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LEE TFSTS OF ELECTRIC DISCHARGE LBMPS 

This  report  glves  the results of a study of the cold-cathode 

e l ec tnc   ducha rge  lamps used I n  approach llghts. The primary purpose 

of these tests mas to   increase   the  useful l i f e  of the  lamps end thereby 

reduce  the  cost of maintenance. To t h i s  end, measurements of the effects 

of mng the voltage, gas pssure,  and other character is t ics   affect ing 

the l i f e  and light-output have  been made. Possible  modifications of the 

speciffcations, and accelerated lFfe tests are considered. 

The lampa f o r  peon approach l i g h t s  are hbula? cold-cathode neon 

lamps, 79 inches long a d  only one-third of an inch  I n  outaide diameterl. 

The replacement of these lampa is one of the  nuisance k k s  t h a t   f a l l   t o  

t h e   l o t  of the a i m y  mechanician. The unnieldy proportions and de l ica te  

construction of the  lamps make them d i f f i c u l t  t o  handle i n  the rough and 

often windy conditions of the  approach lanes. Four or f ive miles may 

have t o  be traveled  betmen  the a l m y  headquarters buildbg and the imit 

needing relamping.  Often the tune cost  of replacing a lamp may be out of 

all proport ion  to  the cost  of the  lamp itself. The preaent prosect has 

been carried out for the purpose of mcreaamg the l i f e  of neon a-oach- 

Ught Lamps. 

Administration  specification # C M .  
Neon lamps for approach lights are spec i f ied   in  C i v i l  Aeronautics 



- 2 -  

The or lgmal   spec i f ica t ion   for  neon lamps fo r  approach l i gh t s  

requlred a guaranteed l i f e  of 1,000 hours. The lamps furnshed  var ied 

grea t ly  In l i f e ,  and a large number of them had t o  be replaced by the 

contractor  because of f a i l u r e   t o  last for the  guaranteed  period. Subse- 

quent  speclflcatlons  eliminated  the  guaranteed h f e  and s e t  up a method 

of  payment based on t h e   r a t l o  of actual  l i f e  of selected lamps to   the  

speclfied 1Lfe. 3me lamps selected from one contract had a t e s t   l i f e  

of more than 15,000 hours,  while more than one-thmd of the lamps se- 

lec ted   for  life t e s t  on the  same contract had l l v e s   i n  excess of 10,000 

1 1 0 ~ 8 .  On the other hand, two-thirds of the  lamps selected on another 

con t rac t   f a i l ed   i n  less than 400 hour#. 

It 1s impossible t o   s a y  from the appearance of a neon lamp 

+ether it mll give 200 hours or 20,000 hours of service. There a r e  

confllctlng  opinions among the  manufacturers  of neon lamps as t o  what 

is  e s sen t i a l   t o  long h f e .  The great  variation i n  the l i fe  of lamps 

furnished by the  same contractor s h m   t h a t  none of the  opinions con- 

ta ins   the  f u l l  secre t  of making uniformly long-life lamps. If some 

method of consistently making such lamps coulr~ be specified, or If an 

initial test to distinguish  betueen long- and short- l i fe  lamps were known, 
the  replacement  costa  could be considerably reduced. 

Some progress  has been made towards p r e d i c t i n g   t h e   l i f e   e x p e c t  

ancy of neon lap. This report  summarizes and discusses the more sig- 

n l f icant  data obtained in a s e n e 8  of tests covering  the  operating  char- 

ac t e r l s t i c s  of neon lampa throughout  the  Uves of the lamps. The re la-  

tionship of measured character is t ics  to t h e   l i f e  expectancy  suggests a 

method for estimating the average l i f e  t o  be expected  from a l o t  of 
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neon lamps based on the results of a 1,000-hour operating test. 

The basic  data of t h s  report  have been derlved from f lve  

groups of tests: inspection data and reported l d e  from C.A.A. regional 

offices, h f e  tests of inspectoral samples sent  to  the  Natlonal Bureau 

of Standards, m e  tests on r e f l l l e d  lamps, t e s t s  on four  expermental 

lamp, and tests on  lamps f l l l e d   t o   u f e r e n t  pressures. 

