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Description 

1.  The  invention  relates  to  a  high-pressure  sodium  discharge  lamp  intended  to  be  operated  in 
conjunction  with  an  internal  starter  without  a  glow  discharge  or  with  an  external  starter,  this  lamp  having 

5  an  outer  bulb  which  is  provided  with  a  lamp  cap  and  encloses  an  evacuated  space  in  which  a  discharge 
vessel  is  a r r a n g e d . .  

A  lamp  of  the  aforementioned  kind  is  known,  for  example,  from  European  Patent  Application 
0  132  886.  This  kind  of  lamp  is  frequently  used  inter  alia  in  public  illumination  because  of  its  high 
luminous  efficacy,  its  comparatively  long  life  and  the  agreeable  colour  of  the  emitted  visible  radiation. 

10  The  discharge  vessel  of  the  lamp  is  generally  made  of  a  ceramic  metal  oxide,  such  as,  for  example, 
•  polycrystalline  densely  sintered  aluminium  oxide  or  monocrystalline  sapphire.  The  discharge  vessel  has  as 

a  filling  constituent  sodium  amalgam,  which  is  generally  dosed  in  excess  quantity.  In  the  lamps  with  excess 
quantity  dosed  the  vapour  pressure  is  determined  in  the  operating  condition  of  the  lamp  by  the 
temperature  of  the  excess  of  condensate,  generally  known  as  the  coldest  spot  temperature. 

15  High-pressure  sodium  discharge  lamps  have  a  high  ignition  voltage,  as  a  result  of  which  the  lamps  are 
operated  in  practice  in  conjunction  with  a  starter.  The  lamp  according  to  the  invention  is  intended  to  be 
operated  in  conjunction  with  an  internal  starter  without  a  glow  discharge  or  with  an  external  starter.  The 
term  "external  starter"  is  to  be  understood  in  this  description  to  mean  a  starter  which  is  spatially  separated 
from  the  evacuated  space  enclosed  by  the  outer  bulb,  in  contrast  with  the  lamps  in  which  a  starter  is 

20  arranged  in  the  evacuated  space  enclosed  by  the  outer  bulb.  The  external  starter  may  then  in  principle  be 
arranged  in  an  arbitrary  position  with  respect  to  the  lamp,  for  example  in  a  luminaire  in  which  the  lamp  is 
mounted  or  in  a  post  to  which  the  luminaire  is  secured.  A  further  possibility  consists  in  that  the  starter  is 
arranged  in  the  lamp  cap. 

It  has  been  found  in  practice  that  in  the  known  lamp  the  lamp  voltage  exhibits  in  the  course  of  the  life  of 
25  the  lamp  after  mostly  an  initial  decrease  a  continuous  increase.  For  lamps  operated  with  alternating 

voltage,  this  also  leads  to  an  increase  of  the  reignition  voltage  after  each  change  of  polarity  of  the  supply 
voltage.  The  continuous  increase  of  the  lamp  voltage  and  of  the  reignition  voltage  results  in  the  lamp  being 
extinguished  and  hence  the  end  of  the  life  of  the  lamp  being  reached.  In  general,  a  decrease  of  lamp  voltage 
leads  to  a  decrease  of  power  and  to  a  decrease  of  the  luminous  flux  of  the  lamp. 

30  The  invention  has  for  its  object  to  provide  a  means  for  reducing  the  continuous  increase  of  lamp 
voltage  during  the  life  of  the  lamp.  The  invention  further  has  for  its  object  to  lengthen  the  life  of  the  lamp 
and  without  increasing  as  far  as  possible  the  variation  of  the  lamp  efficiency  during  the  life  of  the  lamp. 

According  to  the  invention,  a  lamp  of  the  kind  mentioned  in  the  opening  paragraph  is  characterized  for 
this  purpose  in  that  the  space  enclosed  by  the  outer  bulb  also  accommodates  a  closed  holder,  which 

35  contains  at  least  helium  and  whose  wall  mainly  comprises  glass-forming  constituents.  The  term  "glass 
forming  constituents"  is  to  be  understood  herein  to  mean  substances  SiO2,  B2O3  and  P2O5  alone  or  in 
combination. 

The  lamp  according  to  the  invention  is  found  to  exhibit  a  continuous  increase  of  the  lamp  voltage, 
which  is  significantly  reduced  with  respect  to  the  known  lamp.  As  far  as  the  life  of  the  lamp  is  limited  by  the 

40  increase  of  the  lamp  voltage,  the  latter  is  lengthened  in  the  lamp  according  to  the  invention.  The  efficiency 
of  the  lamp  according  to  the  invention  is  found  to  be  comparable  with  that  of  the  known  lamp. 

