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Description 

The  present  invention  relates  to  an  improve- 
ment  in  a  metal  vapor  discharge  lamp  of  the  type 
comprising  an  arc  tube,  a  starter  connected  in 
parallel  thereto,  and  a  translucent  outer  bulb  hous- 
ing  them,  for  example,  in  a  high-pressure  sodium 
lamp  having  a  starter  therein. 

Fig.  1  shows  the  equivalent  circuit  configuration 
of  a  conventional  high-pressure  sodium  lamp  hav- 
ing  a  starter  therein  along  with  an  example  of  the 
lighting  circuit  thereof.  The  construction  of  this 
high-pressure  sodium  lamp  is  such  that  a  translu- 
cent  outer  bulb  4  houses  an  arc  tube  1  and  a  serial 
circuit  which  is  connected  in  parallel  thereto  and 
which  consists  of  a  nonlinear  capacitor  2  and  a 
bimetal  switch  3.  This  lamp  is  connected  through  a 
ballast  5  consisting  of  an  inductor  to  an  alternating 
current  power  source  6,  the  lamp  being  lit  by 
applying  an  alternating  voltage  thereto.  The  non- 
linear  capacitor  2  then  acts  as  a  switching  element 
in  accordance  with  its  voltage-charge  hysteresis 
characteristic,  rapidly  interrupting  the  current  flow- 
ing  through  the  ballast  5.  This  causes  a  high- 
voltage  pulse  to  be  generated  on  either  end  of  the 
ballast  5.  The  pulse  is  applied  to  the  arc  tube  1 
along  with  the  power  source  voltage,  thereby  light- 
ing  the  lamp.  After  the  lamp  has  come  on,  the 
bimetal  switch  3  is  opened  by  the  heat  from  the 
arc  tube  1,  thereby  stopping  the  operation  of  the 
starter. 

The  nonlinear  capacitor  adopted  in  a  lamp  of 
the  type  described  above,  is  described  in  detail,  for 
example,  in  Japanese  Patent  Publication  JP-B-  62- 
60803.  Figs.  2A  and  2B  show  schematically  the 
construction  thereof.  The  capacitor  shown  com- 
prises  a  dielectric  substrate  7  which  is  principally 
made  of  barium  titanate  or  the  like.  Provided  on 
both  sides  of  the  dielectric  substrate  7  are  elec- 
trode  films  8a  and  8b  to  which  lead  wires  9a  and 
9b  are  electrically  connected,  respectively  The  heat 
resistant  material  with  which  the  electrode  films  8a 
and  8b  are  covered  and  the  details  regarding  the 
joint  structure  between  the  electrode  films  8a,  8b 
and  the  lead  wires  9a,  9b  are  omitted  in  the  draw- 
ings. 

When  incorporating  the  nonlinear  capacitor  2 
having  the  above-described  construction  into  a 
lamp,  the  lead  wires  9a  and  9b  of  the  nonlinear 
capacitor  2  are  often  connected  and  fixed  by 
means  of  welding  or  the  like  to  support  lines  10a 
and  10b  of  different  polarities  which  are  connected 
to  conductive  arc  tube  supports  or  the  like,  as 
shown  in  Fig.  3. 

However,  it  has  been  found  that  lamps  having 
the  above-described  construction  involve  the  fol- 
lowing  problems  in  service: 

(1)  When  an  alternating  electric  field  is  applied 
to  a  nonlinear  capacitor,  inversion  occurs  in  the 
spontaneous  polarization  thereof,  so  that  the 
crystals  constituting  the  dielectric  substrate  are 

5  elongated  in  the  direction  in  which  the  electric 
field  is  applied,  and  are  contracted  in  the  direc- 
tion  perpendicular  to  the  electric  field,  a  phe- 
nomenon  called  electrostriction.  As  a  result,  a 
voltage-charge  hysteresis  characteristic  is  ob- 

io  tained. 
However,  if  the  lead  wires  9a  and  9b  of  the 

nonlinear  capacitor  2  are  firmly  connected  to  the 
conductive  supports  10a  and  10b  as  shown  in 
Fig.  3,  the  oscillation  due  to  the  electrostriction 

75  of  the  dielectric  substrate  7  of  the  nonlinear 
capacitor  2  is  restrained  to  a  considerable  de- 
gree,  so  that  a  satisfactory  voltage-charge  hys- 
teresis  characteristic  cannot  be  obtained  As  a 
result,  the  voltage  pulse  generated  is  inevitably 