I n  accordance  vnth  the f i r s t  neon approach-light lamp specifi-  

cation,  the measurements of the initial character is t ics  of the  lamps 

were made during  the  lactory  inspection. The lives of the  lamps were t o  

be reported by tne C.A.A. regional offices.  only one l o t  of lampa 

(Manufacturer A) mas purchased  under th l s   spec l f lca t lon .  Table I shows 

the   resu l t s  of the lmtlal measurements  and reported lives of those lamps 

a t  f i v e  airpats. Later  speclflcations requlred tha t   a f te r   the   fac tory  

lmpsct ions were completed  sample  lamps were t o  be l i fe  tested.  Measure- 

ments of voltage and Intensi ty  were made on these samples throughout h f e .  

Tables 11, I11 and I V  (Manufacturers B, C, and D, respectively) 

sunm!arum the lrntlal measurements and l ife.  In t ab le  V a r e  presented the 

resu l t s  of the  imtlalmeasurements a d  h f e  t o   da t e  of t h e  samples frm 

the last contractor  (Manufacturer E). Three of the lamps listed i n  tab le  

I11 rere ref i l led  with neon gas by t h e  manufacturer after they had become 

lnoperatlve during l l f e   t e s t s .  The subsequent l i v e s  of the  lamps, i,,- 

cludlng the l l f e  of one lamp r e f i l l e d  a second tub, are given 111 tablo 

VI. Table PII lists the imt i a l  character is t ics  and l i f e  t o   d a t e  of 

f o u r  experimental approach-light lamps Irhch  the  manufacturer (F) sub- 

@tied bvl~ very long 11vea. 

47a3?76 
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h t l a l  measurements of mtenslty,  operating  voltage, and chroma- 

t i c l t y  of d t t a d   l i g h t  were made  on 15 expermental neon lamps submitted 

by a manufacturer (a) nfio nas interested In this p ropc t .  These  lamp^ 

were a h k e ,  except that they were f l l l e d   n t h  neon gas a t   d i f f e r e n t  

preseures. 

W LIFE. OPEUTIN VOLTAGE. AND INTEXSITY 

A study of t h e   d a t a   f o r   t h e   i d v i d u a l  lamps l i s t e d  i n  tables  I, 

U, 111, and IV shows that there  1s no very dependable correlation between 

t h e   l n l t i a l  operating cha rac t ens t i c s  and subsequent l d e .  The hm 

causes for the  var ia t ion of the h t l a l  cha rac t e r id l c s  and l i fe  of neon 

lamps include  the type of electrodes,  the  mside  dmmeter of the  tube,  the 

in te rna l  volume  of the lamp, the  gas pressure, the  purity of the gas, and 

t h e  degass- techmque. The factors  involved are so numerous it 1 8  not 

surprising thab the Fnitial operating  voltage and intensslty seem t o  have 

ILt t le   correlat ion with M e .  

An examination of the  average  lni t la l   character is t ics   by groups 

In  each of the  above t ab les  shows, however, that   there  1 s  a tendency for 

those lamps having loner l r n t l a l  operating voltages to have longer  lives. 

T b  1s true for the lamps l i s t e d  I n  tables  I, I1 and IV. I n  tab le  111 

the lamps i n  the mlddle group depart from thls trend. The average  volt- 

ages of the above three  groups b f f e r  so l i t t l e  as not t o  be s i g u f l c a n t  

In  v1w of t he   Mlv idua l   va r l a t lons  a d  the sraal' number of  lamps i n  each 

group. This tendency is  cons is ten t   mth  the results of operating  voltage 

measurements made  on a l l  the lamps of tables  I1 and I11 durlng  thelr  l lves  
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and the maxurmm operating vol tage  character is t lc  3f the  transformers  with 

whxch the lamps were operated.  Flgure 1 shows the   resu l t s  of several  o p  

erating  voltage measurements made on the lamp h a n n g   t h e   s h o r t e s t   l l f e  

and on the  lamp having  the  longest  hfe,  of those lamps l i s t e d   i n  table 