The  invention  can  be  explained  as  follows.  During  the  life  of  the  known  lamp,  the  thermal  management 
is  found  to  vary,  also  due  to  the  influence  of  blackening  of  the  ends  of  the  discharge  vessel,  as  a  result  of 
which  the  coldest  spot  temperature  increases.  An  increase  of  the  coldest  spot  temperature  results  in  an 

45  increase  of  lamp  voltage. 
A  method  of  influencing  the  thermal  management  in  such  a  manner  that  the  heat  dissipation  of  the 

discharge  vessel  is  increased,  which  results  in  a  decrease  of  the  coldest  spot  temperature,  consists  in 
reducing  the  vacuum  around  the  discharge  vessel.  This  is  known  per  se.  for  example,  from  US  —  PS 
3,932,781.  In  this  case,  heat  dissipation  is  obtained  by  heat  conduction  throughout  the  surface  of  the 

so  discharge  vessel.  However,  this  generally  influences  the  efficiency  of  the  lamp.  In  this  known  method  of 
influencing  the  thermal  management,  an  influence  is  exerted  which  is  the  same  during  the  whole  life  of  the 
lamp.  On  the  other  hand,  the  increase  of  lamp  voltage  ascertained  is  a  phenomenon  which  increases  with 
time. 

It  is  known  that  helium  can  diffuse  through  quartz  and  glass  under  the  influence  of  temperature.  It  is  a 
55  surprise  to  find  that  a  closed  holder  containing  helium  and  having  a  wall  comprising  for  the  major  part 

glass-forming  constituents  in  the  operating  condition  of  a  high-pressure  sodium  discharge  lamp,  when  this 
holder  is  arranged  in  the  evacuated  space  enclosed  by  the  outer  bulb,  is  heated  to  such  a  temperature  that 
the  helium  diffuses  to  such  an  extent  into  the  enclosed  space  that  the  increase  of  the  lamp  voltage  is 
considerably  reduced.  Although  due  to  the  diffusion  of  helium  the  initial  decrease  of  the  lamp  voltage  can 

eo  be  slightly  enlarged,  this  is  found  to  have  only  little  influence  on  the  lamp  efficiency. 
Preferably,  the  closed  holder  is  arranged  near  one  end  of  the  discharge  vessel.  This  affords  the 

advantage  that  the  closed  holder  intercepts  a  minimum  part  of  the  emitted  visible  radiation  and  reaches  a 
sufficiently  high  temperature. 

In  a  preferred  embodiment  of  the  lamp  according  to  the  invention,  the  wall  of  the  closed  holder 
65  comprises  a  molar  fraction  of  glass-forming  constituents  which  is  at  least  65  and  at  most  90.  With  a  molar 
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fraction  higher  than  90,  helium  diffusion  occurs  in  practice  at  such  a  speed  that  initially  the  influence  of  the 
voltage  decrease  is  considerably  larger  than  the  increase  of  lamp  voltage  to  be  counteracted.  This  results  in 
an  initial  strong  decrease  of  the  lamp  efficiency,  which  is  unacceptable. 

A  molar  fraction  smaller  than  65  results  in  that  the  helium  diffusion  proceeds  at  such  a  low  speed  that  a 
5  continuous  increase  of  the  lamp  voltage  can  be  only  effectively  counteracted  by  the  use  of  a  large  surface 

of  the  closed  holder. 
In  an  advantageous  embodiment,  the  following  relation  holds  for  the  closed  holder: 

0  
10  2.5  105  s=—  *S1O6, 

V.d 

where  0  is  the  area  of  the  outer  surface  pervious  to  helium  of  the  closed  holder  in  m2,  V  is  the  volume 
enclosed  by  the  closed  holder  in  m3  and  d  is  the  thickness  of  the  wall  of  the  closed  holder  in  m.  If  the 

is  relation 

V.d 
20 

has  a  value  larger  than  106,  the  helium  is  found  to  diffuse  so  rapidly  through  the  wall  of  the  closed  holder 
that  with  a  life  of  about  2000  operating  hours  this  may  lead  to  a  decrease  of  efficiency  of  the  lamp  of  about 
10%  or  more  as  compared  with  a  known  lamp  with  the  same  life. 

