  DC  output  line 
38,  which  does  not  interrupt  a  direct  current,  and  a  DC 
interrupting  line  39  that  is  connected  to  the  circuit 
through  a  condenser  (not  shown)  adapted  to  shut  a 
direct  current. 
[0059]  Next,  how  the  discharge  lamp  lighting  equip- 
ment  31  is  mounted  is  explained,  referring  to  Fig.  9. 
[0060]  Fig.  9  is  a  schematic  top  view  of  a  circuit  base 
on  which  a  discharge  lamp  lighting  equipment  is 
mounted.  As  shown  in  Fig.  9,  a  circuit  base  41  having  a 
shape  resembling  a  U  that  fits  the  main  body  1  and  the 
opening  21  is  attached  to  the  upper  surface  of  the  main 
body  1  .  Circuit  components  respectively  constituting  the 
power  input  circuit  33  and  the  inverter  sits  341,342,343 
are  mounted  on  the  circuit  base  41  in  the  state  where 
they  are  separated  into  blocks  B1,B2,B3,B4  and 
arranged  on  the  circuit  base  in  this  order. 
[0061  ]  Aluminum  heat  sinks  42,43  protruding  towards 
the  opening  21  and  serving  as  heat  sinking  plates  are 
disposed  near  the  opening  21  of  the  main  body  1,  the 
heat  sinks  42,43  respectively  located  at  two  of  the  bor- 
ders  between  the  blocks  B1  ,B2,B3,B4  of  the  circuit  base 
41,  and  attached  to  the  main  body  1  in  the  state  where 
they  are  grounded  to  the  main  body.  A  heat-emitting  ele- 
ment  44  of  the  power  input  circuit  33  and  transistors  Q1 
of  the  inverter  units  34!  ,342,343  are  attached  to  the  heat 
sinks  42,43.  Therefore,  when  the  heat-emitting  element 
44  and  the  transistors  Q1  generate  heat,  the  heat  is 
radiated  by  the  heat  sinks  42,43.  Inside  the  main  body 
1  ,  the  temperature  is  considered  to  be  lowest  near  the 
opening  21  .  Therefore,  the  heat  sinks  42,43  are  capable 
of  effectively  discharging  heat  and,  as  a  result,  limiting 
increase  of  temperature  of  the  heat-emitting  element  44 
and  the  transistors  Q1  as  well  as  limiting  mutual  interfer- 
ence  among  the  heat-emitting  element  44  and  the  tran- 
sistors  Q1  ,  which  may  otherwise  be  caused  by  the  heat. 
[0062]  Even  in  cases  where  the  inverter  units 
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34i,342,343  individually  and  therefore  tend  to  interfere 
with  one  another,  the  influence  of  the  interference  is  lim- 
ited  to  a  minimum,  because  they  are  mounted  on  the 
circuit  base  41  in  the  state  where  they  are  separated 
into  the  blocks  B2,B3,B4  respectively.  Although  the 
heat-emitting  elements  44  and  the  transistor  Q1 
mounted  on  the  circuit  base  are  respectively  positioned 
inside  the  blocks  B1  ,B2,B3,B4,  in  other  words  located  to 
one  side  with  respect  to  the  center,  wiring  can  be  done 
easily. 
[0063]  Next,  the  function  of  the  embodiment  described 
above  is  explained. 
[0064]  First,  full-wave  rectification  of  the  AC  voltage 
from  the  commercial  AC  power  source  e  is  conducted 
by  the  full-wave  rectifying  circuit  32,  and  the  distortion  is 
reduced  by  reducing  high  harmonics  by  means  of  the 
low-distortion  circuits  35i,352,353. 
[0065]  To  be  more  specific,  by  using  a  high  frequency 
current  generated  by  each  inverter  circuit  36-|/362/363,  a 
high  frequency  ripple  voltage  is  generated  on  the  corre- 
sponding  first  condenser  C1  1  through  series  resonance 
of  the  first  condenser  C1  1  with  the  choke  coil  L12  so  as 
to  cause  the  diode  D1  1  to  perform  the  switching  func- 
tion  at  a  high  frequency  and  thereby  improve  the  power 
factor.  Meanwhile,  the  current  is  smoothed  by  the  con- 
denser  C3  throughout  the  entire  flowing  period  of  the 
input  current.  Given  that  the  voltage  on  both  ends  of 
each  first  condenser  C1  1  is  VC1  1  and  that  the  voltage 
on  both  ends  of  the  corresponding  second  condenser 
C12  is  VC12,  the  high  frequency  ripple  voltage  of  the 
voltage  VC11  causes  the  rectifying  diode  D11  to  per- 
form  the  switching  function.  Given  that  the  capacities  of 
the  first  condenser  C1  1  and  the  second  condenser  C12 
are  CC11  and  CC12  respectively,  the  relationship 
between  the  two  condensers  is  represented  by  CC1  1  « 
CC12,  which  means  that  no  actual  problem  would  arise 
if  the  voltage  VC12  on  the  second  condenser  C12  is 
considered  to  be  equal  to  the  voltage  on  the  power  input 
circuit  33.  Therefore,  the  voltage  VC  12  shall  be 
regarded  as  equal  to  the  voltage  on  the  power  input  cir- 
cuit  33. 
[0066]  In  the  period  where  the  voltage  VC12  on  the 
second  condenser  C1  2  connected  to  one  of  the  inverter 
circuits  36-|/362/363  is  equal  to  the  voltage  VC1  1  of  the 
first  condenser  C11  associated  therewith,  in  other 
words  in  the  period  where  a  diode  D11  is  in  the  'on' 
state,  the  current  flows  from  the  full-wave  rectifying  cir- 
cuit  32  to  the  inverter  circuit  36-|/362/363.  Therefore, 
even  in  the  so-called  trough  portion,  i.e.  the  portion 
where  the  input  voltage  is  low,  of  a  waveform  after  full- 
wave  rectification,  the  current  flows  when  the  diode  D1  1 
is  turned  on.  Thus,  the  power  factor  is  improved. 
[0067]  In  the  period  where  the  voltage  VC12  is  lower 
than  the  voltage  VC11,  in  other  words  in  the  period 
where  the  diode  D11  connected  to  one  of  the  inverter 
circuits  36-|/362/363  is  in  the  'off'  state,  there  is  no  flow  of 
current  from  the  full-wave  rectifying  circuit  32  to  the 
inverter  circuit  36-|/362/363.  Therefore,  if  the  duration  of 

the  'on'  state  of  the  diode  D11  is  reduced  in  the  so- 
called  crest  portion,  i.e.  the  portion  where  the  input  volt- 
age  is  high,  of  a  waveform  after  full-wave  rectification, 
the  peak  current  to  the  condenser  C13  is  limited.  In 

5  short,  if  the  period  where  the  voltage  VC1  2  is  lower  than 
the  voltage  VC  1  1  is  lengthened,  distortion  in  the  input 
current  can  be  reduced. 
[0068]  By  setting  a  sufficiently  small  capacity  for  a  first 
condenser  C1  1  and  causing  series  resonance  of  the 

