
# )  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  2 5 4   5 0 6  

A 1  

00  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  87306368.9 

@  Date  of  filing:  17.07.87 

©  int.  ci.4:  H05B  3 9 / 0 0  

©  Priority:  1  9.07.86  JP  111257/86 

(§)  Date  of  publication  of  application: 
27.01.88  Bulletin  88/04 

©  Designated  Contracting  States: 
DE  FR  GB 

©  Applicant:  Hayashibara,  Ken 
9-8,  4-chome,  Higashi-Furumatsu 
Okayama-shi  Okayama(JP) 

@  Inventor:  Masaki,  Kazumi 
7-3,  4-chome  Fujishirodai 
Suita-shi  Osaka(JP) 

©  Representative:  Palmer,  Roger  et  al 
Page,  White  and  Farrer  5  Plough  Place  New 
Fetter  Lane 
London  EC4A  1HY(GB) 

Circuit  to  limit  surges  in  dc-operated  lamp. 

©  A  circuit  to  limit  surges  in  a  dc-illuminated  lamp, 
comprising  a  rectifier  circuit  (4)  having  smoothing 
means  (6),  the  output  terminal  being  connected  with 
a  lamp  (7);  an  inductor  (2)  connected  with  the  input 
terminal  of  the  rectifier  circuit;  surge-limiting  means 
(8)  connected  in  series  with  the  lamp;  and  a  switch- 
ing  means  (9,10)  having  the  main  current  path  con- 
nected  in  parallel  with  the  surge-limiting  means,  said 
switching  means  becoming  conductive  when  the  fila- 
ment  of  the  lamp  is  warmed  up. 
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CIRCUIT  TO  LIMIT  SURGES  IN  DC-OPERATED  LAMP 

The  present  invention  relates  to  a  circuit  to 
limit  surges  in  a  dc-operated  lamp,  for  example, 
initial  switch-on  surge  and  arc  discharge  current. 

Conventional  starter  circuits  are  effective  in 
limitation  of  initial  switch-on  surge  in  a  lamp,  but 
ineffective  in  limitation  of  arc  that  may  arise  on 
burnout  of  filament.  The  arc  discharges  in  short- 
circuit  manner,  and  continuously  flows  a  surge  of 
200  amperes  when,  for  example,  60  watt  lamp  is 
operated  with  dc  130  volts.  The  surge  may  cause 
serious  damage  to  circuit  elements  such  as  rectifier 
and  switching  means. 

In  view  of  the  foregoing,  the  main  object  of  the 
present  invention  is  to  provide  circuit  arrangements 
effective  in  limitation  of  both  initial  switch-on  surge 
and  arc  discharge  current. 

This  and  other  objects  as  may  become  appar- 
ent  hereinafter  have  been  attained  with  the  circuit 
comprising  a  recti  fier  circuit  having  a  smoothing 
means,  the  output  terminal  being  connected  with  a 
lamp;  an  inductor,  connected  with  the  input  termi- 
nal  of  the  rectifier  circuit,  for  limitation  of  surges 
into  the  lamp;  a  surge-limiting  means  connected  in 
series  with  the  lamp;  and  a  switching  means  having 
the  main  current  path  connected  in  parallel  with  the 
surge-limiting  means,  said  switching  means  be- 
coming  conductive  when  the  filament  of  the  lamp  is 
warmed  up. 

Resistor  (8)  is  connected  in  parallel  with  the 
main  current  path  of  the  switching  means,  such  as 
thyristor,  that  is  arranged  to  become  conductive 
when  the  filament  of  lamp  (7)  is  warmed  up  over  a 

5  period  of  a  prescribed  time.  The  switching  means 
short-circuits  resistor  (8)  to  supply  the  full  output  of 
the  rectifi'er  circuit  to  lamp  (7)  soon  after  the  fila- 
ment  attains  an  incandescent  state.  In  this  embodi- 
ment,  thyristor  (9)  is  cascaded  to  thyristor  (10)  to 

w  form  the  switching  means,  and  the  gate  of  thyristor 
(10)  is'  connected  through  resistor  (13)  with  the 
time  constant  circuit  consisting  of  resistor  (12)  and 
capacitor  (14).  By  using  such  cascade,  thyristor 
(9)  is  triggered  with  a  relatively  small  current.  This 

75  is  very  advantageous  to  stabilize  the  operation  of 
the  whole  circuit.  Immediately  after  ac  source  (1  )  is 
on,  the  voltage  across  resistor  (8)  charges  capaci- 
tor  (14)  through  resistor  (12)  connected  in  parallel 
with  resistor  (8).  Since,  in  the  embodiment,  the 

