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1. 0 SUMMAR Y AND CONCLUSIONS

A tota l of 19 lamps were fa bricated during the course of this

progr am. Three of these lamps were considered prototype units  and

were fabricated for design ana lys is  and for fabrication and test

training of personnel .

Sixteen f ina l  design Radia t ion  Sources , Infrared (RS I’ s) were

fabricated;  of this group six were delivered to the Night  Vis ion Laboratory for

th’iir ev a lua t ion . Three lamps were tested according to the Qual ity

Assurance P lan of Section 4 . 0 of the Purchase Description . Four lamps were

accidental ly  broken. The remaining thre e Uni t s  either fa i led  phys ica l

inpsection tests or were consumed in some other way.

One RSI failed durin g the shock phase (70 .0 g ’ s) of the env ironmenta l

testing; there is reason to believe this fai lure was due to human error

in not properly securing the R SI in the shock mounting f ixture .

Al l  optical requirements of the Purchase Description were met

or exceeded ini t ia l ly  and throughout the life test of the RSI ’ s.

Electrical performance characteristics were met ini t ial ly . Only

slight variat ions from the specificat ion arose during the life test schedule .

The mechanical  manufactur in g requirements of the source control

drawing SC—D-64693 1 were achieved within the standard production

yield factors .

Although the requirements of the Purchase Description were met

with good yields during the course of this contract , future large volume

procurement s may not achieve a similar high yield factor. This results
from the criticality of cathode processing, and the Individual sk i l l s

required for this operation. Consequently,  ILC recommends that a de-

tailed cathode study program be performed by an experienced lamp manu—

facturer in order to establish a reproducible and deskilled procedure for
the processing of cathodes , as wil l  be required for high volume production .
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J L C  further r ecommends the Invest igat ion of the molybdenum cup

hermetic seal for the manufacture of PSI des ign .  Substantial  potential

cost savings can be expected in high volume production us ing  the cup

seal.

A lthough the requirements of the purchase description have been

met under ideal laboratory conditions , actual performance under the

continued and severe environments encountered In field operation may

greatly affect  lamp lif e.

ftC therefore recommends that the specif icat ions  be adopted

a fter actual field t est ing has been carried out .
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• 2 . 0 IN 1~ ODU CTION

The purpose of this pro gram was the evaluat ion of the technica l

specif icat ions in the purchase descr ipt i on Rad ia t i on  Source , Infrared

for Searchl ight , Infrared , AN/VSS—3A , dated 1 March 1973 , and the

adjunct drawing S C — D — 6 4 6 9 3 l , P SI , Xenon Short Arc , 1 kW. ” The

technical specif icat ions of the purchase  descr ipt ion were developed at a

Joint Covernment—Manufac turers  C )nference held at Fort Belvoir ,

Vir ginia in December 1972.

2 . 1 Objectives

The pr incipal  obj ective of the evaluat ion pro gra m was determinat ion

of suitability of the Purchase Description , as written , to provide an accurate

specification for procurement of PSI , Xenon Short Arc devices.  Although

al l  mech anical  requirements ~f the drawing SC-D—646931 were main ta ined

• during fa brication of the lamps , emphasis  during the lamp performance

eva luation was mainly  concerned with electrical and optical  performance .

2. 2 Approach

The approach delineated in the contract provided for JLC to

design and fa brIcate 10 P SI ’ s and test certain electrica l and optica l

parameters.  After inspection of these units  at TIC by the Contra cting

Officer ’s Designated Representat ive , seven uni ts  were to be shipped

to Fort Belvoir for Government testing , and the remain in g  three units

were to be submitted to the ful l  extent of testing as provided for in the

Purchase Description , Section 4 . 0  — Quali ty  ~ ssura nce Prov is ions .

Upon completion of a l l  tests on al l  thre e lamps per Section 4 . 0 , one

lamp was to be operated for an addi t ional  20 0 hours life test .  Fina l

lumen output measurements were taken at the conc lusion of a l l  testing .

P After award of the contract the Government requested a change in

scope of the required test p lan , the deletion in its entirety of Paragrap h 3 . 6 . 10 ,

3
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th e Electroma gnetic  Compat ib i l i t y  requirement , and the Quali ty Assurance

plan of Pa ragraph  4 .6.11. In con s ideration , ILC ag reed to provide addi t ional

moni tor in g,  at 50 hour intervals , of the arc br ightness  of the three

PSI’ s tested at ILC

All  test and evaluation lamps fabricated on this  program were

m anu factured  according to s tandard TiC procedure s so as to be representat ive

of products manufactured in vo lume production .
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3. 0 BACKGROUND

The 1 kW Army searchlight design can be traced back to about

1967. Since then only interim Purchase Description or Product Specification

documentation has existed. Potentia l manufacturers ~f the searchlight

were required to purchase xenon arc lamps accord ing to the existing

specification for the 2 .2 kW xenon short arc lamp but with reduced power

requirements . Under these circumstances , the searchlight manufacturers

matched lamps to the requirements of their own specific des ign.  As a

result of many long years of close working relationships between various

lamp and equipment manufacturers , lamps evolved to meet the requirements

of each searchlight design , but these lamp s would not meet the slightly

different circuits of other present and potential manufa cturers of searchlights .