The  case  where  the  value  of  the  said  relation  is  smaller  than  2.5  10s  has  the  disadvantage  that  helium 
25  diffusion  is  so  small  that  the  influence  on  the  heat  dissipation  and  hence  the  suppression  of  a  continuous 

increase  of  the  lamp  voltage  can  be  neglected  unless  special  steps  are  taken,  such  as  very  high  filling 
pressure  of  the  helium  or  additional  heating  of  the  closed  holder. 

In  a  further  advantageous  embodiment,  the  following  relation  holds  for  the  lamp: 

30  '  V 
24  =£  —  .  P  =S  94,  where 

Vb 

V  is  the  volume  enclosed  by  the  closed  holder  in  m3; 
35  Vb  is  the  volume  of  the  space  enclosed  by  the  outer  bulb  in  m3  and 

P  is  the  filling  pressure  of  the  helium  in  the  closed  holder  at  300  K  in  Pa. 
It  holds  also  in  this  relation  that  if  the  value  of  the  relation  is  larger  than  94  the  helium  diffusion 

proceeds  at  such  a  high  speed  that  this  initially  leads  to  a  considerable  decrease  of  efficiency  of  the  lamp. 
At  a  value  of  the  relation  smaller  than  24,  additional  steps,  such  as,  for  example,  additional  heating  or 

40  reduction  of  the  wall  thickness,  prove  to  be  necessary  in  order  to  obtain  an  effective  reduction  of  the 
increase  of  the  lamp  voltage. 

A  lamp  according  to  the  invention  will  be  described  more  fully  by  way  of  example,  with  reference  to  a 
drawing. 

An  outer  bulb  1  of  a  high-pressure  sodium  discharge  lamp  is  provided  with  a  lamp  cap  2  and  encloses 
45  an  evacuated  space  13,  in  which  a  discharge  vessel  3  is  arranged.  The  discharge  vessel  3  is  provided  at 

each  of  its  both  ends  with  an  electrode  4,  5.  In  the  operating  condition  of  the  lamp,  a  discharge  takes  place 
between  the  electrodes  4  and  5.  The  electrode  4  is  connected  by  means  of  a  metal  strip  6  to  a  rigid  supply 
conductor  7.  This  supply  conductor  7  leads  to  a  connection  member  of  the  lamp  cap  2.  The  electrode  5  is 
also  connected  via  a  metal  strip  8  to  a  rigid  supply  conductor  9,  which  leads  to  another  connection  member 

so  of  the  lamp  cap. 
Reference  numeral  10  designates  a  closed  holder,  which  is  provided  with  a  glass  wall  10a.  By  means  of 

wires  11,  12  which  are  secured  to  the  current  conductor  9,  the  holder  is  positioned.  Another  possibility 
consists  in  positioning  the  holder  by  means  of  a  single  wire.  It  is  also  possible  to  secure  the  positioning 
wires  to  the  supply  conductor  7. 

55  A  practical  case  related  to  a  high-pressure  sodium  lamp  designed  for  dissipation  of  70  W  and  to  be 
operated  at  a  voltage  source  of  220  V,  50  Hz,  in  conjunction  with  an  external  starter.  The  evacuated  space  13 
enclosed  by  the  outer  bulb  1  had  a  volume  Vb  of  260  10~6  m3.  The  closed  holder  10  had  a  volume  V  of  1.7 
10~6  m3,  a  surface  pervious  to  helium  of  7.9  10~4  m2  and  a  wall  thickness  of  the  glass  wall  10a  of  0.9  mm. 
The  helium  filling  pressure  at  300  K  in  the  closed  holder  10  was  7  kPa.  Thus,  for  the  closed  holder  the 

60  relation 
0 

V.d 

65  had  a  value  of  5.1  105.  For  the  lamp  the  relation 
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v 
—  .p  

vb 

had  a  value  of  47.  The  wall  10a  of  the  closed  holder  consisted  of  glass  comprising  as  a  glass-forming 
constituent  SiO2  in  a  molar  fraction  of  77.  During  operation  of  the  lamp,  the  wall  of  the  closed  holder  had  a 
temperature  of  about  180°C.  The  lamp  voltage  and  the  lamp  efficiency  of  the  lamp  described  have  been 
measured  several  times  during  the  life.  This  also  holds  for  a  lamp  according  to  the  prior  art,  which  was 
proportioned  accordingly.  The  results  are  stated  in  the  table  below,  the  values  of  the  lamp  voltage  and  of 
the  efficiency  being  expressed  in  %  with  respect  to  the  values  with  a  life  of  100  operating  hours.  Further- 
more,  similar  results  are  stated  of  lamps  designed  for  a  dissipation  of  150  W  and  400  W. 