10  first  condenser  C1  1  with  the  corresponding  choke  coil 
L12  to  generate  high  frequency  ripples,  and  thus 
repeating  increase  and  reduction  of  its  voltage  VC1  1  , 
periods  where  the  voltage  VC12  is  lower  than  the  volt- 
age  VC1  1  and  periods  where  the  voltage  VC12  is  equal 

is  to  the  voltage  VC11  are  formed  so  that  the  voltage 
VC1  1  is  increased  by  recycling  of  a  reactive  power  from 
the  inverter  circuit  36-|/362/363  and  reduced  as  a  result 
of  the  power  returning  to  the  inverter  circuit  36-|/362/363. 
As  the  high  frequency  impedance  of  the  choke  coil  L12 

20  is  substantially  larger  than  that  of  the  first  condenser 
C11,  the  reactive  power  from  the  inverter  circuit 
36-|/362/363  is  recycled  to  the  first  condenser  C1  1  so 
that  the  voltage  on  the  first  condenser  C1  1  is  increased. 
As  there  is  also  the  voltage  that  has  been  charged  from 

25  the  condenser  C13  through  the  choke  coil  L12  onto  the 
first  condenser  C1  1  ,  the  voltage  on  the  first  condenser 
C1  1  is  further  increased  by  the  amount  corresponding 
to  the  charged  voltage.  In  contrast,  when  the  current 
resulting  from  the  charge  of  the  voltage  VC1  1  flows  to 

30  the  inverter  circuit  36-|/362/363  acting  as  a  load,  the  volt- 
age  VC11  is  reduced.  When  the  voltage  VC11  is 
reduced  to  the  same  level  as  the  voltage  VC12,  i.e. 
VC1  1  =  VC12,  the  diode  D1  1  is  turned  on,  and  the  cur- 
rent  flows  from  the  full-wave  rectifying  circuit  32  to  the 

35  inverter  circuit  36-|/362/363. 
[0069]  Thus,  the  longer  the  period  VC1  2  <  VC1  1  in  a 
portion  where  the  crest  value  of  an  input  voltage  on  the 
power  input  circuit  33,  in  other  words  the  lower  the  on- 
duty  of  the  diode  D1  1  ,  the  more  limited  the  charge  cur- 

40  rent  flowing  into  the  condenser  C1  3.  In  order  to  perform 
this  function,  whether  the  duration  of  the  'off  state  of  the 
diode  D1  1  can  be  made  sufficiently  long  is  an  important 
factor,  because  the  increase  of  the  voltage  on  the  first 
condenser  C11  for  that  purpose  depends  on  charge 

45  from  the  choke  coil  L1  2  and  the  condenser  C1  3  onto  the 
first  condenser  C1  1  and  also  depends  on  recovery  of 
the  reactive  power  of  the  first  condenser  C1  1  from  the 
inverter  circuit  36-|/362/363  for  regeneration  of  power. 
[0070]  Each  inverter  circuit  36-|/362/363  is  designed 

so  such  that  the  lighting  frequency  for  the  fluorescent  lamp 
FL1/FL2/FL3  is  changed  by  changing  the  on-off  fre- 
quency  for  the  transistor  Q1  1  ;  the  voltage  applied  to  the 
fluorescent  lamp  FL1/FL2/FL3  is  reduced  by  increasing 
the  on-off  frequency  of  the  transistor  Q11,  and 

55  increased  by  reducing  the  on-off  frequency  of  the  tran- 
sistor  Q1  1  . 
[0071  ]  Sharing  the  power  input  circuit  33,  the  compos- 
ite-type  inverter  units  341,342,343  respectively  light  the 
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fluorescent  lamps  FL1  ,FL2,FL3  by  using  the  low-distor- 
tion  circuits  35i  ,352,353  in  the  state  where  they  are  con- 
nected  in  parallel  with  one  another,  the  low-distortion 
circuits  35i  ,352,353  respectively  disposed  in  front  of  the 
inverter  circuits  36-|,362,363. 
[0072]  The  respective  circuit  constants  of  the  inverter 
circuits  36-|,362,363  are  set  such  that  the  differences 
among  the  frequencies  of  the  inverter  units  34.,  ,342,343 
are  zero,  in  other  words,  the  frequencies  for  lighting  the 
respective  lamps  are  identical. 
[0073]  By  unifying  the  frequencies  of  the  inverter  cir- 
cuits  36i  ,362,363  as  described  above,  generation  of  dis- 
agreeable  beat  noises,  which  may  otherwise  be 
generated  as  a  result  of  differences  among  frequencies, 
is  prevent.  Should  the  inverter  circuits  361,362,363  be 
set  to  have  different  lighting  frequencies,  the  differences 
among  their  frequencies  appear  as  differences  in  the 
frequencies  of  the  respective  diodes  D11,  which  are 
switched  at  the  corresponding  lighting  frequencies.  This 
causes  differences  in  currents  that  are  input  to  the 
inverter  circuits  361,362,363;  for  example,  while  a  great 
amount  of  current  may  flow  through  one  of  the  diodes 
D11  to  the  corresponding  inverter  circuit  36-|/362/363, 
the  amount  of  the  current  flowing  through  another  diode 
D11  to  the  corresponding  inverter  circuit  36-|/362/363 
may  be  relatively  small.  As  such  a  difference  in  condi- 
tions,  i.e.  an  influence  of  the  difference  in  frequencies, 
causes  oscillation  through  the  power  input  circuit  33, 
which  is  shared  by  all  the  low-distortion  circuits 
35-|,352,353,  beat  noises  are  generated  and  emitted  to 
the  outside. 
[0074]  In  the  preheating  stage,  which  is  conducted 
prior  to  the  lighting  of  each  fluorescent  lamp 
FL1/FL2/FL3  by  using  arc  discharge,  a  discharge 
breakdown  voltage  that  is  not  high  enough  to  damage 
its  filaments  FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b  is  con- 
tinuously  applied  to  the  filaments  to  initiate  glow  dis- 
charge,  which  is  a  form  of  microdischarge.  After  the 
glow  current  acting  as  the  preheating  current  is  thus  fed 
into  the  filaments  FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b  so 
that  the  filaments  emit  glow-light,  the  discharge  mode  is 
shifted  to  the  arc  discharge. 
[0075]  In  cases  where  the  voltage  applied  between 
each  pair  of  the  filaments 
FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b  is  at  a  preset  level, 
the  fluorescent  lamp  FL1/FL2/FL3  continues  the  glow 
discharge.  If  the  voltage  becomes  too  high,  however, 
the  fluorescent  lamp  FL1/FL2/FL3  shifts  to  the  arc  dis- 
charge  mode  so  that  the  actual  lighting  stage  starts. 
Should  arc  discharge  begin  before  the  filaments 
FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b  are  sufficiently 
warmed  up,  there  arises  the  danger  of  damage  to  the  fil- 
aments  FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b.  On  the 
other  hand,  in  cases  where  the  amount  of  the 
glow  current  that  flows  into  the  filaments 
FL1  a,  FL1  b/FL2a,  FL2b/FL3a,  FL3b  as  a  result  of  the 
glow  discharge  is  insufficient,  the  amount  of  the 
light  emitted  by  the  phosphors  is  too  small  to 

cancel  the  red  color  of  the  filaments 
FL1a,FL1b/FL2a,FL2b/FL3a,FL3b.  For  this  reason,  it  is 
important  to  appropriately  continue  the  microdischarge 
at  a  current  level  corresponding  to  the  glow  discharge 

5  before  shifting  the  mode  to  the  arc  discharge.  Accord- 
ingly,  the  duration  of  preheating  (to  be  more  specific  the 
values  of  breakdown  voltages,  i.e.  voltages  applied  to 
maintain  the  glow  discharge  that  starts  at  the  initiation 
of  preheating,  and  the  respective  lengths  of  time  for 

10  application  of  such  voltages)  are  sequentially  set 
beforehand. 
[0076]  Therefore,  even  in  cases  where  lamps  that  are 
of  the  slender  tube  type  and  have  no  rings  around  the 
filaments  FL1  a,  FL1  b,  FL2a,  FL2b,  FL3a,  FL3b  are  used 

15  as  the  fluorescent  lamps  FL1,FL2,FL3,  the  red  color 
generated  by  the  heating  up  of  the  filaments 
FL1a,FL1b,FL2a,FL2b,FL3a,FL3b  during  the  preheat- 
ing  process  is  not  conspicuous  when  viewed  from  the 
outside. 