It became apparent that a severe logist ics problem cou ld resul t  in the

future . To el iminate  a possible future problem , a separate lamp specification

is needed . To achieve this end , a purchase description of a one kilow att

lamp was prepared as noted in Section 2 .0 . It is this Purhcase Description

dated 1 March 1973 , to which this program and fina l technica l report

are directed .

a ,
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4 .0 LAMP DESIGN AND CONSTRUCTION

Because of the severe env ironmenta l shock and vibration requirements

of the PSI Purchase Description , a mol ybdenum foi l  sea l construction

was chosen for the ba sic design of the lamp .  This  par t icular  hermetic

sea l design permits ‘ hard” mounting of the electrode structures in the

quart z body of the lamp,  improving the in tegr i ty  of the lamp under  severe

shock and vibration . The basic feature of the molybdenum foil  seal

is illustrated in Figure 1.

Although other seal des ig ns ,cf ., the molybdenum cup sea l , might

also meet the shock and vibration requirement s , funding l imita t ions

precluded the development of them. It is expected tha t the successful

development of a molybdenum cup seal would s ignif icant ly  reduce the cost

of lamp manufacture in volume procurement .
The envelope configuration of the ILC design is presented in

Figure 2 , and is ful ly  responsive to the requirements of the design control

drawing SC-D— 646 93 1.  The la mp envelope was fabricated fr~ ’n Amersil  clear
fused quartz.  The lamp bases were machined fru~ free machining brass

and were nickel plated. The bases were attached with ~ 1 Sauereisen

Cement . Glastic insertion pins were cemented in the cathode base

with adhesive 2214 . The final  lamp assembly was fil led to approximately

seven atmospheres (absolute) with xenon gas , after be ing thoroughly

pumped and processed at elevated temperatures. The electrode design

will be discussed later in this report .

* The molybdenum cup seal is a recent innovation in high power lamp design.
The seal Is made from a molybdenum cup,whlch Is vacuum shrunk to provide
a hermetic seal at the open end of the cup . In this configuration the hermetic
seal Is not part of the electrical current path; and,therefore , ohmic heating
losses are not encountered as in the molybdenum foil seal since a heavy conductor ,
via the closed end of the cup , is used to carry the high currents to the lamp
electrodes. ILC has been active in the development and application of this seal
design and presently employes it In many standard products .

6 
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5. 0 ELECTRICAL DESIGN REQUIREMENTS

5.1 Lamp Requirements

The electrical requirements of Paragraph 3. 6 .1 of the Purhase

Description impose critical demands on the volta ge—current characteristics

of the PSI.  Figure 3 , presents a plot of the required V—I curve and the

limits of lamp operating voltage . As is i l lustrated , the vol tage—current

relationship requires a s lope of 0 .14 from an operating current of 24

ampere s to 47 .5 amperes with a voltage spread of 2 volts at the low end

and a spread of only 1.3 volts at the upper end. This electrical requirement

and the necessary allowable tolerance for electrode arc space setting

(0 .010 inch) represented a major  challenge to the electrod e design and

fi l l  pressure manipulat ion . The author ’ s experience is that a cold f i l l

pressure of xenon above 8 atmospheres absolute represents a severe

safety ha zard and should be avoided if possibl e a lthough certain optical
efficiency improvements could be obtain ed with higher pressures . A
suitable electrode configuration design was developed to provide the

necessary f i l l  pressure/operating pressure gradient over the operating

power range of the required PSI evaluation without exceeding this
8 atmosp here f i l l  l imit .

The particular electrode—envelope design was verified .with the

fabrication of severa l early prototype la mp s at the beginning df the program.

5 .2  Power Supp ly Design

In order to provide the starting and opeiating electrical parameters

required for complete eva luation of PSI performance , a power regulator

circuit was constructed . The circuit design , employed for a l l  electrical

eva luation measurements , is illustrated in Figure 4 .

9
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6, 0 TEST FIXTURES

ILC constructed two test fixtures (see Figure ,~) ,  s imi lar  in design

to Figure 1 of the Purchase Description , for operational testing of all lamps .