’ 111. Slrmlar r e su l t s  for two of the lamps of t ab le  I1 are   presented  in  

flgure 2. The lncreaslng  voltage  throughout  the  l lfe of these  four lamps 

a f t e r   an   l ru t l a l   pe r lod  of e r r a t l c   v a n a t i o n  i s  charac te r l s t le  of a l l  

lamps t h a t  have been life tes ted .  

The t e m n a t l o n  of t h e   l l f e  1 s  flxed by the  voltage  whch 

the  transformer can pronde  a t  the normal operatlng  current. Regular a p  

proach-llght  transformers  hanng a maximum operatlng  voltage of the  order 

of 1,700 volts were used to   operate   the lamps throughout  thelr  lives. The 

r e s l d u a l   l l f e  of any lamp operated by one of these  transformers,  therefore, 

depends bn t h e   r a t e  a t  which the  operatlng  voltage of the lamp increases 

m t h  tune and the  voltage  the  transformer can  supply. It fol lows  that  for 

lamps hanng  the  same r a t e  of Increase of operatmg  voltage,  those  having 

lower Initla1  operatlng  voltages  should have the  longest   l ives .  

The reason  for  the  lncreaslng  operatlng voltage with l i fe  can  be 

explained by the  generally  accepted  theory  that  durmg  the  operatlon of 

an electr lc   dlscharge lamp, the  gas i s  absorbed by the  sputtered  electrode 

material, and also perhaps by the  electrodes.  The f o l l o m n g   t e s t   r e s u l t s  

and obsematlons  conflrm  this  theory. 

The average  results of the measurements of operatlng  voltage, In- 

tensi ty ,  and chromatlclty of the  ermtted  l lght  for each group of three 

lamps f l l l e d  t o  pressures of 3, L, 6, 8, and 12 mm of mercury, respectively, 

a r e  shown i n  f igure  3 .  The chromaticlty 1s represented by the  y-coordinate 

J4-22a76 
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of the  International Comrmsslon on Illumination chromaticlty dlagram. For 

the  color  ln  questlon,  the  larger t h e  value of the  y-coorhnate  the  yellower 

the  amit ted  hght .  These resu l t s  show that the operating voltage and the 

intensi ty   lncrease a d  the  ermtted  l lght becomes yellower as the  pressure 

decreases from I 2  t o  3 mm of mercury. 

I n  addition to e e  m v e s  sh-g tha t   t he   op ra tmg   vo l t age  irr. 

creases throughout M e ,  there   are  a l so  presented m figures  1 and 2 the 

r e su l t s  of In t ens i ty  measurements made  on the same lamps throughout t h e l r  

l ives .  The lncrease of i n t e n s l t y   m t h  tlmc of operailon durlng the   mqor 

portion of L f e  i s  llkemse character ls t lc  of a l l  lamps t h a t  have  been 

M e  tes ted.  It has a l s o  been observed that   the   l lght   ermtted  by  these 

lamps is perceptibly yellower tonard  the end of W e  than It mas l n l t i a l l y .  

These  changes of mtensl ty ,   operatug  vol tage,  a d  color n t h  h 4 e  are 

compatible m t h  the slrmlar changes of the same quantities n t h  pressure, 

z a  evldenced b y  flgure 3 ,  ard are i n  accord n t h  the  theory of gas  deple- 

t i o n   m t h   l i f e  

It has been observed,  moreover, that the perceptlble  deposlt of 

sputtered m-teterial near  the  electrodes increases i n  area and becomes  more 

opaque, l d l c a t l n g  that the  electrodes  contlnue t o  sputter  throughout  the 

life of the  lamp. That the l l f e  of a lamp is n o t   l m i t e d  because of the 

failure of the  electrode is i d l c a t e d  by the   resu l t s  of t h e   h f e   t e s t s  of 

the r e f i l l e d  lamps listed i n   t a b l e  VI. 