20  [0077]  Next,  yet  another  embodiment  is  explained, 
referring  to  Fig.  10. 
[0078]  Fig.  10  is  a  circuit  diagram  principally  illustrat- 
ing  a  single  inverter  unit.  To  be  more  specific,  it  illus- 
trates  only  the  inverter  unit  34-|  ,  which  is  one  of  the  three 

25  inverter  units  34-|  ,342,343  shown  in  Fig.  8,  and  omits  the 
other  inverter  units  342,343.  In  Fig.  10,  elements  and 
portions  corresponding  to  those  shown  in  Fig.  8  are  rep- 
resented  by  the  same  reference  numerals  as  those  in 
Fig.  8. 

30  [0079]  A  filter  circuit  52  is  connected  to  a  commercial 
AC  power  source  e  via  terminal  blocks  50,51  and  a  fuse 
F.  The  filter  circuit  52  includes  a  constant-voltage  ele- 
ment  Z1  ,  a  condenser  C21  and  a  transformer  Trl1  .  Con- 
nected  to  the  filter  circuit  52  is  an  input  terminal  of  a  full- 

35  wave  rectifying  circuit  32,  which  comprises  four  diodes 
D21,D22,D23,D24  arranged  in  the  form  of  a  bridge.  A 
constant-voltage  element  Z2  and  a  condenser  C22  are 
connected  to  a  point  between  the  output  terminals  of 
the  full-wave  rectifying  circuit  32.  A  power-input  circuit 

40  33  is  principally  formed  of  the  commercial  AC  power 
source  e,  the  filter  circuit  52  and  the  full-wave  rectifying 
circuit  32  described  above. 
[0080]  The  aforementioned  inverter  unit  34-|  is  con- 
nected  to  the  power  input  circuit  33.  The  inverter  unit 

45  34-|  is  of  a  composite  type  having  a  full-smoothing  type 
low-distortion  circuits  35i  ,  which  is  provided  in  order  to 
deal  with  the  problem  of  high  harmonics,  and  an  inverter 
circuit  36i  of  a  reactive-power  recovering  type.  The 
inverter  circuit  36i  ,  may  be  of  a  1  -crystal  type. 

so  [0081  ]  The  low-distortion  circuits  35-|  includes  a  series 
circuit  consisting  of  a  choke  coil  L1  1  serving  as  an 
inductor  element,  a  current-rectifying  diode  D11  and  a 
first  condenser  C1  1  .  The  low-distortion  circuits  35i  is 
also  includes  a  second  condenser  C12,  a  choke  coil 

55  L1  2  serving  as  another  inductor  element,  and  a  smooth- 
ing  condenser  C13.  The  series  circuit  of  the  choke  coil 
L1  1  ,  the  diode  D1  1  and  the  first  condenser  C1  1  is  con- 
nected  to  a  point  between  the  output  terminals  of  the 
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full-wave  rectifying  circuit  32;  the  second  condenser 
C12  is  disposed  at  a  location  closer  to  the  input  end  of 
the  low-distortion  circuit  and  also  connected  to  the  full- 
wave  rectifying  circuit  32  via  the  choke  coil  L1  1  ;  and  the 
choke  coil  L12  and  the  condenser  C13  are  connected  in 
parallel  with  the  first  condenser  C11.  The  first  con- 
dense,  C11  has  a  relatively  small  capacity  so  as  to 
present  virtually  no  function  of  smoothing  low  frequency 
waves,  which  correspond  to  the  frequency  of  the  com- 
mercial  AC  power  source  e.  The  second  condenser  C12 
functions  to  improve  the  power  factor  and  designed  to 
have  a  capacity  substantially  larger  than  that  of  the  first 
condenser  C1  1  . 
[0082]  The  inverter  circuit  36-|  is  provided  with  a  series 
resonance  circuit  53,  which  is  comprised  of  a  series  cir- 
cuit  consisting  of  a  resonance  inductor  L21  and  a  reso- 
nance  condense,  C25  and  connected  in  parallel  with  the 
first  condense,  C11.  A  transistor  Q11  serving  as  a 
switching  element  and  a  diode  D25  for  circulating  cur- 
rent  are  connected  in  parallel  with  the  condenser  C25.  A 
series  circuit  consisting  of  a  diode  26  and  a  condenser 
C26  is  connected  to  a  point  between  a  junction  point 
where  the  inductor  L21  and  the  transistor  Q1  1  are  con- 
nected  and  a  junction  point  where  the  choke  coil  L12 
and  the  condenser  C13  are  connected.  A  series  circuit 
consisting  of  a  resistor  R21  ,  a  resistor  R22  and  a  resis- 
tor  R23  is  connected  in  parallel  with  the  condenser  C26. 
[0083]  A  series  circuit  consisting  of  a  resistor  R24,  a 
condense,  C27  and  a  resistor  R25  is  connected  in  par- 
allel  with  the  condenser  C12,  with  a  junction  point 
between  the  resistor  R24  and  the  condense,  C27  being 
connected  to  the  base  of  the  transistor  Q1  1  via  a  trigger 
element  Q21. 
[0084]  An  end  of  the  inductor  L21  is  connected  to  a 
terminal  54  via  a  DC  output  line  38,  and  a  junction  point 
between  the  resistor  R24  and  the  trigger  element  Q21  is 
also  connected  to  the  terminal  54  via  a  diode  D27  of  a 
DC  interrupting  line  39,  an  input  winding  CT11a  of  a 
current  transformer  CT1  1  ,  a  condenser  C28  for  inter- 
rupting  direct  current,  and  a  ballast  choke  L25.  An  end 
of  each  one  of  the  two  filaments  FL1a,FL1b  of  the  fluo- 
rescent  lamp  FL1  is  connected  to  the  terminal  54,  while 
the  other  end  of  each  filament  FL1a/FL1b  is  connected 
to  a  start-up  condenser  C29  via  the  terminal  54. 
[0085]  A  series  circuit  of  a  diode  D31  and  a  resistor 
R26  is  connected  to  a  point  between  the  base  and  the 
emitter  of  the  transistor  Q1  1.  A  series  circuit  of  an  out- 
put  winding  CT1  1b  of  the  current  transformer  CT1  1  ,  a 
condenser  C32  and  a  field-effect  transistor  Q22  is  also 
connected  to  a  point  between  the  base  and  the  emitter 
of  the  transistor  Q1  1  .  A  series  circuit  of  a  condense, 
C33  and  a  condense,  C34  is  also  connected  to  a  point 
between  the  base  and  the  emitter  of  the  transistor  Q1  1  . 
A  junction  point  between  the  condense,  C33  and  the 
condense,  C34  is  connected  to  the  base  of  a  transistor 
Q23.  A  diode  D35  is  connected  to  a  point  between  the 
base  and  the  emitter  of  the  transistor  Q23,  while  the  col- 
lector  is  connected  to  the  transistor  Q1  1  via  a  diode 

D36.  The  drain  and  the  source  of  a  field-effect  transistor 
Q24  are  connected  to  a  point  between  the  collector  and 
the  emitter  of  the  transistor  Q23.  A  series  circuit  of  a 
resistor  R27  and  a  Zener  diode  ZD1  1  is  also  connected 

5  to  a  point  between  the  collector  and  the  emitter  of  the 
transistor  Q23,  in  parallel  with  the  C13.  The  gate  of  the 
field-effect  transistor  Q24  is  connected  to  a  junction 
point  between  the  resistor  R27  and  the  Zener  diode 
ZD11. 