Each fixture was attached to a blower fan;  air speed was measured with a

series anemometer , and a variable exit port valve was adjus ted  to the exact

air cooling volume as provided in Paragraph 4 . 6  of the Purchase De scription ,

i . e . ,  37 + 0 .5  cm was measured with a water manometer.  One fixture

was provided t~ our environmenta l test ing subcontractor . Upon completion

of the environmenta l tests this  fixture was returned to TIC for life testing

o f  RSI ’ s.

Quartz bulb qua l i ty  (Para . 4 . 6 . 1 )  was measured by mean s of a

modified rotary indexing table and rear projection light . This unit

was adapted with both a PSI mounting fixture so that the 360 0 rotation

about the longitud inal centerline could be achieved . Azimutha l  rotation

was accomplished by turning the rotationa l control of the Indexing

table . In addition to the RSI mounting fixture , a specia l lamp envelope

examination fixture was fabricated to allow evaluation of the envelopes

prior to fabrication of the RSI . In this fixture (see Figure 6) a simulated

cathode tip was precisely positioned within the open lamp body . The test

procedure of Paragraph 4 .6.  1 were performed on lamp envelopes in this

f ixture to eliminate lamp rejections by this test after completion of the

entire RS I .

12
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FIGURE 5 LAMP TEST FIXTURE

FIGURE 6 LAMP ENVELOPE QUALITY EVALUATION FIXTURE

13
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7 . 0 TEST PROGRAM

The progra m employed at ILC for the contract as awarded was

divided into two phases~ (1) Desig n and Development , and (2) RSI

Eva luation.

7.1 Design and Development Phase

Phase One of the program was concerned with the establishment

of the design for meeting the various PSI electrical and optical require-

ments . The electrical V— I characteristics required of the RSI were

verified during this phase of the pro gram , p rior to fabrication of the

final and deliverable units. In addition , both brightness and initial

lumen output verifications were conducted at this time . A second and

equally important objective f this initial phase was the training of

assembly and test technicians.  During this period the exact fabrication procedure s

for meeting the mechanical tolerances were established.

7 . 2  PSI Eva luation Phase

In Phase Two of the program ILC performed and/or had performed

all tests of Section 4 .0 of the Purchase Description (except as deleted

by the Government , see Section 2 . 2 ) .  All tests were conducted per

the requirements and procedures of the Purchase Description. At the

request of Mr. William Bryant, the Contracting Officer’s Designated

Representative,the sequence of the scheduled tests was not conducted
I

in the order prescribed; this was done so that Mr. Bryant could witness

what he felt were the most critica l tests . The data to be presented in

the next section wIll follow the testing order of the Purchase Description .

14



8. 0 PSI TESTS, PERFORMANCE , AND EVALUATION
8.1 Phase One - Design and Development

Three PSI’ s were fa bricated during the Design and Development
Phase of the program. No formal documentation is presented on these

lamps . As d iscuss ed above , these lamps were used for eva luating and
verifying certain design parameters.

8.2 Phase Two— PSI Purchase Description Evaluation

Si xteen PSI’ s were fa bricated during the second phase of the
program . The RSI s were serialized one to seventeen , (4~13 serializing

tag was damaged and discarded). Thirteen lamps were initially
constructed (#‘s I through 14) for the evaluation of the Purchase Descrip-

t ion.  All these lamps were submitted to Mr. Wi lliam Bryant for his
in spection at ILC . These lamps were inspected for workmanship ,  mechanical
complia nce with drawing SC-D-6 4693l , and Quart z Bulb quali ty . The data
taken from these examinations is given in Table I.

Four of this group were shipped to the Night Vision Laboratory;

three were submitted to testing at ILC according to the Purchase Descrip-
t ion;  one RSI was ignited with the wrong polarity and destroyed due to cathode
tip burn back; one RSI exploded , and four RSI’s were accidentally broken .

Three additional RSI ’ s were fa bricated to complete delivery of

seven Units  to the Night Vision Laboratory; one of these three fina l units

had a defective anode base alignment and was not shipped.

8 .2 . 1  Me chanica lDimens ions

An examination of mechanica l dimension of the PSI’ s show only

three deviations from the required tolerances. Two of these occur in

the cathode tip to cathode base measurement and one , ~ 15 , occurred in

the cathode tip TIP measurement (0 . 005 inches over maximum allowable tolerance) .