20  voltage  across  resistor  (8)  is  used  to  drive  the 
switching  means,  no  special  source  is  required 
therefor.  This  is  very  advantageous  to  simplify  the 
whole  circuit  and  stabilize  its  operation.  Capacitor 
(14)  is  arranged  to  discharge  through  resistor  (13) 

25  in  accordance  with  the  time  constant  as  determined 
together  with  resistor  (12)  to  the  gate  of  thyristor  - 
(10)  to  trigger  it.  Immediately  after  it  occurs,  the 
voltage  across  resistor  (1  1  )  triggers  in  turn  thyristor 
(9),  and  it  short-circuits  resistor  (8)  to  supply  the 

30  full  output  of  the  rectifier  circuit  to  lamp  (7).  Thus, 
by  setting  the  time  constant  to  a  length  sufficient  to 
warm  up  the  filament,  the  Initial  switch-on  surge 
thereinto  is  effectively  limited. 

Voltage  regulator  diode  (5)  and  capacitor  (3), 
35  both  provided  in  shunt  to  the  input  terminal  of 

rectifier  bridge  (4),  are  to  absorb  any  pulsatile 
voltage  that  may  arise  at  its  ac  side.  These  ele- 
ments  are  used  alone  or  in  combination. 

The  rectifier  circuit  including  smoothing  capaci- 
40  tor  (6)  receives  an  initial  switch-on  surge  having  a 

relatively  large  magnitude.  The  magnitude  of  an 
initial  switch-on  surge  that  may  arise  when  the  ac 
source  is  connected  at  its  peak  voltage  varies  with 
capacitor  (6).  When  its  capacitance  is  very  large, 

45  the  magnitude  is  calculated  by  dividing  the  voltage 
by  the  internal  resistance  of  rectifier  bridge  (4). 
FIG.2  is  illustrative  of  an  initial  switch-on  surge  that 
flows  into  capacitor  (6)  soon  after  ac  source  (1)  is 
connected  at  its  positive  peak  to.  In  the  embodi- 

50  ment,  inductor  (2)  provided  in  series  to  the  input 
terminal  of  rectifier  bridge  (4)  effectively  limits,  as 
well  as  this  initial  switch-on  surge,  an  arc  discharge 
current  that  may  arise  when  the  filament  is  burned 
out. 

Description  of  the  Preferred  Embodiment 

The  present  invention  will  hereinafter  be  ex- 
plained  with  reference  to  the  accompanying  draw- 
ings  in  which: 

FIG.1  is  the  circuit  of  an  embodiment  ac- 
cording  to  the  invention;  and 

FIG.2  is  illustrative  of  an  initial  switch-on 
surge  flowing  into  smoothing  means  soon  after  ac 
source  is  connected  at  its  peak  value. 

In  the  embodiment  as  shown  in  FIG.1  ,  the  input 
terminal  of  rectifier  bridge  (4)  is  to  be  connected 
with  ac  source  (1)  through  inducer  (2),  while  the 
output  of  the  rectifier  bridge  is  smoothed  with  ca- 
pacitor  (6)  and  then  supplied  to  lamp  (7)  through 
resistor  (8)  used  as  the  surge-limiting  means.  Since 
the  filament  resistance  of  lamp  (7)  is  about  ten 
ohms  at  ambient  temperature,  energization  of  dc 
130  volts  thereto  flows  an  initial  switch-on  surge  of 
13  amperes  that  may  burn  out  the  filament.  By 
providing  100  ohm  resistor  (8)  in  series  to  lamp  (7) 
give  a  total  resistance  of  110  ohms,  the  surge  is 
reduced  to  about  1  .2  amperes.  Thus,  the  output  of 
lamp  (7)  is  extremely  decreased. 

♦  
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Since  smoothing  capacitor  (6)  is  usually  an 
.electrolytic  capacitor  having  a  relatively  large  ca- 
pacitance,  the  surge  may  reach  several  ten  to 
several  hundred  amperes  when  inductor  (2)  is  omit- 
ted.  Now  supposing  that  inductor  (2)  is  six  millihen-  s 
ries,  it  exerts  an  impedance  of  only  2.26  ohms 
against  60  hertz  ac,  but  modifies  the  current  across 
it  almost  into  a  square  wave  having  a  harmonic 
because  ac  source  (1)  is  at  its  positive  peak  at  this 
moment.  Further  supposing  that  the  frequency  of  w 
the  harmonic  is  250  hertz,  inductor  (2)  exerts  an 
impedance  of  9.4  ohms  against  the  harmonic  to 
limit  initial  switch-on  surge  to  about  15  amperes  (  = 
140  volts/9.4  ohms)  as  shown  in  FIG.2  with  the 
solid  line.  This  value  is  consistent  with  that  as  75 
practically  observed. 