DISCUSSION 

From t.ke t es t s   descnbed ,  it would appear  advantageous t o  reduce 

A--aaz 16 
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the  rmnmum l n l t l a l  Intensity r e q u r e d  by the  speclflcabom from 8.5 t o  

6.0 candles  per  &inch  length  whxh i s  a  reduction of o n l y  6 percent. 

Accordng to   the  curves s h m  on flgure 3, decreasing  the caudle- 

power muld pernut a h ighe r   i n l t i a l  pressure, hence a greater gas  content, 

by weelght,  and consequently a longer l i f e .  It 1s notlceable i n  t ab le  I1 

tha t  the lamps mith ttae longest   l ives  had l n l t l a l  l n t ens l t i e s  of about 

8.0 candles. Even the  6 percent   sacnf lce   In   in tens l ty  1s not  pemansnt, 

as  the neon lamps Increase   In   i r i tmsl ty   dunng  the   g rea te r  part of t h e i r  

lives. T h s  change In  speclf lcat lons muld also  save much time t h a t  is 

r equred  for the   repe t l t lon  of qual l f lcat lon tests, smce  this require- 

ment has frequently proved t h e  most difficult one t o  met. 

It would also ~ e e m  advantageous t o  reduce the nsxhnu  oper- 

ating  voltage requirement from 1,@ t o  1,350 voltq. Thie reduction would 

make unacceptable four of the lamps l i s t e d  in t ab le  IV ard one of the 

lamps i n  table  II. The four unacceptable lamps i n  tab lo  I V  had l ime of 

l e a s  than 325 hours. Although the  umcceptable lamp of table 11 had a 

l i f e  of 4,204 hours, the  average l i f e  of a l l  the lamps i n  t he   t ab l e  would 

be Increased from 9,94.l t o  10,300 hours  by eliminatlng t h a  one lamp. 

It would further  appear  advisable to reduce  the mnmm oper- 

a t lng   vo l tage   requi rmnt  from 1,150 t o  1,000 v o l t s   t o  permit the  accept- 

ance of lamps which may have operating voltages leas than  those listed 

m table VII. I n  vim of the 1,000-hour t e s t   d i scussed   l a t e r  it is 

be l ieved   tha t   the  lamp of t h l s   t ab l e  will have sa t i s fac tory  lives. One 

of the lamp had an imtial  operatmg  voltage  less  than  the  present mid- 

mum requuesnent. The 1,000-volt rmlllll~um IS desirable becauae  the  approach- 
<-3217c  
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L g h t  transformers might operate a t  excessive tmpratures i f  they were 

to   opsrate  lamps a t  voltages much below t h s  d u e .  

Since  the lamps h s t e d  m tables  I1 a d  I11 average well over 

3,000 hours, It is evident  that  such lamps can be made a l t h  reasonable 

conslstency. It would therefore   be  feasible   to  amend the  speciflcations 

to   r squl re  3,000 hours  average lxfe for the l l f e  test sample lamps. 

A l l fe  t e s t  for 3,000 hours  requires a t  l e a s t  4 months, arrl i f  

sore of the lamps fa i l  much before 3,000 hburs,  the  testlng may conthue  

seve ra l   adh t lona l  months before a l l  t h e  lamps f a i l  or an  average l i fe  of 

3,000 hours i s  attained. To saw time for the tes t ing  laboratory ami t o  

make posslble an ear l ier   determimtlon of the  acceptabi l i ty  of t h e  lamps, 

It i s  des i r ab le   t o  have a t e s t  procedure which can  be carrled  out in l eee  

time and which nevertheless ml1 msure that the  ul tbate  lLfe of the lamps 

m.U be sa t i s fac tmy.  

In general,  the  rate of increase of operating  voltage a t  any time 

during W e  i s  different  f o r  each lamp of any one manufacturer.  Neverth+ 

less, the average  rate of Fncrease  of  voltage for a l l  the  lamps is indick. 