10  [0086]  Via  a  resistor  R31  and  a  resistor  R32,  the  DC 
interrupting  line  39  is  connected  to  a  series  circuit  of  a 
condense,  C36  and  the  diode  D36.  With  a  series  circuit 
of  a  diode  D37  and  a  condenser  C37  connected  to  the 
diode  D36,  these  components  constitute  an  AC  voltage- 

15  detecting  element  55. 
[0087]  A  first  DC  voltage-detecting  element  56  com- 
prises  a  series  circuit  of  a  resistor  R34  and  a  resistor 
R35,  and  a  condenser  C38  that  is  connected  in  parallel 
with  the  resistor  R35.  A  DC  voltage-detecting  element 

20  57  to  be  used  for  dimming  is  comprised  of  a  series  cir- 
cuit  of  a  resistor  R36,  a  resistor  R37,  a  variable  resistor 
R38  and  a  resistor  R39,  and  a  condense,  C39,  which  is 
connected  in  parallel  with  the  resistor  R36,  the  resistor 
R37,  the  variable  resistor  R38  and  the  resistor  R39. 

25  [0088]  Furthermore,  a  DC  voltage-detecting  element 
58  to  be  used  during  full-intensity  illumination  com- 
prises  a  series  circuit  of  a  resistor  R41  ,  a  resistor  R42, 
a  resistor  R43,  a  resistor  R44  and  a  Zener  diode  ZD12 
that  serves  as  a  changeover  means  for  changing  disre- 

30  gard  levels  depending  on  whether  the  current  mode  is 
the  dimming  mode  or  the  full-intensity  illumination. 
[0089]  A  second  DC  voltage-detecting  element  59  is 
formed  by  connecting  a  series  circuit  of  a  resistor  R48 
and  a  resistor  R49  through  a  series  circuit  of  a  resistor 

35  R45,  a  resistor  R46,  a  resistor  R47  and  the  filament 
FL1a  of  the  fluorescent  lamp  FL1  to  the  DC  output  line 
38,  and  connecting  a  condense,  C40  in  parallel  to  the 
resistor  49. 
[0090]  The  embodiment  includes  a  terminal  61  ,  which 

40  is  connected  to  the  commercial  AC  power  source  e  via 
a  jumper  line  62,  an  all-night  lamp  63  and  a  fuse  F. 
[0091  ]  Also  included  is  a  mode  changeover  terminal 
64,  which  has  a  dimming  terminal  element  (DIM),  an 
on/off  terminal  element  (ON/OFF)  and  a  ground  termi- 

45  nal  element  (GND).  The  dimming  terminal  element  is 
connected  to  the  jumper  line  62  via  the  resistor  R41  ;  a 
condenser  C42  is  connected  to  a  point  between  the 
on/off  terminal  element  and  the  ground  terminal  ele- 
ment;  the  condenser  C42  and  a  condenser  C43  are 

so  connected  in  parallel  with  each  other  to  a  point  between 
the  dimming  terminal  element  and  the  ground  terminal 
element;  a  series  circuit  of  a  resistor  R52  and  a  resistor 
R53  is  connected  in  parallel  with  the  condense,  C43; 
the  base  of  a  transistor  Q26  is  connected  to  a  junction 

55  point  between  the  resistor  R52  and  the  resistor  R53;  the 
emitter  of  the  transistor  Q26  is  connected  to  the  ground 
terminal  element  of  the  terminal  64;  the  collector  is  con- 
nected  to  the  base  of  a  transistor  Q27;  the  base  of  said 
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transistor  Q27  is  connected  to  a  junction  point  between 
a  resistor  R54  and  a  resistor  R55;  and  the  resistor  R54 
is  connected  to  the  dimming  terminal  of  the  terminal  64 
via  a  resistor  R56  and  a  diode  D41  . 
[0092]  A  series  circuit  of  a  programmable  unijunction 
transistor  Q28  and  a  resistor  R57  is  connected  via  the 
diode  D41  to  a  point  between  the  on/off  terminal  ele- 
ment  and  the  ground  terminal  element  of  the  terminal 
64;  a  parallel  circuit  of  a  condenser  C44  and  a  resistor 
R58  is  connected  to  a  point  between  the  cathode  and 
the  gate  of  the  programmable  unijunction  transistor 
Q28;  the  gate  of  the  programmable  unijunction  transis- 
tor  Q28  is  connected  to  the  collector  of  a  transistor  Q29 
via  a  resistor  R59;  the  emitter  of  the  transistor  Q29  is 
connected  to  the  ground  terminal  of  the  terminal  64;  a 
parallel  circuit  of  a  condense,  C45  and  a  resistor  R61  is 
connected  to  a  point  between  the  base  and  the  emitter 
of  the  transistor  Q29;  a  series  circuit  of  a  resistor  R62 
and  a  Zener  diode  ZD  1  3  is  connected  to  the  base  of  the 
transistor  Q29;  and  a  condenser  C46  is  also  connected 
to  the  base  of  the  transistor  Q29,  in  parallel  with  a  series 
circuit  of  the  Zener  diode  ZD  13,  the  resistor  R62  and 
the  resistor  R61  .  A  junction  point  between  the  Zener 
diode  ZD  13  and  the  condenser  C46  is  connected  via 
the  diode  D42  to  a  junction  point  between  the  resistor 
R34  and  the  resistor  R35;  a  junction  point  between  the 
Zener  diode  ZD  13  and  the  diode  D42  is  connected  to 
the  collector  of  a  transistor  Q31  ;  and  the  base  of  the 
transistor  Q31  is  connected  via  a  diode  D43  to  a  junc- 
tion  point  between  the  resistor  R34  and  the  resistor 
R35.  Thus,  a  life-span  end  detecting  circuit  65  is 
formed. 
[0093]  A  condenser  C47  is  connected  to  a  point 
between  the  ground  terminal  element  of  the  terminal  64 
and  a  junction  point  where  the  diode  D41  and  the  resis- 
tor  R56  are  connected.  Another  junction  point  between 
the  diode  D41  and  the  resistor  R56  is  connected  to  the 
gate  of  the  field-effect  transistor  Q22  via  a  resistor  R65 
and  also  to  the  negative  electrode  of  the  full-wave  recti- 
fying  circuit  32  via  a  condense,  C48.  Yet  another  junc- 
tion  point  between  the  diode  D41  and  the  resistor  R56  is 
connected  to  the  base  of  the  transistor  Q31  via  a  resis- 
tor  R66,  and  a  parallel  circuit  of  a  resistor  R67  and  a 
condenser  C51  is  connected  to  the  base  and  the  emitter 
of  the  transistor  Q31. 
[0094]  A  condenser  C52  and  a  series  circuit  which 
consists  of  a  Zener  diode  ZD  15  and  a  Zener  diode 
ZD  16  and  serves  as  a  reference  power  source  are  con- 
nected  in  parallel  to  the  condense,  C47  via  the  resistor 
R56,  wherein  the  condenser  C52  and  the  series  circuit 
of  the  Zener  diodes  ZD15.ZD16  are  arranged  and  con- 
nected  in  parallel  to  each  other.  A  resistor  R71  is  con- 
nected  to  a  point  between  the  resistor  R56  and  the 
Zener  diode  ZD13. 
[0095]  A  series  circuit  of  a  resistor  R72  and  a  resistor 
R73  is  connected  in  parallel  with  the  condense,  C47;  a 
condenser  C53  is  connected  in  parallel  with  the  resistor 
R73;  a  series  circuit  of  a  resistor  R74  and  a  condenser 