TABLE 

w 

lamp  power  (W)  70  70  150  150  400  400 

closed  holder 
helium  present  yes  no  yes  no  yes  no 

lamp  voltage  after  100  h  100%  100%  100%  100%  100%  100% 

hours  operating  2000  h  92%  96%  86%  95%  94%  99% 

5000  h  —  —  80%  100%  89%  101% 

10000  h  121%  141%  —  —  —  — 

lamp  efficiency  100  h  100%  100%  100%  100%  100%  100% 

after  hours  2000  h  90%  93%  99%  99%  99%  98% 

operating  10000  h  87%  86%  —  —  —  — 

15 

20 

25 

30 

35 

It  appears  from  the  table  that  the  lamp  according  to  the  invention,  designed  for  70W,  has  an  increase  of 
the  lamp  voltage  about  20%  less  than  the  known  lamp  after  10.000  operating  hours.  Although  none  of  the 
two  lamps  had  reached  the  end  of  their  lives,  it  may  be  expected  on  account  of  the  course  of  the  increase  of 
the  lamp  voltage  that  the  lamp  according  to  the  invention  will  have  a  life  which  is  about  25%  longer  than 
that  of  the  known  lamp. 

In  the  lamp  according  to  the  invention  designed  for  70  W,  the  helium  pressure  in  the  evacuated  space 
was  0  Pa  after  100  operating  hours  and  3.6  Pa  after  10,000  operating  hours.  The  helium  pressure  in  the 
closed  holder,  measured  at  300  K,  had  decreased  from  7  kPa  after  100  operating  hours  to  6.2  kPa  after 
10.000  operating  hours. 

Claims 

1.  A  high-pressure  sodium  discharge  lamp  intended  to  be  operated  in  conjunction  with  an  internal 
starter  without  a  glow  discharge  or  with  an  external  starter,  this  lamp  having  an  outer  bulb  which  is 
provided  with  a  lamp  cap  and  encloses  an  evacuated  space  in  which  a  discharge  vessel  is  arranged, 
characterized  in  that  the  space  enclosed  by  the  outer  bulb  also  accommodates  a  closed  holder,  which 
contains  at  least  helium  and  whose  wall  mainly  comprises  glass-forming  constituents  SiO2,  B2O3  and  P2O5 
alone  or  in  combination. 

2.  A  lamp  as  claimed  in  Claim  1,  characterized  in  that  the  closed  holder  is  arranged  near  one  end  of  the 
discharge  vessel. 

3.  A  lamp  as  claimed  in  Claim  1  or  2,  characterized  in  that  the  wall  of  the  closed  holder  comprises  a 
molar  fraction  of  glass-forming  constituents  which  is  at  least  65  and  at  most  90. 

4.  A  lamp  as  claimed  in  any  one  of  the  preceding  Claims,  characterized  in  that  for  the  closed  holder  the 
following  relation  holds: 

40 

45 

50 

55 

60 

2.5  105  s=—  =s  106,  where 
V.d 

65 
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0  is  the  area  of  the  outer  surface  pervious  to  helium  of  the  closed  holder  in  m2, 
V  is  the  volume  enclosed  by  the  closed  holder  in  m3  and  d  is  the  thickness  of  the  wall  of  the  closed 

holder  in  m. 
5.  A  lamp  as  claimed  in  any  one  of  the  preceding  Claims,  characterized  in  that  for  the  lamp  the 

5  following  relation  holds: 

V 
24  ss  —  .  P  =S  94,  where 

Vb 
10 

V  is  the  volume  enclosed  by  the  closed  holder  in  m3. 
Vb  is  the  volume  enclosed  by  the  outer  bulb  in  m3  and 
P  is  the  filling  pressure  of  the  helium  in  the  closed  holder  at  300  K  in  Pa. 

;5  Patentanspriiche 

1.  Hochdrucknatriumentladungslampe  zum  Betrieben  in  Zusammenarbeit  mit  einer  Innenzund- 
elektrode  ohne  Glimmentladung  oder  mit  einem  Aufcenzunder,  wobei  die  Lampe  einen  mit  einem  Lampen- 
sockel  versehenen  AuBenkolben  enthalt,  der  einen  evakuierten  Raum  einschlieBt,  in  dem  ein  Entladungs- 

20  gefalX  angeordnet  ist,  dadurch  gekennzeichnet,  dalS  sich  in  dem  vom  AuBenkolben  eingeschlossenen 
Raum  ein  geschlossener  Behalter  befindet,  der  wenigstens  Helium  und  dessen  Wand  hauptsachlich  glas- 
formende  Bestandteile  SiO2,  B203  und  P2O5  allein  oder  in  Kombination  enthalt. 