15
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TABLE I

MECHA N ICAL A N D OPTICA L PARAMETER

PSI Arc Gap Cath .  Tip—Base End/End TIP Bulb
S N (0 .14 2/0 .132) ( 3 .760 / 3 .74 0 ) ( 8 .97/ 8 .9 1) (0 . 010) Quali ty Defects Disposi t ion

inches Inches inches inche s
Fi rst Group

001 0 . 138 3. 747 8 .934 0 .005 OK None 
Anode base
brok e during
shock testing

002 0 .137 3.735 8.924 0.007 OK None Shipped to NVL

003 0 .138 3.730 8.938 0.004 OK None 
Tested at ILC
to 300 hours
Exp loded 308 hrs

004 0 .13 5 3 .749  8 .946 0 .008 OK No ne Shipped to NVL

005 0 . 138 3 .742  8 .933 0 .006 OK No ne Shipped to NVL

006 0 . 139 3 .750  8 .94 5 0.010 OK None 
Tested at TiC
to 532 hours

007 0. 141 3. 750 8.958 0. 008 OK None Broken int ransi t

008 0 .138 3.745 8.938 0 .008 OK None Brok enin transit

009 0 .140 3. 741 8.934 0 .005 OK None Broken in transit

010 0.139 3.750 8.937 0.006 OK None 
Exploded during

________________- test

011 0.137 3.755 8.933 0.008 OK None Shipped to NVL

012 0 . 138 3. 7 46 8. 932 0 .007 OK None Ope rated wrong
polarity

014 0 . 138 3. 740 8 .956 0 .004 OK None Broken in transit

SECOND GROUP

Anode
015 0.138 3.725 8.950 0.015 OK Base Scrapped

Askew

016 0.133 3.750 8,944 0.008 OK None Shipped to NVL

017 0.136 3.750 8 .92 6  0. 008 OK N one Shipped to NVL
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A ll RS I’ s passed the quartz  bulb inspection re quirement of Paragraph 4 .6 .1 .

Conclusion: Only minor mechanical discrepancies existed; during volume

production these discrepancies would fa l l  within a reasonable production

yield f ictor .

8.2 .2 Quartz Envelope Quali ty

No comp leted P SI failed to meet the quartz bulb shadowgraph

optical qual i ty  requirement .

Conclusion: Envelope optical qua lit ~ presents no problems.

8. 2 .3 Electrical Ignition and Operating Characteristics

Table II presents the electrical ignition and operating characteristics

of RSI’ s pe r the re quirements of paragraph 4 .6 . 2 of the Purchase Description .

The ten lamp s eva luated , onl y one PSI voltage measurement was not within

the voltage limits at the upper end of the require d voltage—current character-

is tics curve . This particular PSI showed somewhat unstab le  operation , and

later exp loded with less than five hours operating time .

Conclusion: Electrical ignition and operating characteristics appear

to present no major problem. The discrepancy is within a reasonable

product ion yield factor .

8 .2 .4  Brightness

PSI brightness values were determined from foot—candle measurements

with a calibrated detector exhibiting a photopic response.  Nine

measurements were taken within the proje cted arc image and these values were

averaged to provide an average foot candle value . This value was

converted to arc brightness through the equation ( 1)*

B = 
4ES 2 4(17 . 58) 2 E = 1. 06E cd/mm 2

T~~~
2 0 .93 (3 .14 ) ( 20 ) 2

* See references

17
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where S is the dis tance in feet fro m the arc to the arc Image

E is the image il lumination in foot candles

T is the imagin g lens transmission

D is the lens stop diameter in mill imeters , and

B is br ightness  in candela s per square mil l imeter

Table III is a tabulation of both the peak brightness and the average

brightness for nine PSI’ s tested. The E distributions for seven of these

P SI’ s are given in Figure s 7 through 13 (two E distributions not presented

here are given later in the life test evaluation) . As can be noted from the

data , the average value for the average brightness of nine RSI’ s

measured is 494 candela s per square millimeter , as comp~~ ed to the

PD requirement of 400 candela s per square millimeter .

Conclusion: All RSI ’ s met or exceeded the required arc brightness.

8. 2 .5 Lumen Output

Lumen output determ ination of 10 PSI’ s is presented in Table IV .

These measurements were made usin g ILC ’ s five foot integrating

sphere calibrated with a standard tungsten lamp (traceable to NBS) .

The sphere calibration was 1689 lumens per 1 mV detector reading.  The

average initial lumen output value for the PSI’ s test was 33 , 830 lumens ,

as compared to a required value of 30 , 000 lumens per the Purchase

Description.

Conclusion: All PSI’ s met or exL.ceded the required lumen output.