C54  is  connected  in  parallel  with  the  condenser  C52; 
the  base  of  a  transistor  Q32  is  connected  to  a  junction 
point  between  the  resistor  R72  and  the  resistor  R73;  the 
collector  of  the  transistor  Q32  is  connected  to  a  junction 

5  point  between  the  resistor  R74  and  the  condense,  C54; 
and  the  emitter  of  the  transistor  Q32  is  connected  to  the 
ground  terminal  element  of  the  terminal  64. 
[0096]  Furthermore,  a  series  circuit  of  a  condenser 
C55  and  a  condense,  C56  is  connected  in  parallel  with 

10  the  condense,  C52;  the  diode  D41  is  connected  in  par- 
allel  with  the  condense,  C55;  and  a  resistor  R76  is  con- 
nected  in  parallel  with  the  condenser  C56.  The  base  of 
a  transistor  Q33  is  connected  to  a  junction  point 
between  the  condense,  C55  and  the  condenser  C56; 

15  the  emitter  of  the  transistor  Q33  is  connected  to  the 
resistor  R56  via  a  resistor  R77  and  also  to  a  junction 
point  between  the  resistor  R47  and  the  resistor  R48; 
and  the  collector  is  connected  to  the  ground  terminal 
element  of  the  terminal  64  via  a  resistor  R78  and  the 

20  diode  D42. 
[0097]  A  junction  point  between  the  diode  D37  and  the 
condense,  C37  is  connected  to  the  base  of  the  transis- 
tor  Q33  via  the  diode  D43  and  a  Zener  diode  ZD17;  a 
series  circuit  of  a  diode  D44  and  a  condense,  C57  is 

25  also  connected,  in  parallel  with  the  resistor  R76,  to  the 
base  of  the  transistor  Q33;  and  a  condenser  C58  is  also 
connected  to  the  base  of  the  transistor  Q33  in  parallel 
with  the  condense,  C57.  The  condense,  C58  is  also 
connected  to  the  variable  resistor  R38  and  the  collector 

30  of  the  transistor  Q27. 
[0098]  The  base  of  the  transistor  Q33  is  also  con- 
nected  via  a  diode  D45  to  the  variable  resistor  R42.  The 
diode  D43,  the  diode  D44  and  the  diode  D45  constitute 
an  OR  circuit  adapted  to  detect  the  respective  disregard 

35  levels  in  the  dimming  mode,  the  full-intensity  illumina- 
tion  mode  and  the  preheating  mode,  wherein  the 
respective  disregard  levels  become  lower  in  descending 
order  of  the  preheating  mode,  the  dimming  mode  and 
the  full-intensity  illumination  mode,  and  the  disregard 

40  levels  are  respectively  given  priorities  in  descending 
order  so  that  the  highest  disregard  level,  i.e.  the  disre- 
gard  level  in  the  preheating  mode,  is  given  the  highest 
priority. 
[0099]  The  AC  voltage-detecting  element  55,  the  DC 

45  voltage-detecting  element  57  to  be  used  in  the  dimming 
mode  and  the  DC  voltage-detecting  element  58  to  be 
used  in  the  full-intensity  illumination  mode  constitute  a 
start-up  control  circuit  66. 
[01  00]  Next,  the  function  of  the  embodiment  shown  in 

so  Fig.  10  described  above  is  explained  hereunder.  The 
basic  function  of  the  present  embodiment  is  similar  to 
that  of  the  embodiment  shown  in  Fig.8. 
[01  01  ]  In  the  full-intensity  illumination  mode,  the  mode 
changeover  terminal  64  connects  its  dimming  terminal 

55  to  the  ground  terminal,  and  a  base  current  is  prevented 
from  being  fed  to  the  base  of  the  transistor  Q26.  The 
base  current  is  fed  to  the  base  of  the  transistor  Q27  to 
turn  on  the  transistor  Q27  so  that  the  current  bypasses 
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the  diode  D44,  thereby  nullifying  the  disregard  level 
detected  by  the  diode  D44. 
[0102]  When  the  source  power  is  input,  the  power 
charges  the  condenser  C44.  In  the  period  of  the  pre- 
heating  mode  until  the  voltage  on  the  condenser  C44 
reaches  a  given  level,  transistor  Q33  is  in  the  'on'  state 
so  that  the  Zener  diode  ZD12  of  the  DC  voltage-detect- 
ing  element  58  for  the  full-intensity  illumination  mode  is 
effectuated  and  that  the  disregard  level  to  be  detected 
by  the  variable  resistor  R42  corresponds  to  the  disre- 
gard  level  for  the  preheating  mode. 
[0103]  In  the  state  described  above,  the  inverter  circuit 
361  performs  a  given  oscillating  function  and  thereby 
applies  high-frequency  voltage  through  the  DC  output 
line  38  and  the  DC  interrupting  line  39  to  the  fluorescent 
lamp  FL1  .  As  no  voltage  is  applied  to  the  gate  of  the 
field-effect  transistor  Q22,  the  impedance  between  the 
source  and  the  drain  of  the  field-effect  transistor  Q22 
becomes  very  high.  As  the  condenser  C33  alone  is 
electrically  connected,  the  condense,  C32  being  not 
electrically  connected,  the  apparent  combined  capacity 
is  reduced  so  that  the  frequency  of  the  inverter  circuit 
increases  while  the  output  voltage  decreases.  There- 
fore,  the  inverter  circuit  36i  applies  a  voltage  equivalent 
to  the  discharge  breakdown  voltage  to  the  fluorescent 
lamp  FL1  and  cause  glow  discharge  between  the  fila- 
ments  FL1a,FL1b  of  the  fluorescent  lamp  FL1.  As  a 
result  of  this  glow  discharge,  a  preheating  current  flows 
between  the  filaments  FL1a,FL1b  of  the  fluorescent 
lamp  FL1  via  the  preheating  condenser  C29,  while  the 
glow  discharge  occurs  in  the  fluorescent  lamp  FL1. 
Although  the  filaments  FL1a,FL1b  of  the  fluorescent 
lamp  FL1  are  preheated  by  said  preheating  current  and 
become  reddish,  the  glow  discharge  causes  the  phos- 
phor  of  the  fluorescent  lamp  FL1  to  emit  light  and  thus 
cancels  the  red  color  and  make  it  inconspicuous  when 
viewed  from  the  outside.  Thus,  according  to  the  embod- 
iment  of  the  invention,  the  red  color  of  the  filaments 
FL1a,FL1b  is  not  conspicuous  when  viewed  from  the 
outside  and,  therefore,  is  prevented  from  giving  discom- 
fort  to  the  user. 
[01  04]  As  the  impedance  between  the  source  and  the 
drain  of  the  field-effect  transistor  Q22  of  the  inverter  cir- 
cuit  36-|  increases  due  to  the  decrease  in  the  gate  volt- 
age  of  the  field-effect  transistor  Q22,  the  combined 
capacity  of  the  condense,  C31  and  the  condense,  C32 
decreases  so  that  the  time  required  for  saturation  of  the 
current  transformer  CT1  1  is  reduced.  As  a  result,  the 
lighting  frequency  of  the  transistor  Q1  1  is  reduced,  and 
the  high-frequency  output  from  the  inverter  36-|  is 
reduced.  When  the  voltage  on  the  gate  of  the  field-effect 
transistor  Q22  increases,  the  impedance  between  the 
source  and  the  drain  of  the  field-effect  transistor  Q22  of 
the  inverter  circuit  36i  is  reduced,  and  the  combined 
capacity  of  the  condense,  C31  and  the  condense,  C32 
is  increased  so  that  the  time  required  for  saturation  of 
the  current  transformer  CT1  1  is  increased.  As  a  result, 
the  lighting  frequency  of  the  transistor  Q1  1  is  reduced, 