20  rather  low. 
Moreover,  it  has  been  found  that  the  oscilla- 

tion  due  to  the  electrostriction  of  the  dielectric 
substrate  7  involves  a  noise  of  a  considerable 
magnitude  since  it  is  transmitted  to  other  sec- 

25  tions  as  the  oscillation  of  the  lead  wires  9a,  9b 
and  the  conductive  supports  10a,  10b. 
(2)  If  the  operation  is  continued  while  restraining 
the  oscillation  due  to  the  electrostriction  of  the 
dielectric  substrate  7  to  a  considerable  extent  as 

30  described  above,  an  internal  stress  will  act  with- 
in  the  dielectric  substrate  7  to  generate  cracks 
along  the  grain  boundaries,  thereby  damaging 
the  dielectric  substrate.  In  some  cases,  dis- 
charge  may  occur  between  the  electrodes  of  the 

35  nonlinear  capacitor  when  the  dielectric  substrate 
suffers  damage,  which  can  cause  a  large  elec- 
tric  current  to  flow  through  the  starter,  thereby 
burning  the  winding  of  the  ballast  5. 
(3)  Discharge  may  occur  between  the  electrodes 

40  of  the  nonlinear  capacitor  if  near  the  end  of  the 
lamp  service  life  the  rare  gas  in  the  arc  tube 
leaks  into  the  outer  bulb  that  houses  the  non- 
linear  capacitor,  which  will  generate  an  atmo- 
sphere  in  the  outer  bulb  that  allows  discharge  to 

45  occur  easily.  As  a  result,  a  large  current  may 
flow  through  the  starter,  which  also  leads  to 
burning  of  the  ballast  winding. 

Reference  is  also  made  to  JP-A-  59-60957 
(Patent  Abstracts  of  Japan,  Vol,  8  No.  161  (E-257) 

50  [1598])  which  discloses  an  electric  discharge  lamp 
and  a  nonlinear  capacitor  connected  in  parallel  with 
the  lamp. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  metal  vapor  discharge  lamp  in  which  the 

55  above  mentioned  problems  are  eliminated. 
Another  object  of  this  invention  is  to  provide  a 

metal  vapor  discharge  lamp  which  can  generate  a 
high-pulse  voltage  so  that  it  can  be  lighted  with 
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ease. 
Still  another  object  of  this  invention  is  to  pro- 

vide  a  metal  vapor  discharge  lamp  which  can  pre- 
vent  any  burning  of  the  ballast. 

In  order  to  attain  the  above  objects,  this  inven- 
tion  provides  a  metal  vapor  discharge  lamp  of  the 
type  comprising  a  translucent  outer  bulb  that 
houses  an  arc  tube  and  a  starter  which  is  con- 
nected  in  parallel  to  the  arc  tube  and  which  in- 
cludes  a  nonlinear  capacitor,  the  above-mentioned 
nonlinear  capacitor  having  on  both  major  sides  of  a 
disk-like  dielectric  substrate  thereof  electrode  films 
to  which  respective  lead  wires  are  electrically  con- 
nected,  at  least  one  of  the  above-mentioned  lead 
wires  being  connected  to  a  support  line  whose 
thickness  is  such  that  it  does  not  obstruct  the 
oscillation  due  to  any  electrostriction  of  the  above- 
mentioned  dielectric  substrate  and  which  also 
forms  a  fusible  link. 

Thanks  to  this  construction,  any  oscillation  due 
to  electrostriction  of  the  dielectric  substrate  of  the 
nonlinear  capacitor  remains  unobstructed,  so  that  a 
satisfactory  voltage-charge  hysteresis  can  be  ob- 
tained,  thus  providing  a  metal  vapor  discharge 
lamp  which  generates  a  high  voltage  pulse  and 
which  can  be  lit  with  stability.  Furthermore,  the 
noise  due  to  the  above-mentioned  oscillation  is 
absorbed  by  the  support  line  mentioned  above, 
thereby  making  it  possible  to  lower  the  noise  level. 

