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ABSTRACT

This r eport summarizes analyses on the non-operating
reliability of missile materiel. Long term non-operating

data has been analyzed together with accelerated storage

life test data. Reliability prediction models have been

developed for various classes of devices.

This re port  is a result  of a program whose object ive
• is the development of non-operating (storage) reliability

prediction and assurance techniques for missile maLeriLk .

The analysis results will be used by U. S. Army personnci

and contractors in evaluating current missile programs and

in th e design of future missile systems .

• The , storage reliability research program consists of

a country wide data survey and collection effort , accelerated
testing , special test programs and development of a non-

• operating reliability data bank at the U. S. Army Missile
R&D Command , Redstone Arsenal , Alabama . The Army plans a

Continuing effort to maintain the data bank and analysis

reports.

For more information , contact: •1
Commander
U. S. Army Missile R&D Command

ATTN: DRDMI-QS , Mr. C. R. Provence

Build ing 4500
Redstone Arsenal , AL 35809 

.—~~~~~~ !

Autovon 746-3235 
- 

-

or (205) 876—3235 U,

1 \ ~~~,
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1.0 INTRODUCTION

1.1 Mi~~si1c Re l iab i l ity  Considerations
Materiel in the Army inventory must withstand long

periods of storage and “launch ready ” non-activated or dor-

mant time as well as perform operationally in severe launch

and f l ight environments. In addition to the stress of tern-

pera ture soaks and ag ing,  they must often endure the abuse of
frequent transportation and handling and the climatic extremes

of the forward area battlefield environment.

Missiles spend the majority of the time in this non-

Operating environment. In newer missile systems , complexity
is increasing sign i f i can t ly ,  longer service lives are being
required , and periodic maintenance and checkouts are being

reduced . The combination of these factors places great im-

portance on selecting missile materiels which are capable of

performing reliably in each of the environments .

The inclusion of storage reliability requirements in the

initial system specifications has also placed an importance

on maintaining non-operating reliability prediction data for

evaluating the design and mechanization of new systems .

1.2 Storage Reliabil i ty Research Program
An extensive effort is being conducted by the U. S. Army

Missile Research & Development Command to provide detailed

analyses of missile materiel and to generate reliability

prediction data. A missile material reliability parts count

prediction handbook , LC-78-l, has been developed and provides

the current prediction data resulting from this effort.

This report is an update to report LC-76-2 dated May , 1976.

It provides a summary of the analyses performed under the

storage reliability research program and background information
for the predictions in LC-78-1. Included are summaries of real

time and test daca , failure modes and mechanisms , and conclusions
and recommenda tions resul t ing from analysis of the data . These

recommendations include special desi gn , packaging and product
assurance data and information on specific part types and part

construction .

1—1
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For a it u::ber of the part types , detailed analysis

are a’
~ so ava ~ labl o . These reports present. clotai ls

on p a rt  c o n s t r u c t i o n, f a i l u r e  modes and mechanisms , parameter
d r i f t , and ag ing trends , applications, and other considera t ions

for the select ion of materiel and reliability prediction of

miss ~ le systems .

The U .  S. Army ML s s i l c ’  Research & Development  Command also
m a i n L i in s  a S tor a ~~ R e l i a b i l i t y  Data Bank . This  data  bank con-

s i s t s  of a c omp u ter i z e d  d a t a  base w i t h  gener ic  pa r t  s torage

r e l i a b i l i t y  d a ta  and a s torage r e l i a b i l i t y  report  l i b r a ry  con-

t a i n i n g  a va i lab l e  re search  and test repor ts  of non—opera t i ng

r e l i a b i l i t y  research  e f f o r t s .

For the  o p e r a t i o n a l  data  conta ined in t h i s  report , the user
should re fe r  to the fo l lowing  sources: NIL -HDBK-2 17B , ~ ii i tar y
S t a nd ar d iz at io n  Handbook , h el i ab i li t y  P red i c t i on  of E lec t ronic
E qu i p m e n t ;  R e l i a b i l i t y  Anal y s i s  Center  ( RAC ) Mic roc i rcu i t
Failure Rates; RADC—TR-69-458, Revision to the Nonelectronic

Reliability Handbook ; and the Government-Industry Data Exchange

Program (GIDEP) Sununaries of Failure Rate Data.