and  the  high-frequency  output  from  the  inverter  36-|  is 
increased. 
[0105]  Thereafter,  when  the  preheating  is  completed 
with  the  electric  potential  of  the  condenser  C54  reach- 

5  ing  a  given  level,  the  base  current  is  fed  to  the  base  of 
the  transistor  Q33,  thereby  turning  on  the  transistor  Q33 
and  short-circuiting  the  Zener  diode  ZD12.  As  a  result, 
the  disregard  level  of  the  DC  voltage-detecting  element 
58  for  the  full-intensity  illumination  mode  is  shifted  down 

10  to  the  disregard  level  for  full-intensity  illumination.  The 
gate  voltage  on  the  field-effect  transistor  Q22  may  be 
increased  by  increasing  the  base  current  fed  to  the  tran- 
sistor  Q33,  or  reduced  by  reducing  the  base  current  fed 
to  the  transistor  Q33.  Before  the  fluorescent  lamp  FL1 

15  starts  arc  discharge,  no  DC  component  flows  through 
the  DC  interrupting  line  39  so  that  the  disregard  level  is 
not  increased.  Therefore,  the  base  of  the  transistor  Q33 
is  controlled  based  on  detection  by  the  AC  voltage- 
detecting  element  55,  and  the  output  from  the  inverter 

20  circuit  361  is  controlled  in  such  a  way  that  a  secondary 
voltage  is  applied  to  a  point  between  the  filaments 
FL1a,FL1b  of  the  fluorescent  lamp  FL1  based  on  the 
detected  disregard  level. 
[01  06]  When  the  fluorescent  lamp  FL1  is  shifted  to  the 

25  arc  discharge  mode  and  lit  with  a  voltage  applied  as 
described  above,  the  voltage  on  the  fluorescent  lamp 
FL1  becomes  equivalent  to  the  resistance  so  that  the 
AC  component  is  eliminated.  The  elimination  of  the  AC 
component  is  detected  by  the  AC  voltage-detecting  ele- 

30  ment  55.  In  other  words,  the  control  mode  is  switched 
from  the  control  based  on  the  disregard  level  to  the  con- 
trol  of  the  lamp  voltage  based  on  the  disregard  level  for 
full-intensity  lighting,  wherein  the  base  of  the  transistor 
Q33  is  controlled  by  the  disregard  level  to  control  the 

35  gate  voltage  of  the  field-effect  transistor  Q22,  thereby 
changing  the  apparent  combined  capacity  of  the  con- 
denser  C21  and  the  condense,  C32  to  control  the  output 
from  the  inverter  circuit  36-|  . 
[0107]  In  the  dimming  mode,  the  transistor  Q27  is  in 

40  the  'off  state  so  that  the  disregard  level  for  the  dimming 
mode  is  effective.  As  the  disregard  level  for  the  dimming 
mode  is  higher  than  the  disregard  level  for  the  full-inten- 
sity  lighting  mode,  the  former  is  given  the  priority  in  con- 
trol  of  the  base  of  the  transistor  Q33.  Therefore,  based 

45  on  said  disregard  level,  the  inverter  circuit  36-|  is  control- 
led  by  controlling  the  gate  voltage  of  the  field-effect  tran- 
sistor  Q22  through  the  transistor  Q33.  At  the  initiation  of 
the  dimming  mode,  the  increase  in  the  disregard  level  is 
lagged  due  to  the  discharge  from  the  condense,  C39. 

so  Therefore,  after  glow  discharge,  the  dimming  mode  can 
be  initiated  in  the  state  where  the  output  is  sufficiently 
high. 
[01  08]  Next,  the  state  where  the  FL1  is  close  to  the 
end  of  its  life  span  is  explained  hereunder. 

55  [01  09]  Normally,  when  the  fluorescent  lamp  FL1  is  on, 
there  is  virtually  no  difference  in  electrical  potential 
between  the  first  DC  voltage-detecting  element  56  and 
the  second  DC  voltage-detecting  element  59,  because 

13 
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the  current  flows  in  two  directions  with  respect  to  the  flu- 
orescent  lamp  FL1.  As  both  the  transistor  Q31  and 
Zener  diode  ZD  13  are  maintained  in  the  'off  state,  the 
base  current  does  not  flow  to  the  transistor  Q29  so  that 
the  programmable  unijunction  transistor  Q28,  too,  is 
maintained  in  the  'off  state. 
[01  1  0]  When  the  fluorescent  lamp  FL1  comes  close  to 
the  end  of  its  life  span,  emission  of  electron  from  either 
the  filament  FL1  a  or  the  filament  FL1  b  is  reduced,  which 
causes  a  half-wave  discharge.  Such  a  half-wave  dis- 
charge  produces  a  difference  in  electrical  potential 
between  the  first  DC  voltage-detecting  element  56  and 
the  second  DC  voltage-detecting  element  59,  turning  on 
the  transistor  Q31  and  the  Zener  diode  ZD13,  so  that 
the  base  current  flows  to  the  transistor  Q29,  thereby 
turning  on  the  programmable  unijunction  transistor  Q28. 
Therefore,  the  transistor  Q31  is  turned  off  due  to  the  dis- 
continuation  of  the  base  current,  and  the  Zener  diode 
ZD1  1  is  turned  on.  As  a  result,  the  field-effect  transistor 
Q24  is  turned  on  so  that  the  base  current  of  the  transis- 
tor  Q11  is  forced  to  by-pass  the  inverter  circuit  36^ 
thereby  inactivating  the  inverter  circuit  36i  to  protect  the 
transistor  Q1  1  and  other  elements  from  the  stress. 
[01  1  1  ]  Although  the  discharge  lamps  of  all  the  embod- 
iments  described  above  are  comprised  of  annular  fluo- 
rescent  lamps,  straight  tube  lamps  having  any  desired 
lamp  powers  may  be  used.  Accordingly,  the  main  body 
of  any  type,  including  a  ceiling  light  adapted  to  be 
directly  mounted  on  a  ceiling  and  a  pendant  type,  may 
be  used. 
[01  1  2]  The  inverter  circuits  are  not  limited  to  be  of  a  1  - 
crystal  type;  they  may  be  of  a  2-crystal  half  -bridge  type, 
a  4-crystal  full-bridge  type  or  any  other  appropriate 
types,  as  long  as  they  serve  to  light  the  respective  fluo- 
rescent  lamps  at  high  frequencies  and  are  capable  of 
changing  high-frequency  outputs.  It  is  sufficient  that  the 
inverter  circuits  are  capable  of  causing  microdischarge, 
such  as  glow  discharge,  from  the  corresponding  fluo- 
rescent  lamps  at  the  beginning  of  a  lighting  process. 
[01  1  3]  Furthermore,  the  disregard  levels  may  respec- 
tively  be  set  at  desired  levels  by  means  of  series  con- 
nection  or  parallel  connection  of  resistors,  Zener  diodes 
or  other  relevant  elements. 