In  addition,  since  the  support  line  employed 
does  not  obstruct  the  oscillation  of  the  dielectric 
substrate,  any  destruction  of  the  dielectric  sub- 
strate  due  to  cracks  generated  along  the  grain 
boundaries  during  oscillation  of  the  dielectric  sub- 
strate,  can  be  prevented.  Moreover,  if  discharge 
occurs  between  the  electrodes  of  the  nonlinear 
capacitor  and  a  large  current  is  allowed  to  flow 
through  the  starter,  the  above-mentioned  support 
line  fuses  to  break  the  electric  current  circuit, 
thereby  preventing  any  burning  accident  in  the 
ballast,  etc. 

By  way  of  example  only,  a  specific  embodi- 
ment  of  the  present  invention  will  now  be  de- 
scribed,  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

Fig.  1  is  a  circuit  diagram  showing  the  equiv- 
alent  circuit  configuration  of  a  conventional  high- 
pressure  sodium  lamp  having  a  starter  therein 
along  with  the  lighting  circuit  thereof; 
Figs.  2A  and  2B  are  a  front  view  and  a  side 
view,  respectively,  of  a  non-linear  capacitor  used 
in  the  above  discharge  lamp; 
Fig.  3  is  side  view  showing,  in  an  enlarged  state, 
the  support  section  of  the  above  nonlinear  ca- 
pacitor; 
Fig.  4  is  a  view  showing  an  embodiment  of  a 
metal  vapor  discharge  lamp  in  accordance  with 
this  invention;  and 

Fig.  5  is  a  view  showing,  in  an  enlarged  state, 
the  support  section  of  the  nonlinear  capacitor  in 
the  discharge  lamp  shown  in  Fig.  4. 

Fig.  4  shows  an  example  of  a  high-pressure 
5  sodium  lamp  having  a  starter  therein  which  con- 

stitutes  an  embodiment  of  this  invention.  Fig.  5 
shows,  in  an  enlarged  state,  the  support  section  of 
the  nonlinear  capacitor  used  in  this  high-pressure 
sodium  lamp.  In  Fig.  4,  the  reference  numeral  1 

io  indicates  an  arc  tube  comprising  a  ceramic  tube 
having  electrodes  sealed  to  its  ends  and  containing 
sodium,  mercury  and  a  rare  gas  which  are  sealed 
therein.  This  arc  tube  1  is  supported  by  conductive 
supports  11a  and  11b  which  also  serve  as  conduc- 

15  tors  for  supplying  electricity  to  the  electrodes  and 
by  other  conductive  supports  12a  and  12b  which 
are  fixed  thereto,  etc. 

The  reference  numeral  2  indicates  a  nonlinear 
capacitor  which  has  a  similar  construction  to  that 

20  shown  in  Figs.  2A  and  2B.  As  shown  in  Fig.  5,  one 
end  of  one  lead  wire  9a  of  this  nonlinear  capacitor 
2  is  mounted  on  a  support  line  10a  which  is  fixed 
to  the  conductive  support  12a.  One  end  of  the 
other  lead  wire  9b  of  the  nonlinear  capacitor  2  is 

25  connected  through  a  support  line  10b  to  a  conduc- 
tive  support  3a  of  a  bimetal  switch  3.  This  conduc- 
tive  support  3a  of  the  bimetal  switch  3  is  sup- 
ported,  in  an  insulated  state,  by  the  above-men- 
tioned  conductive  support  12b.  Accordingly,  the 

30  lead  wire  9b  of  the  nonlinear  capacitor  2  is  elec- 
trically  connected  to  the  conductive  support  12b 
through  the  bimetal  switch  3. 

At  least  one  of  the  above-mentioned  support 
lines  10a  and  10b  (10b  in  this  embodiment)  has 

35  such  a  thickness  that  it  does  not  obstruct  the 
oscillation  due  to  the  electrostriction  of  the  dielec- 
tric  substrate  7  of  the  nonlinear  capacitor  2  and 
that  it  fuses  when  a  large  current  flows  through  the 
nonlinear  capacitor  2.  Specifically,  a  fusion-resis- 

40  tant  metal  wire  having  a  diameter  of  0.04  to  0.4mm 
is  employed,  such  as  a  wire  of  molybdenum,  tung- 
sten,  tantalum,  niobium,  an  iron/nickel  alloy,  nickel, 
iron,  etc.  An  appropriate  wire  length  may  be  about 
10mm.  Although  a  solid  wire  may  suffice,  a  wire 

45  wound  in  a  coil-like  manner  will  be  more  suitable. 
The  thickness  and  length  of  the  support  line 