Live of t h e  mean l i f e  expectancy of the group. A similar  relationship 

holds  for the intensi ty   during  the mqor part of the  Llfe of t h e  haw. 
These re lat ionships  obviously hold m figures  1 and 2 whether om? 

considere  the two lamps of one manufacturer ar compares lampa of both man- 

facturers.  It f o l l o m  tht the rate of increaae of the product of O p T -  

ating  voltage and intensity d w  the  first pa r t  0-4 l i f e  i e  a more eerml- 

t i v e  measure of expected l i fe  than e i the r  measurement done, especially f o r  

lamps having long  w e .  

J’2227G 
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The products of voltage ard candlepower mre computed from several  

measurements for each lamp l i s t e d   i n   t a b l e s  11, I11 and VII, far t h e  six 

lamps of table IV havlng h v e s  greater  than 300 hours, and f o r  the last 

seven lamps l i s t e d   i n   t a b l e  V. The average  increases of these products 

above t h e  average lmtlal products for  various  times of operation  for  the 

lamps of each  manufacturer  are presented In   f l gu re  4 .  This  increase  for 

the  hpa havlng an  average l d e  of 3,422 hours is consistently  greater 

a f t e r  500 hours of operatlon  than  the  corresponding  increase for the lamps 

havlng an average l l f e  of 9,941 hours. Although only one point mas o b k n a -  

ble for the lamps havlng an average M e  of 569 hours, it is  apparent that 

t h e   r a t e  of  Increase of the  average  product for thew lamps 1s q u t e  large. 

Thus, the   increase  in  this average  product a t  the end of the first 

1,000  hours of lamp operatzon  could have  been used as an index of the aver- 

age l i f e  expectancy f o r  each of the groups of lamps for nhch lFfe  data  

have been obtamned.  Hence, it should  be  possible by specifying e maximum 

Increment for  the  product of the  operating  voltage  and  intensity a t  the 

end of the  flrst 1,000 hours of operat ion  to  insuraa satisfactory  average 

lamp l s f e .  Since  the  increments  for the h p s  of tables V a d  VII w e  

these lamps should have long hves. 

The 1,000-hour t e s t  can not yet be considered  completely  reliable, 

as only  two seta of samples having average lives longer than 3,000 hours 

have  been studied. I n  d e n  of the results shown i n  tab le  VIII f o r  the 

lamps havlng an average l i f e  of 3,- hours, it mould appear that   the   fol-  

lowing requirements muld es tab l i sh  a prac t ica l  l i f e  test  baeia. 
<--1aZ7c 
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1. Not more than one  of each  10 lamps, or fraction  thereof 

s h a l l  f a i l  befom 1,000  hours of operation. 

2. The increase of the  product of voltage srd intensity over 

the initial product of voltage ard in t ens i ty  for not more than one of 

each 10 lamps, or fraction  thereof,  shall exceed 5.5 hlovol t -candles  a t  

the  end of 1,000  hours of operation. 

3. The average of tha increments of the  products of voltage 

ard in tens i ty  over the i n i t i a l  products of voltage ard I n t e n s i t y   f o r   a l l  

the  1saw operating a t  the end of 1,oOO hours shall not exceed 4.0 h l o v o l t -  

candles. 

IT, hmever,  the samples f d  on any one of t h e  above requirements, 

the group of lamps being t e s t ed  will not be consldered  acceptable untll the 

average l i f e  of the  samples  reaches 3,000 hours. 

It m y  happen tha t   the  sample lamps K ~ U  m e t  tha requrements  for 

the proposed 1,ooO-hour t e s t  and yet for some unforeseen reaaon f a l l  t o  give 

3,003 hours  average l d e .  It i s  believed, however, that such lamps viu not 

be i n f e n o r   t o  lamp that would meet the 2,OOfLhour reqwements  of the  pres- 

ent specification. Should t h I s   t e s t   b e  adopted,  the sample lamps should be 

operated, a t  l e a s t  for the present, until the  end of their lives in order t o  

obtam further confumabon of the reliability of the test. 