INDUSTRIAL  APPLICABILITY 

[0114]  As  described  above,  the  present  invention  is 
applicable  to  a  discharge  lamp  lighting  equipment  for 
lighting  discharge  lamps  having  filaments  that  need  to 
be  preheated. 

Claims 

1  .  A  discharge  lamp  lighting  equipment  including: 

a  discharge  lamp  lighting  means  for  lighting  a 
discharge  lamp  having  filaments; 
a  discharge  detecting  means  for  detecting  a 

discharge  from  said  discharge  lamp;  and 
a  control  means  adapted  to  cause  the  filaments 
to  be  preheated  by  reducing  the  output  from 
said  discharge  lamp  lighting  means  when  the 

5  discharge  detecting  means  has  detected  a  dis- 
charge. 

2.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  1,  wherein  the  discharge  detecting  means  is 

10  not  connected  to  said  discharge  lamp  lighting 
means  via  direct  current. 

3.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  1  or  claim  2,  wherein  the  discharge  lamp  light- 

15  ing  means  is  adapted  to  preheat  the  filaments  in 
such  a  manner  as  to  maintain  generation  of  micro- 
discharge  in  the  discharge  lamp. 

4.  A  discharge  lamp  lighting  equipment  of  which  the 
20  discharge  detecting  means  is  provided  with  a  filter 

for  removing  the  lighting  frequency  at  which  the  dis- 
charge  lamp  is  lit. 

5.  A  discharge  lamp  lighting  equipment  including: 
25 

an  output-variable  inverter  circuit  having  a 
switching  element  for  performing  a  switching 
function,  said  inverter  circuit  adapted  to  apply 
voltage  to  and  between  a  pair  of  filaments  of  a 

30  discharge  lamp  which  has  a  tube  diameter  of 
not  more  than  21  mm  and  is  provided  with  said 
filaments  and  phosphor; 
an  inverter  control  circuit  for  changing  the  out- 
put  from  said  inverter  circuit  by  controlling  the 

35  switching  function  of  said  switching  element; 
and  a  start-up  control  circuit  having  a  dis- 
charge  detecting  means  for  detecting  a  dis- 
charge  from  said  discharge  lamp,  the  start-up 
control  circuit  adapted  to  cause  said  inverter 

40  control  circuit  to  function  such  that: 
discharge  breakdown  voltage  is  applied 
between  the  filaments  of  the  discharge  lamp 
throughout  a  given  period  of  preheating, 
thereby  generating  a  glow  discharge  from  the 

45  lamp; 
secondary  lamp  voltage  for  shifting  the  mode  of 
discharge  to  the  arc  discharge  mode  is  applied 
between  the  filaments  of  said  discharge  lamp 
when  said  preheating  period  has  elapsed;  and 

so  the  voltage  between  the  filaments  of  the  dis- 
charge  lamp  is  reduced  when  the  discharge  is 
detected  by  said  discharge  detecting  means. 

6.  A  discharge  lamp  lighting  equipment  as  claimed  in 
55  claim  5,  wherein: 

the  inverter  circuit  includes  a  DC  interrupting 
line  and  a  DC  output  line,  the  DC  interrupting 
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line  connected  to  one  of  the  two  filaments  of 
the  discharge  lamp  via  a  DC  interruption  con- 
denser  for  removing  the  DC  component  from 
the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the 
current  without  interrupting  a  DC  component; 
and 
the  discharge  detecting  means  is  provided  with 
a  DC  voltage-detecting  element  for  detecting  a 
DC  voltage  on  the  DC  interrupting  line  so  that 
the  output  from  the  discharge  detecting  means 
is  controlled  based  on  the  value  of  the  voltage 
on  the  DC  interrupting  line  detected  by  the  DC 
voltage-detecting  element. 

7.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  6,  wherein: 

the  inverter  circuit  includes  a  DC  interrupting 
line  and  a  DC  output  line,  the  DC  interrupting 
line  connected  to  one  of  the  two  filaments  of 
the  discharge  lamp  via  a  DC  interruption  con- 
denser  for  removing  the  DC  component  from 
the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the 
current  without  interrupting  a  DC  component; 
and 
the  discharge  detecting  means  is  provided  with 
a  first  DC  voltage-detecting  element  for  detect- 
ing  the  DC  voltage  on  the  DC  interrupting  line 
and  a  second  DC  voltage-detecting  element  for 
detecting  the  DC  voltage  on  the  DC  output  line 
so  that  the  output  from  the  discharge  detecting 
means  is  controlled  based  on  a  difference 
between  the  voltage  on  the  first  DC  voltage- 
detecting  element  and  the  voltage  on  the  sec- 
ond  DC  voltage-detecting  element. 

8.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  7,  wherein: 

the  inverter  circuit  includes  a  DC  interrupting 
line  and  a  DC  output  line,  the  DC  interrupting 
line  connected  to  one  of  the  two  filaments  of 
the  discharge  lamp  via  a  DC  interruption  con- 
denser  for  removing  the  DC  component  from 
the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the 
current  without  interrupting  a  DC  component; 
and 
the  discharge  detecting  means  is  provided  with 
a  AC  voltage-detecting  element  for  detecting 
the  AC  voltage  on  the  DC  interrupting  line  and 
is  adapted  to  output,  in  order  to  control  the  sec- 
ondary  voltage  on  the  lamp,  the  amount 
detected  by  the  AC  voltage-detecting  element, 
said  detected  amount  corresponding  to  the 
voltage  on  the  DC  interrupting  line. 

9.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  8,  wherein  the  DC  voltage-detecting  element 
of  the  discharge  detecting  means  is  provided  with  a 
DC  voltage-detecting  element  adapted  to  function 

5  in  the  full-intensity  illumination  mode  and  a  DC  volt- 
age-detecting  element  adapted  to  function  in  the 
dimming  mode,  said  DC  voltage-detecting  ele- 
ments  having  different  disregard  levels. 