Now  supposing  that  lamp  (7)  is  burned  out 
during  its  use,  an  arc  discharge  current  of  up  to 
200  amperes  may  flow  into  lamp  (7).  This  may 
cause  a  serious  damage  to  rectifier  and  switching  so 
means.  By  using  six  millihenries  of  inductor  (2),  the 
current  across  rectifier  bridge  (4)  is  suppressed  to 
44  amperes  (=100  volts/2.26  ohms)  that  is  1/4  to 
1/5  of  that  observed  without  using  inductor  (2). 
Because  of  this,  the  use  of  smoothing  or  switching  25 
means  having  an  unnecessarily  high  capacity  can 
be  omitted  according  to  the  invention. 

Inductor  (2)  is  a  core  type-or  a  coreless  type- 
inductor  having  an  inductance  sufficient  to  limit  the 
surges  into  lamp  (7)  when  used  in  the  input  circuit  30 
of  the  rectifier  circuit  including  smoothing  capacitor 
(6):  The  core  type  inductor  may  be,  for  example,  a 
wound  iron  core  type-or  a  stacked  iron  core  type- 
inductor.  The  inductance  is  usually  set  to  a  level 
that  limits  the  surges  but  unnecessarily  drops  the  35 
voltage  across  lamp  (7),  desirably,  to  a  level  where 
the  resonance  circuit  formed  together  with  capaci- 
tor  (6)  advances  the  phase  shift  between  the  volt- 
age  and  current  elements  in  the  surges,  in  other 
words,  decreases  their  effective  powers.  By  em-  40 
ploying  an  inductor  having  a  relatively  low  dc  ohm 
as  inductor  (2),  the  surges  including  initial  switch- 
on  surges  and  arc  discharge  current  are  effectively 
limited  without  generating  an  appreciable  heat  by 
inductor  (2).  45 

In  addition  to  limitation  of  initial  switch-on 
surges,  the  present  invention  is  effective  in  preven- 
tion  of  arc  that  may  arise  and  continue  when  the 
filament  is  burned  out.  The  present  invention  is 
arranged  to  speedily  and  automatically  limit  the  so 
arc,  so  that  the  damage  of  rectifier  and  switching 
means  is  avoided.  If  the  arc  restores,  the  inductor 
kills  it,  and  no  arc  flashes  after  the  filament  gap  is 
extended.  If  the  power"  switch  is  on  when  the  arc 
disappears,  it  never  restores  because  the  filament  55 
has  been  snapped. 

As  described  above,  the  present  invention  is 
characterized  in  that  a  lamp  is  safely  dc-operated 
without  cares  for  surges  such  as  initial  switch-on 
surge  and  arc  discharge  current,  as  well  as  that  the 
lives  of  circuit  elements  including  the  lamp  are 
extremely  prolonged. 

While  the  described  embodiment  represent  the 
prefer  red  form  of  the  present  invention,  it  is  to  be 
understood  that  modifications  will  occur  to  those 
skilled  in  the  art  without  departing  from  the  spirit  of 
the  invention.  The  scope  of  the  invention  is  there- 
fore  to  be  determined  solely  by  the  appended 
claims. 

Claims 

1.  A  circuit  to  limit  surges  in  a  dc-operated 
lamp,  comprising: 
a  rectifier  circuit  having  smoothing  means,  the  out- 
put  terminal  being  connected  with  a  lamp; 
an  inductor  connected  with  the  input  terminal  of  the 
rectifier  circuit; 
surge-limiting  means  connected  in  series  with  the 
lamp;  and 
switching  means  having  the  main  current  path  con- 
nected  in  parallel  with  the  surge-limiting  means, 
said  switching  means  becoming  conductive  when 
the  filament  of  the  lamp  is  warmed  up. 

2.  The  circuit  of  claim  1  ,  wherein  said  switching 
means  is  a  thyristor. 

3.  The  circuit  of  claim  1  ,  wherein  said  switching 
means  is  provided  by  cascading  two  thyristors. 

4.  The  circuit  of  claim  1;  wherein  capacitor 
and/or  voltage  regulator  diode  is  connected  with 
the  input  terminal  of  the  rectifier  circuit. 

5.  The  circuit  of  claim  1,  wherein  said  surge- 
limiting  means  is  a  resistive  circuit. 

6.  The  circuit  of  claim  1  ,  wherein  said  inductor 
and  smoothing  means  are  arranged  to  decrease 
the  effective  power  of  the  surges. 

7.  The  device  of  claim  1  ,  wherein  said  inductor 
is  a  core  type  inductor. 

♦  
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