8. 2 .6 Mechanical Shock

Mechanica l shock and all other environmenta l testing was performed

by and at Viking Laboratories , Sunnyvale , California . A copy of the

Test Letter Report , 30353 , Is included in Append ix I at the end of this report .
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TABLE III PSI BRIGHTNESS DETERMINATION

PSI E (Peak) B (Peak) E (Avg.) B (Avg .~
S/N Ft-cd cd/mm 2 Ft-cd cd/m m

002 1130 1198 467 495

003 1175 1245 462 490

004 1080 1145 468 496

005 1080 1250 416 441

006 1180 1250 433 459

010 980 1039 452 479

011 1380 1463 493 523

016 1080 1145 494 524

017 1180 1250 513 543
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- 1 AI~I.E IV

L U M E N  O U T P U T  M E A S U R E M E N T S

0 1-lours  100 Hr 300 500

RSI Lumen Lumen Lumen Lumen

S/N MV Read Output  MV Output  MV Output  MV Output

001 20 .0  33780

002 19.5 32935

003 19.5 32935 17 .1  28880 17.0 2 8710

004 20.0 33780

005 2 0 . 0  33780

006 20 .0  33780 17 .0 287 10 16 .5  27870 15 .4  260 10

010 19.5 32935

011 21.0 35470

016 20.5 34625

017 20.3 34285

SPHERE CALIBRATED , I MV = 1689 LUMENS
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Test details can be found in this report of Viking Laboratories. The

env ironmental testing performed at Viking was witnessed by Mr.  Wi l l i am

Bryant.

Conclusion: Two of the three units performed satisfactori ly during shock

testing. The third , PSI S/N 001 , failed the shock test ~ f .er the f irst

cycle of shocks parallel to the axis of the electrodes. Although not

brought out In the Viking Report , the mounting fixture was subjecte d to

frequent arc breakdow n dur ing ignition . Consequently the mounting fixture

was removed and replaced to reinforce insulation during each cyc le . There

is reason to believe that durin g the last remounting the lamp was not

properly secured in the test fixture , and failure was caused by loose mounting .

8 .2 .7 Vibration

Conclusion: All PSI’s subjected to the vibration requirements of the

Purchase Description performed satisfactorily .

8 .2 .8 Storage and Operation

Conclusion: All PSI ’ s subjected to storage and operation at both low

and high temperatures performed satisfactorily.

8 .2 .9 PSI LIfe

Due to the failure of one unit during the environmenta l shock

testing only two RSI’s were ava ilable for l ife testing . This test
4

provided for an Ignition and operation cycle of 50 minutes followed by

an off t ime of 10 minutes.  Per a contract change after award of the contract ,

PSI life was measured by means of brightness determinations at 50 hour

intervals. Upon completion of the 300 hour life test requirement of the

Purchase Description , one PSI was operated for an additional 200 hours

with the brightness bein g monitored during this time . To shorten the time

29
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requ ired to accumulate the add Umna l 200 hours  ml  agreed tha t

twenty-four hour continuous operation would be allowed as long as the required

number of start s for each f i f ty  minute operation was made up during regular

workinq hours .

Table V presents a tabulation of the RSI brightness measurements

as a funct ion of t ime for the two un i t s .  Figure 14 is a plot of the data

given in Table V. Figure s 15 through 33 present the E dis t r ibutions  for

the life test PSI at the 50 hour intervals . It sh ould be noted that the

accuracy of interval is within plu s or minu s 5 hours of the stated in te rva l

time .

The output of the two RS I ’ s l ife tested , Table IV , a f te r  300 hours

exceeds the 24 , 000 lumen required va lue .

Table VI presents the required Input voltage to the power regulator

necessary to ignite the PSI during the l i f e  test sequence , and the

operating voltage measurements at various times during the life test .

Conclusion: Both lamps life tested meet the min imum lumen output V

requirement of the Purchase Description .

8.2.10 Altitude Test

All PSI ’ s subjected to this test met the required Purchase

Description specification . This test was performed and witnessed at

Viking Laboratories by Mr.  Bryant .

8.2 . 11 Altitude Transportation

All RSI subjected to this test met the Purchase Description

requirement .

8.2 . 12 Electromagnetic Compatibil i ty

This test was deleted from the test sequence requirements  by

a contract change order .
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9.0 ANALYSIS OF P U R C H A S E  DESCRIPTION EVALUATION C O N D U C T E D  PY I I V C

The requirements of Section 3. 0 of the Purchasing Description ,

Radiation Source , Infrared Searchlight , Infrared , AN/VSS— 3A , dated

1 March 1973 were evaluated according to the Quality Assurance Plan

of Section 4. 0 . A lthough the test results  reported above indicate 
V

little discrepancy with the requirements , it is the experience of the

author that future production units  may not meet all of the source

requirements unless the cathode behavior is better understood and

manufacturing procedure s be developed in accordance with this under—

standing.

Summarizing the present s tudy,  the optical requirerre nts

appear to be achievable , while electrical parameters of the devices tend to 
- -

change from the in—specificat ion initia l conditions.  Since it is common for

all gas discharge devices to increase in ignition and operating voltage

as a function of operating time , it appears that some allowance for this

phenomena should be made .