Suamarlalng the  proposals  considered ab7ve, the  following changes 

i n  specification CAA-8 are recommended. 

1. The i n t e n s i t y   t o  be not less than 8.0 candles per &inch  lengbh 

Instead of the  present  minimum of 8.5 candles. 
~--2aa7c 
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2. The maxllnum operatlng voltage to be 1,350 volts instead of 

1,400 volts, aril the minimum operatlng voltage t o  be 1,OOO volts instead 

of 1,150 volts. 

3. The average m e  of the sample laanpa selected by the inspec- 

tor to be 3,000 hours, instead of 2,000 hours. 

4. The speclficatlon should be amended to include  the 1,OOO- 

hour tes t  proposed in t h i a  Note as an optional accelerated life test. 



-1
2
- 

4
 

H
 

m
 

h
 

c
 z m
 

m
 

d
 

4
 

0
 

2 

0
0
0
0
0
0
0
0
0
0
0
 

m
n

m
+

m
n

o
m

l
n

m
 

0
 

d
d

d
d

d
d

r
l
r
l
d

d
r
l
 

d
 

N
N

N
N

N
(

v
N

N
(

v
N

a
 
2
 

r
l 

d
 

m
 



- 13 - 

m
 

n
 

H
 

m
 

m
 

rl 

?
"?

"?
" 

m
m

 m
w

 w
 m

 

?
"?

?
?

 
o

m
m

m
m

 
d
 





-9- 

TABLE V 

Initial  Characterlatics and Life of  Approach-Llght Lamps 
from llanufacturer E 

Operating 
Voltwe 
volts 

1260 

1240 
1260 

1240 
1260 
1350 
1240 

Intensity per 
&Inch l e e  LFfe 

Caadles hours t o  8-29-42 

8.7 
8.5 
8.6 

8.8 
8.5 

9.3 
8.4 

9.3 
8.7 

9.2 
9.5 

1500 (inoperative) 

1752 
2016 

2016 
1516 
1516 
1516 
1516 
1516 
1516 
1516 

Average  1279  8.86  1627 

TAEILR VI 

W e  of Refilled Neon Lamps 

I n i t i a l  Fil l ing 
hours 

1st Refilling 2nd Refilling 
houre hours 

11035 

4724 
5705 

8820 
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TABLE VI1 

Characteristics and U f e  of kperimental Approach-hght Lamps 
from Manufacturer F 

I n i t i a l  
Gperating Operating I n i t i a l  Intensity 
Voltage 

v o l t a  
per &inch length 

candles 
h f  e 

hours t o  8-2942 

1140 1160 
ll70 1210 
1170  1140 
1150 1170 

7.8 
9.9 
7.9 
8.4 

1953 
1953 
1953 
1953 

Average  1158 1170 8.5  1953 

TABLE VI11 

Operating-Voltage Intensity Increments at  lo00 Hours and Life 
of Lampa Iirsted I n  Table I11 

Increment at end 
of 1000 hours 

Mlovolt-candles 

6.6 
4.5 
5.7 
5.3 

4.1 
5.1 

4.9 

4.6 
4.9 

3.5 
2.8 
3.6 

3.0 
1.7 
3.8 

3.a 
2.5 
2.3 

Average 4.0 

Life 
hours 

1896 

2346 
2109 

2400 
2400 
2648 
3008 
3008 
3038 
3-423 
3697 
3967 
3967 
3967 
4515 
4733 
4885 
5589 

3422 
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FIGURE 1. Intensity and Voltage During Operating Life. 
Two Approach-hght Lamps of Table 111. 
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3 4 5 6 7 8 9 10 11 12 
PRESSURE IN MILLIMETERS OF MERCURY 

FIGURE 3.  Chromaticity (IC1 y-coordinate), Intenslty and Voltage 
vs. Pressure W t e e n  exp?nmental neon lamps n t h  

6Ollnlllampere  current mere tested. 
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