10  10.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  9,  wherein: 

the  DC  voltage-detecting  element  for  the  full- 
intensity  illumination  mode  includes  a  disre- 

15  gard  level  switching  means  adapted  to  change 
disregard  levels  depending  on  whether  the  cur- 
rent  mode  is  the  preheating  mode  or  the  full- 
intensity  illumination  mode;  and 
the  respective  disregard  levels  in  the  preheat- 

20  ing  mode,  the  dimming  mode  and  the  full-inten- 
sity  illumination  mode  are  smaller  in  the 
indicated  order,  i.e.  the  disregard  level  in  the 
preheating  mode  >  the  disregard  level  in  the 
dimming  mode  >  the  disregard  level  in  the  full- 

25  intensity  illumination  mode. 

11.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  10,  wherein  the  discharge  detecting  means 
includes  a  current  detecting  element  for  detecting  a 

30  lump  current,  and  is  adapted  to  output  a  signal  from 
the  current  detecting  element  to  the  start-up  control 
circuit  upon  detection  of  a  lamp  current. 

12.  A  discharge  lamp  lighting  equipment  as  claimed  in 
35  claim  5,  wherein: 

the  inverter  circuit  includes  a  DC  interrupting 
line  and  a  DC  output  line,  the  DC  interrupting 
line  connected  to  one  of  the  two  filaments  of 

40  the  discharge  lamp  via  a  DC  interruption  con- 
denser  for  removing  the  DC  component  from 
the  current,  and  the  DC  output  line  connected 
to  the  other  filament  and  adapted  to  pass  the 
current  without  interrupting  a  DC  component; 

45  and 
the  discharge  lamp  lighting  equipment  further 
includes: 
a  life-end  detecting  circuit  which  is  provided 
with  a  first  DC  voltage-detecting  element  con- 

so  nected  to  the  DC  interrupting  line  and  a  second 
DC  voltage-detecting  element  connected  to  the 
DC  output  line,  the  life-end  detecting  circuit 
being  adapted  to  output  a  signal  representing  a 
detected  amount  corresponding  to  the  differ- 

55  ence  between  the  voltage  on  the  first  DC  volt- 
age-detecting  element  and  the  voltage  on  the 
second  DC  voltage-detecting  element;  and 
an  oscillation  stopping  circuit  adapted  to  stop 
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the  switching  action  of  the  switching  element  of 
the  inverter  circuit  based  on  a  stop  signal  out- 
put  from  the  life-end  detecting  circuit. 

13.  A  discharge  lamp  lighting  equipment  as  claimed  in  s 
claim  5,  wherein: 

a  plurality  of  inverter  circuits  respectively  corre- 
sponding  to  a  plurality  of  discharge  lamps  are 
installed,  said  discharge  lamps  having  an  iden-  w 
tical  lighting  frequency  and  different  lamp  pow- 
ers;  and 
the  discharge  lamp  lighting  equipment  further 
includes: 
a  source  power  input  circuit  which  has  a  full-  15 
wave  rectifying  circuit  for  performing  full-wave 
rectification  of  the  AC  supply  voltage  having  a 
low  frequency,  the  source  power  input  circuit  so 
connected  as  to  be  shared  by  the  inverter  cir- 
cuits  that  correspond  to  said  different  lamp  20 
powers;  and 
a  plurality  of  low-distortion  circuits  connected 
so  as  to  respectively  form  the  sections  located 
in  front  of  said  inverter  circuits,  each  low-distor- 
tion  circuit  including:  25 
a  first  condenser  that  has  such  a  capacity  as  to 
not  present  a  smoothing  effect  with  respect  to  a 
low  frequency  voltage, 
a  second  condenser  having  a  capacity  greater 
than  that  of  the  first  condenser  and  connected  30 
to  a  point  closer  to  the  source  power  input  cir- 
cuit  than  is  the  first  condenser, 
a  rectifying  diode  which  is  connected  to  a  point 
between  the  first  condenser  and  the  second 
condenser  and  adapted  to  switch  the  cathode,  35 
which  is  located  at  the  side  connected  to  the 
first  condenser,  by  means  of  a  high-frequency 
current  resulting  from  the  reactive  power  to  be 
recycled  to  the  input  side,  and 
a  series  circuit  consisting  of  a  smoothing  con-  40 
denser  and  an  inductor  element  and  connected 
in  parallel  with  the  first  condenser. 

cuits  that  correspond  to  said  different  lamp 
powers; 
a  plurality  of  low-distortion  circuits  connected 
so  as  to  respectively  form  the  sections  located 
in  front  of  said  inverter  circuits,  each  low-distor- 
tion  circuit  including: 
a  first  condenser  that  has  such  a  capacity  as  to 
not  present  a  smoothing  effect  with  respect  to  a 
low  frequency  voltage, 
a  second  condenser  having  a  capacity  greater 
than  that  of  the  first  condenser  and  connected 
to  a  point  closer  to  the  source  power  input  cir- 
cuit  than  is  the  first  condenser, 
a  rectifying  diode  which  is  connected  to  a  point 
between  the  first  condenser  and  the  second 
condenser  and  adapted  to  switch  the  cathode, 
which  is  located  at  the  side  connected  to  the 
first  condenser,  by  means  of  a  high-frequency 
current  resulting  from  the  reactive  power  to  be 
recycled  to  the  input  side,  and 
a  series  circuit  consisting  of  a  smoothing  con- 
denser  and  an  inductor  element  and  connected 
in  parallel  with  the  first  condenser; 
a  circuit  base  on  which  said  inverter  circuits  are 
mounted  in  such  a  state  as  to  be  separated  into 
blocks;  and 
heat  sinking  plates  which  are  mounted  on  said 
circuit  base  together  with  the  switching  ele- 
ments  of  the  inverter  circuits,  each  heat  sinking 
plate  disposed  at  such  a  position  as  to  bridge 
two  of  said  blocks. 

15.  An  illuminating  system  including: 

a  discharge  lamp  lighting  equipment  as 
claimed  in  any  one  of  the  claims  from  claim  1 
through  claim  14,  and 
a  main  body,  to  which  said  discharge  lamp 
lighting  equipment  is  attached. 

16.  An  illuminating  system  as  claimed  in  claim  15, 
wherein: 

14.  A  discharge  lamp  lighting  equipment  as  claimed  in 
claim  5,  wherein:  45 

a  plurality  of  inverter  circuits  respectively  corre- 
sponding  to  a  plurality  of  discharge  lamps  are 
installed,  said  discharge  lamps  having  an  iden- 
tical  lighting  frequency  and  different  lamp  pow-  so 
ers;  and 
the  discharge  lamp  lighting  equipment  further 
includes: 
a  source  power  input  circuit  which  has  a  full- 
wave  rectifying  circuit  for  performing  full-wave  ss 
rectification  of  the  AC  supply  voltage  having  a 
low  frequency,  the  source  power  input  circuit  so 
connected  as  to  be  shared  by  the  inverter  cir- 

the  discharge  lamp  lighting  equipment  is  a  dis- 
charge  lamp  lighting  equipment  as  claimed  in 
any  one  of  the  claims  from  claim  1  through 
claim  14; 
the  discharge  lamps  of  the  illuminating  system 
consist  of  a  plurality  of  annular  fluorescent 
lamps  which  have  different  outer  ring  diameters 
and  adapted  to  be  respectively  energized  by 
the  inverter  circuits,  each  lamp  formed  of  a 
tube  having  a  diameter  of  not  more  than  21  mm; 
and 
the  main  body  of  the  illuminating  system  is  in 
the  shape  of  a  disk  and  supports  the  fluores- 
cent  lamps  in  such  a  state  that  they  are  con- 
centrically  arranged. 
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