Although ILC Technology has demonst ra ted  tha t the requ i remen t s  of

the present purchase description can be met under  laboratory condi t ions ,

the severe and continued environmental  conditions encountered in ac tual

field performance could adversely affect lamp performance . ILC therefore

recommends that  the speci f ica t ions  be adopted af te r  actual  f ield t e s t i n g

has been carried out .
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VIKING LABORATORIES

v

TEST LETT ER R EPORT 30353

30 A pr i l  1974

I . L . C .  Technolo gy ,  I n c .
164 Commercial  St.
Sunnyvale , C a l i f o r n i a  94086

Attent i on : Mr.  R.  Ec k el

Subject :  E n v i r o n m e n t a l  Tes ting of t h r e e ( 3 )  each I n f r a r e d  R a d i a t i o n
Sources P/ N L-2 104 S/N 001 , 002 , & 003

Re ference:  1. I .L .C.  Technology , Inc . P . O .  Number 01 0098
2. Purchase  Descri p t i on  R a d i a t i o n  Source , In f rare d f or

S e a r c h l i g h t , Infrared , AN/VSS—3A (1 March  1973)
3. V . L . I .  Q u o t a t i o n  No.  QT-023 -005-2

SUMMARY

Three (3)  I n f r a r e d  R a d i a t i o n  Sources ( s p e c i m e n s )  were rece ived  for  t e s t i n g .

Upon rece ip t  the spec imens  were v i s u a l l y  examined . The v i s u a l  ex a~~i n a t i o n

revea led no nota b le discrepancies.

The three specimens were individually subjected to the Altitude Test

outline d in Para gra ph 4 . 6 . 9  of the referenced purchase  d e s cr i p t i o n .

T he v i s u a l  exam i nat i on con d u c te d u pon completion of the test revealed

no nota b le  d i s c r e p a n c i e s .  - -

The three specimens were next subjected to the Altitude Transportation

Test outlined in Paragraph 4.6.10 of the referenced purchase description .

The visual examination conducted upon completion of the test revealed

no nota b l e  d i s c r e p a n c i e s .

-- V V

Viking Laborator ies . Inc
150 Wo lfe Road . Su n n y v a le
Californ ia 94086
~4D 8)7 39  5900 , TWX 910 339 -9259  
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Test Letter Report 30353

The three specimens were next individually subjected to the Low Temper-

ature Operation Test outlined in Paragraph 4.6.7.2 of the referenced

purchase descri ption . Some diff iculty was ex perienced in functionin g

specimen S/N 001 . The problem was determined to be caused by f a u l t y
w i r i n g  and not the specimen.  The v i s u a l  e x a m i n a t i o n  conducted upon com-
ple tion of the test revealed no notabl e discrepancies.

The three specimens were next  subjected to the Low Tempera ture  Storage
Test o u t l i n e d  in  Pa rag raph  4 . 6 .7 . 1  of the referenced purchase  d e s c r i p t i o n .
T he v i s u a l  e x a m i n a t i o n  conducted upon c o m p l e t i o n  of the test revea led
no no tab le  d i s c r e p a n c i e s .

Specimen S/N 002 was next  subj ected to the V i b r a t i o n  Test o u t l i n e d  in
Paragraph  4 . 6 . 6  of the referenced purchase  d e s c r i p t i o n .  The v i s u a l
e x a m i n a t i o n  conducted upon comp l e t i o n  of the test revealed no no tab le
d i s c r e p a n c i e s .

The three specimens were next individually subjected to the Shock Test

o u t l i n e d in  Para gra phs 4 .6 .5 .1  and 4 . 6 . 5 . 2  of the referenced purchase
description. After completion of shock in the perpendicu lar axis and

while being shocked in the parallel , the ano de base of spec imen S/N
001 se parate d from the g lass envelo pe. All testing was terminated on

t h i s  spec imen.  The v i s u a l  examina t ion  conducted upon comple t ion  of the
test revealed no no tab le  d iscrepancies  to the r e m a i n i n g  two specimens.

Specimen S/N 003 was next  subje cted to the V i b r a t i o n  Test o u t l i n e d  in
Paragraph  4 . 6 .6  of the referenced Purchase  D e s c r i p t i o n .  The v i s u a l
exam i nat ion conducted upon complet ion of the test revealed no no tabl e
discrepanc ies.