2.  Lampe  nach  Anspruch  1,  dadurch  gekennzeichnet,  daG  der  geschlossene  Behalter  nahe  bei  einem 
Ende  des  EntladungsgefaSes  angeordnet  wird. 

25  3.  Lampe  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dalS  die  Wand  des  geschlossenen 
Behalters  einen  molaren  Bruchteil  von  glasformenden  Bestandteilen  enthalt,  der  wenigstens  65  und 
hochstens  90  betragt. 

4.  Lampe  nach  einem  oder  mehreren  der  vorangehenden  Anspriiche,  dadurch  gekennzeichnet,  dalS  fur 
den  geschlossenen  Behalter  folgende  Beziehung  geschrieben  werden  kann: 

30 
O 

2,5  1  0s  <  —  <  1  06,  worin 
V.d 

35  O  das  fur  Helium  aus  dem  geschlossenen  Behalter  durchlassige  Gebiet  in  m2  ist, 
V  das  vom  geschlossenen  Behalter  eingeschlossene  Volumen  in  m3  ist, 
d  die  Wanddicke  des  geschlossenen  Behalters  in  m  ist. 
5.  Lampe  nach  einem  oder  mehreren  der  vorangehenden  Anspriiche,  dadurch  gekennzeichnet,  dalSfiir 

die  Lampe  folgende  Beziehung  geschrieben  werden  kann: 
40 

V 
24  <  —  .  P  <  94,  worin 

Vb 

42  V  das  vom  geschlossenen  Behalter  eingeschlossene  Volumen  in  m3  ist, 
Vb  das  vom  AulSenkolben  eingeschlossene  Volumen  in  m3  und 
P  der  Fiji  Id  ruck  des  Heliums  im  geschlossenen  Behalter  bei  300  K  in  Pa  ist. 

Revendications 
50 1.  Lampe  a  decharge  dans  le  sodium  a  haute  pression  destinee  a  fonctionner  en  combinaison  avec  un 

starter  interne  sans  decharge  a  lueur  ou  munie  d'un  starter  externe,  cette  lampe  presentant  une  ampoule 
exterieure  qui  est  munie  d'un  culot  de  lampe  et  qui  enferme  un  espace  vide  d'air  dans  lequel  est  disposee 
une  enceinte  a  decharge,  caracterisee  en  ce  que  I'espace  enferme  par  I'ampoule  exterieure  contient 

55  egalement  un  recipient  ferme  qui  contient  au  moins  de  I'helium  et  dont  la  paroi  est  essentiellement 
constitute  par  les  composants  formateurs  de  verre  SiO2,  B2O3  et  P2O5  seuls  ou  en  combinaison. 

2.  Lampe  selon  la  revendication  1,  caracterisee  en  ce  que  le  recipient  ferme  est  dispose  pres  d'une 
extremite  de  I'enceinte  a  decharge. 

3.  Lampe  selon  la  revendication  1  ou  2,  caracterisee  en  ce  que  la  paroi  du  support  ferme  contient  une 
60  fraction  molaire  de  composants  formateurs  de  verre  qui  se  situe  entre  au  moins  65%  et  au  maximum  90%. 

4.  Lampe  selon  I'une  des  revendications  precedentes,  caracterisee  en  ce  que  pour  le  recipient  ferme,  il 
s'applique  la  relation  suivante: 
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o  
2,5  10s  <  —  <  106,  ou 

V.d 

O  est  la  superficie  de  la  surface  exterieure  permeable  a  1'helium  du  recipient  ferme  en  m2 
V  est  le  volume  enferme  par  le  recipient  ferme  en  m3  et 
d  est  I'epaisseur  de  la  paroi  du  recipient  ferme  en  m. 
5.  Lampe  selon  I'une  des  revendications  precedentes,  caracterisee  en  ce  que 

V 
24  <  —  .  P  <  94,  ou 

Vb 

ts  V  est  le  volume  enferme  par  le  recipient  ferme  en  m3, 
Vb  est  le  volume  de  I'espace  enferme  par  I'ampoule  exterieure  en  m3  et 
P  est  la  pression  de  remplissage  de  rhelium  dans  le  recipient  ferme  a  300  K  et  Pa. 
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