10b  must  be  selected  taking  into  consideration  the 
magnitude  of  the  short-circuit  current  which  flows 
through  the  ballast  5  when  discharge  occurs  be- 

50  tween  the  electrodes  of  the  nonlinear  capacitor,  the 
material  of  the  support  line,  the  mechanical 
strength  thereof,  etc.  The  results  of  experiments 
conducted  on  lamps  of  different  capacitances  in- 
cluding  one  of  the  100W-class  and  one  of  the 

55  1KW-class  showed  that  a  suitable  diameter  of  the 
support  line  is,  as  stated  above,  in  the  range  of 
0.04  to  0.4mm  and  that  a  suitable  length  when  the 
diameter  is  0.4mm  is  about  10mm.  If  the  diameter 

3 
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of  the  support  line  is  less  than  0.04mm,  the  line  will 
be  more  liable  to  be  broken  by  the  spot  welding 
used  in  assembling  the  lamp,  or  by  the  oscillation, 
etc.,  while  it  is  in  service  after  the  assembly  of  the 
lamp.  A  support  line  diameter  of  more  than  0.4mm 
will  result  in  the  support  line  not  being  broken  even 
by  the  large  current  accompanying  a  discharge 
between  the  electrodes  of  the  nonlinear  capacitor, 
so  that  the  ballast,  etc.  will  be  subject  to  burning. 

As  for  the  equivalent  circuit  in  the  lamp  of  the 
embodiment  shown  in  Fig.  4  and  the  lighting  circuit 
thereof,  they  have  similar  constructions  to  those 
shown  in  Fig.  1  . 

While  in  the  above  embodiment  the  starter 
consists  of  a  combination  of  a  nonlinear  capacitor 
and  a  bimetal  switch,  this  invention  can  be  applied 
to  any  type  of  metal  vapor  discharge  lamp  as  long 
as  its  starter  includes  a  nonlinear  capacitor. 

As  will  be  apparent  from  the  foregoing  descrip- 
tion,  in  accordance  with  this  invention,  at  least  one 
of  the  lead  wires  of  the  nonlinear  capacitor  con- 
stituting  the  starter  is  connected  to  a  support  line 
which  has  such  a  thickness  that  it  will  not  obstruct 
the  oscillation  due  to  the  electrostriction  of  the 
dielectric  substrate  of  the  above-mentioned  non- 
linear  capacitor.  Accordingly,  the  oscillation  due  to 
the  electrostriction  of  the  dielectric  substrate  is  not 
restrained,  so  that  a  high-voltage  pulse  can  be 
generated.  Furthermore,  since  the  oscillation  of  the 
dielectric  substrate  is  absorbed  by  the  support  line, 
no  noise  is  generated.  In  addition,  since  the  thick- 
ness  of  the  above-mentioned  support  line  is  se- 
lected  so  that  it  will  fuse  whenever  a  large  current 
flows  through  the  nonlinear  capacitor,  the  support 
line  serves  as  a  fuse  to  break  the  electric  circuit 
when  a  large  current  is  allowed  to  flow,  thereby 
effectively  preventing  any  burning  of  the  ballast. 

Claims 

1.  A  metal  vapor  discharge  lamp  of  the  type 
comprising  a  translucent  outer  bulb  (4)  that 
houses  an  arc  tube  (1)  and  a  starter  which  is 
connected  in  parallel  to  the  arc  tube  (1)  and 
which  includes  a  nonlinear  capacitor  (2), 
characterised  in  that  said  nonlinear  capacitor 
(2)  has  on  both  major  sides  of  a  disk-like 
dielectric  substrate  (7)  thereof  electrode  films 
(8a,8b)  to  which  respective  lead  wires  (9a,9b) 
are  electrically  connected,  and  that  at  least  one 
of  the  lead  wires  (9a,9b)  of  said  nonlinear 
capacitor  is  connected  to  a  support  line  (10b) 
whose  thickness  is  such  that  it  does  not  ob- 
struct  the  oscillation  due  to  any  electrostriction 
of  the  dielectric  substrate  (7)  of  said  nonlinear 
capacitor  and  which  also  forms  a  fusible  link. 

2.  A  metal  vapor  discharge  lamp  as  claimed  in 
claim  1  ,  characterised  in  that  said  support  line 
(10b)  consists  of  a  fusion-resistant  metal  hav- 
ing  a  diameter  of  0.04  to  0.4mm. 