- -V - - - V — V- V . -- -  V ~~~~~~~~~~~~~~~~~~~ _ i_~
-V

~~~~~ ~- ~~~~~~ -V 
- -V- - - -  - . - ~~~~~~~ -~-~~~V



- - - V .—  V~~~~~~~~~~V~~~~~~ VV ~~~~~~~~~~~~

VIKING LAB0R-~I0Rl~S

V

Test Let ter  Report 30353

The remain in g  two specimens were next subj ected to the High  Temperature
Storage Test ou t l i ned  in  Paragraph  4 . 6 .7 . 3  of the r eferenced Purchase
D e s c r i p t i o n .  The v i sua l e x a m i n a t i o n  conducted upon comple t ion  of the
test revealed  no no tab le  d i s c repanc i e s .

The r e m a i n i n g  two specimens were nex t subj ected to the H i g h  Temperature
Opera t ion  Test o u t l i n e d  in Paragraph  4 .6 7 .4 of the o u t l i n e d  Purchase
D e s c r i p t i o n .  The v i s u a l  examina t ion  conducted upon comple t ion  of the
test revealed no n o t a b l e  d i sc repanc ie s .

Al l  opera t iona l  t e s t ing  was performed by I . L . C .  Technology personnel .

Th i s  repo rt con ta ins  a brief descri p t ion  of how the tests were perfo rmed ,
the test  da ta , and l i s t s  of the equ ipmen t  used .

PROCEDURE

1.0 A l t i t u d e :  Specimen S/N 001 was placed in  an a l t i t u d e  chamber .
The w i r i n g  necessary to f u n c t i o n  was fed through ports i n

the wa l l  of the chamber and sealed with rubber stoppers.

The i n t e r n a l  pressure of the chamber was then reduced to

correspond to 10,000 feet above sea leve l . Upon o b t a i n i n g

th i s  reduced pressure , t he sp ecime n was i g n i t e d  and a l lowed

to func t ion  for a period of one hour .  After  the one hour
functional power was removed from the spec i men and th e
chamber was a l lowed to re turn to sea level .

The above procedure was repea ted w i t h  specimen S/N 002
a nd 003 .

2.0 A l t i t u d e _T rans2~~~~ t i o n :  A l l  t h ree  spec imens  were p l aced
in  an a l t i t u d e  chamb er .  The i n t e r n a l  p ressure  of the
chamber was reduced to correspond to 40 , 000 feet  a bove
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sea level . The cham ber , w it h the speci mens non-o peratin g,

remained  at t h i s  c o n d i t i o n  for a per iod of four  ho ur s .
Upon comple t ion  of the four hour c o n d i t i o n i n g , the chamber
was a l lowed  to re turn  to sea level . Upon removal from
the chamber  each specimen was i n d i v i d u a l l y  i g n i t e d .

3.0 Low Temperature  Opera t ion :  Specimen S/N 003 was placed
on a rack  and placed in  a t empera ture  chamber . The w i r i n g
necessary to operate the specimen was fed t h r o u g h  a chamber
port .  The i n t e rna l  temp era ture  was reduced to -54 °C.
(-65 °F . ) .  The specimen was a l l owed  to c o n d i t i o n  at t h i s
temperature for two hours. Upon completion of the two

hour c o n d i t i o n i n g ,  and w h i l e  at t h i s  tempera ture , the spe—
ci~-- ’~n was i g n i t e d  four  separate t imes .

The above procedure  was repeated w i t h  spec imens  S/N 001
and 002 .

4.0  Low Temperature  Storage: Al l  three specimens were placed
on a rack and placed in  a temperature  chamber .  The i n t e rna l
temperature of the chamber was reduced to -62°C. (-80°F.)

and maintained for a period of six hours. Upon comp letion

of the s ix  hour c o n d i t i o n i n g  chamber  was a l l owed  to re tu rn
to ambien t .  The spec i mens were then removed from the
chamber and i n d i v i d u a l l y  operated .

5.0 V i b r a t i o n :  Specimen S/N 002 was mounted in  a test  f i x t u r e
w h ich was in turn a ttache d to the vi brat i on exc i ter in

such a manner  tha t  the d i r e c t i o n  of v i b r a t i o n  was p a r a l l e l
to the axis of the el ectro des . The s pec im en opera ting

was then subjected to a vibration cycle at 2.5 g ’ s with
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the f requency  va ry ing  l o g a r i t h m i c a l l y  from 15 Hz .  to 120 Hz.
and back to 15 Hz.  in  a per iod of 3.5 m i n u t e s . The c y c l i n g
was cont i nued unti l the specimen had been vi b rate d for 90
m i n u t e s .  The specimen wa s then subj ected to a 15 m i n u t e
dwel l  at a f requency of 30 Hz.  and 2 .5  g ’ s. The above
p roce dure was re pea ted wi th the s pec imen mounte d i n such
a manner  tha t  the d i r e c t i o n  of v i b r a t i o n  was p e r p e n d i c u l a r
to the axis of the electrodes.

Specimen S/N 003 was subjected to the Vibration Test described

above after the Shock Test .

6.0 Shock: The test fixture was installed on the carriage of

the shock machine. An accelerometer was cemented , with

Eastman 910, to the fixture. The output of the accelerometer

was fed , throu gh an accel erometer amp l i f i e r  an d ban dp ass
filter , to an oscilloscope. The oscilloscope was adjusted

for a hor i zontal sweep ra te of 2 ms/ cm and a ver tical
sensit ivity of 0.2 v/cm (20g/cm). Several calibration

dro ps were then performed by elevating the shock tower

ca r r i age  and a l l o w i n g  i t  to impact  on a rubber  m e d i u m .
When the c a r r i a g e  was dropped , the o s c i l l o s c o p e  was t r iggered
immediately prior to impact; resulting in the shock pulse

being presented on the oscilloscope. After the desired

impact med i um was obta ined , the requi red  dro p hei ght was
V 

noted and a cal ibra t ion veri f icat ion photogra ph taken of
the shock pulse.

Spec ime n S/N 002 was then mounte d in the tes t f i x ture
with the direction of shock parallel to the axis of the

el ectrodes. The carriage of the shock m achine was then
eleva ted to the pre-detennined height and the specimen was

ignited . After one minute of operation , the s pecimen was 

- _ _ _  _ _ _ _ _ _ _
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subjected to one 70 g + 7g ,  6.0 m. sec., half-sine shock
pulse. After the shock the specimen was allowed to oper-

a te for one addi tional minute before power was remove d.

Onc e power had been removed , the s pecimen was subjecte d

to three additi onal shocks of the same level and duration .

T he three shocks were a pp l ied w i th i n 5 minu tes after
turn i ng off the power . The above consti tutes one shock
cycle. The specimen was subjected to three such cycles

in this axis for a total of twelve shocks. The specimen

was then mounted with the direction of shock perpendicular

to the axis of the el ectrodes and subjected to three addi-

tional shoc k cycles as d escr i bed above for a tota l o f
twenty- four shocks for the specimen.

Specimen S/N 001 was subjected to three shock cycles as 
- 

-

described above with the direction of shock perpendicular

to the axis of the electrodes. Upon completion of the

first shock cycle with the direction of shock parallel

to the axis of the electrodes, the s pec i men woul d no t
operate . It was noted tha . the anode base had separated

from the glass envelope. All testing was terminated on

this specimen.

Specimen S/N 003 was subjected to all six shock cycles

in much the same manner as specimen S/N 002 with no discre-

pancies noted .

7.0 High Temperature St~~~g:~~ Specimens S/N 002 and 003 were

placed in a temperature and humidity chamber . The inter-

nal temperature and humidity of the chamber were in ~ r - ~~is e :

to 68°C. (1 54°F.) and 9O~. to 98’ relative humidi ty . The

-- V- -V
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specimens  were m a i n t a i n e d  at t h i s  c o n d i t i o n  for a per iod
of six hours. Upon completion of the six hour period , the

chamber was returned to laboratory aubient condition and

the specimens were removed and individually ignited .

8.0 Hi gh Temp era tur e Op~ration: Spec i r- en ~/N 003 was placed 
—

in a temperature and humidity chamber and the wiring nec-

essary to operate the specimen was fed through a chamber

port. The internal temperature and humidity of the chamber

was incr ease d to 52°C. (1 25°F.) and 90~ to 98 relative

humidity . The chamber was maintained at this condition

for two hours.

The chamber was then decreased over a period of one hour

to 23°C. (74°F.) and 9O~ to 98~ relative humidity . This

con diti on was ma i ntaine d for one hour . T he ch ambe r was
then increased over a period of one hour to 52°C. (125°F.)

and 90~ to 98~ relative humidity . This condition was main-

tained for two hours.

The chanr~~r was decreased over a period of one hour to

23°C. (74°F.) anm . 0O~ to 98- relative humidity . This con-

dition was maintained for one hour.

The chamber was then increased over a period of one hour

to 52°C. (125°F.) and 90 to 98 relative humidity . This

condition was maintained for two hours.

The above constitutes one twelve hour cycle. The specimen

was subjectH to two such cycles. Upon completion of the

secon d cycle , and while at 52°C. (125°F.) an d 9O~ to 9~~~~
relative hun idity , the specimen was ignited . Once i in ition
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was verified v isually, the specimen power was turned off

and the specimen was removed from the chamber .

Specimen S/N 002 was subj ected to H i g h  Temperature  Opera t ion
Test in  the manner  described abo ve.

DISPOSITION

Tes t ing  was completed on 5 Apr i l  1974 and the specimens were returned
to I.L .C. Technology on 8 April 1974. 
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E. W. Magoon, being duly sworn, deposes and says: That the information contained
in this report is the result of complete and carefully conducted tests and is t.o the
best of his knowledge true and correct in all respects.

~:7~ 7 ~~~~~~~~~E. W. Magoon, yI~e President Operations
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