5 
3.  A  metal  vapor  discharge  lamp  as  claimed  in 

claim  1  ,  characterised  in  that  said  support  line 
(10b)  consists  of  a  fusion-resistant  metal  hav- 
ing  a  diameter  of  0.04  to  0.4mm  which  is 

io  wound  in  a  coil-like  manner. 

Patentanspruche 

1.  Metalldampfentladungslampe  mit  einem  durch- 
15  sichtigen  auBeren  Kolben  (4),  der  eine  Bogen- 

entladungsrohre  (1)  und  einen  Starter  enthalt, 
der  parallel  zur  Bogenentladungsrohre  (1)  ge- 
schaltet  ist  und  der  einen  nichtlinearen  Kon- 
densator  (2)  enthalt,  dadurch  gekennzeichnet, 

20  dal3  der  nichtlineare  Kondensator  (2)  auf  bei- 
den  Hauptoberflachen  eines  scheibenahnlichen 
dielektrischen  Substrats  (7)  Elektrodenfilme 
(8a,  8b)  aufweist,  an  die  jeweils  Leitungsdrahte 
(9a,  9b)  elektrisch  angeschlossen  sind,  und 

25  dal3  zumindest  einer  der  Leitungsdrahte  (9a, 
9b)  des  nichtlinearen  Kondensators  an  eine 
Unterstutzungsleitung  (10b)  angeschlossen  ist, 
deren  Dicke  so  ausgelegt  ist,  dal3  sie  die 
Schwingung  aufgrund  jeder  Elektrostriktion  des 

30  dielektrischen  Substrats  (7)  des  nichtlinearen 
Kondensators  nicht  behindert  und  zudem  eine 
Abschmelzverbindung  bildet. 

2.  Metalldampfentladungslampe  nach  Anspruch 
35  1,  dadurch  gekennzeichnet,  dal3  die  Unterstut- 

zungsleitung  (10b)  aus  einem  schmelzresisten- 
ten  Material  mit  einem  Leitungsdurchmesser 
von  0,04  bis  0,4  mm  besteht. 

40  3.  Metalldampfentladungslampe  nach  Anspruch 
1,  dadurch  gekennzeichnet,  dal3  die  Unterstut- 
zungsleitung  (10b)  aus  einem  schmelzresisten- 
ten  Material  mit  einem  Leitungsdurchmesser 
von  0,04  bis  0,4  mm  besteht  und  spulenformig 

45  gewickelt  ist. 

Revendications 

1.  Lampe  a  decharge  a  vapeur  metallique  du 
50  type  comportant  un  bulbe  exterieur  transparent 

(4)  qui  regoit  un  tube  a  arc  (1)  et  un  starter  qui 
est  relie  en  parallele  au  tube  a  arc  (1)  et  qui 
comporte  un  condensateur  non  lineaire  (2),  ca- 
racterisee  en  ce  que  ledit  condensateur  non 

55  lineaire  (2)  a,  sur  les  deux  cotes  principaux 
d'un  substrat  (7)  formant  dielectrique  en  forme 
de  disque,  des  films  (8a,  8b)  formant  electro- 
des  auxquels  des  fils  conducteurs  respectifs 

4 
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(9a,  9b)  sont  relies  electriquement,  et  en  ce 
qu'au  moins  un  des  fils  conducteurs  (9a,  9b) 
dudit  condensateur  non  lineaire  est  connecte  a 
une  ligne  auxiliaire  (10b)  dont  I'epaisseur  est 
telle  qu'elle  ne  bloque  pas  I'oscillation  due  a  5 
toute  electrostriction  du  substrat  (7)  formant 
dielectrique  dudit  condensateur  non  lineaire  et 
qui  constitue  aussi  une  liaison  formant  fusible. 

2.  Lampe  a  decharge  a  vapeur  metallique  selon  10 
la  revendication  1,  caracterisee  en  ce  que  la 
ligne  auxiliaire  (10b)  est  constitute  d'un  metal 
resistant  a  la  fusion  ayant  un  diametre  de  0,04 
a  0,4  mm. 
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3.  Lampe  a  decharge  a  vapeur  metallique  selon 

la  revendication  1,  caracterisee  en  ce  que  la 
ligne  auxiliaire  (10b)  est  constitute  d'un  metal 
resistant  a  la  fusion  ayant  un  diametre  de  0,04 
a  0,4  mm  qui  est  enroule  a  la  maniere  d'une  20 
bobine. 
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