1.3 Missile Environments

A missile system may be subjected to various modes of
transportation and handling , temperature soaks , climatic

ex~ rcmes, and activated test time and “launch ready ” t ime
in addition to a con t ro l l ed  s torage e n v i r o n m e n t .  Some s t ud ie s

h e y ’  been per formcd on missile systems to measure those en-

vi ronment-s . A summary of several studies is presented in

i~cj ~ei -t BR—78l1 , “The Environmental C o n d i t i o n s  Experienced by

i’~oeket and Ni ssilcs in Storage , Trans i t and Opera t ion s”

‘repared by the Raytheon Company , dated U)ecc’nbcr 1973

I~ t h i s  repor t , s k i n  temperatures of missiles in con—

a i l i e : ’ :; W e e i ccoided i ~: dump (or open) t o ra~~ ’ at  a max imui:;
o; i t d ° l  ( 7 4 ° C )  and a m i n i m u m  of — 44°V ( — 4 2 ° C) . In n o n —

i Lh cove i ’ r ’u luiikcrs temperatures have been measured at , a

:; x ; i :~um 01. llw d l ~ (47° ’) to a mi ;;inuni o~ 
_ 3 l 0 l.~ (~~~~~~t~~0~~~~) . In

ear  Lb cave red i i ~~Cr s  , t e;flper.I Lures have ee.’n measured at

a raximlim ~ 10~~’V ( ~9°C) to a minimu m o~ 23°~” i — 5 ° C)

1—2
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, ‘((‘l(’I a t  i o n  ex t  i ~‘nte~; ~iur i a ~ transport at  i t ’ i ;  have i)~,’cn

mt ’a st i r ed  t’or  t i~ ick , rail , aii ’cra t t and shi p transpa : t a t  ion .

Up t o  7 C ’s at .~00 ht ’r t . z have  been measured on truck:;; 1 C

at  .~00 P e r t  by r a i l ;  7 C ’ s a t  1 10 0  hert .~ on a i r c r a f t . ; ash

I C at  70 hert. .: on shi pboard

~ a xi  mum :;1’io~’k st ra:;:;e:, for t x -u ck t r an s po r t  a ion  h a ve

been n h ’a S u r t ’&l at’ 10 C’:; and by rail at ’ 300 C’ s.

A lt houqi: I ielh data doe:; no~ reco:  d these , ‘~, hr ’ ;

avail al) I , the type and approx i mat c ch~i ract  er otT St e  :~~iq

trans part at ion are .idt”n t; I f ic’d and used t-o ci as:; i fy the 0eV ice :.;

‘~1

_ •~~~~~~~~~~~
‘
~~~ - -  —‘ ~~~~~,



1. 4 ~y e m Level An~t~~~~j ;

The p r i m a r y  e f f o r t  in the htoracje heliability Research

Pro~ir~tm is on analysis of the non—operating characteristics

ot  parts. in the data collection e f f o r t , however , some data

ha:; been made ova lab l, ’~: on sys t:c~n characteristi - S

• Th is  d a t , k  i nd ica t e s  that a reliability prediction for

P :-vst em b as e d  on part leve l data will not accurately pro-

ject maintenance actions if the m iss i l e  is checked and main-

tained periodicall y .  Factors contributing to this disparity

include test equipment rel iability , design problems , and

g e n e r a l  handl m g probl ems . In many  cases , these problems are

assi gned to the  system and not, r e f l e ct e d  in  the par t  level

anal ysi:;

In generaL , a factor of 2 should be multip lied by t h e

device t~ii lu re rate to obtain the maintenance rate. Three

s y st t s 1  examples  are descr ibed below :

1 . 4 . 1 ~ y :; t t ’m A

For :;vstem A , a check of 874 missiles in the field in—

dicatc:~ 142 failed missiles. These failed missiles were taken

to a m a i n ten a n c e  f a c i l i t y. At the maintenance fac ility , no
fault could be found in 51 of the missiles. Two missiles

f a ul t : ;  were corrected by a d j u s t m e n t s .  This lef t 89 failures
w h ich  ecu]  d be at tn but-cd to p art  failure . The parts were

fai lure ana l  y : eh  and the anal yn •i indicated 19 fcci. lures to

he a r e su l t  of  e l e c t r i c a l  o ver st re s s.  These failures were

de~; .i q n at , t ’a  Ct - : ; i q n  p rob lems .

T her e fo r e  only 70 (49~~) of the orig inal 112 f a i l u r e s
;~‘ci ’e d es i (plated ~l 1: n o n — o per a t i n g  par t  f a i  l u re s .

.4  . 7 ~~~~~ t e r n  H

Poi’ ::V:; I em B , 26 fl1 i 5SH e fa i • ] ure:; we r e  anal yzeci  . Of

t P ‘ ‘ ~~‘ n o  f a u l t  ~al : ; f ou : ’td i n  2 m i s s i l e s ;  adjustments were re—

f o r  7 ;  external e l ec t r i c a l  o ve i s t i  as:; or h a n d l i ng

( I l i : I , i , ~e W a : ;  ~~~~~~~ in 10; a circuit d& ’~; I r S  pi’oblem ~‘an a s s i gn e d

t o  1 , asa ceu,::ea~~’ t i t  I a t  l u re : ;  wer e  a ss ign e d  to ii.

1 . I . A , : ~ 551) 1 I
An an .  1 y~ i s  ( i f  q~~ :o ~i :;:,t ’;shl y r e tu  r i ; :;  i ad icat  ed t h a t .  t w o

I l  i I U: ; ( ‘I t I; ~~’ e t  S i l l :;  W e r  a at t .r  i h u t  ad k) des i g ; defects



mishan dli l’t g ,  conditions outside design requirements , arid ~o

er r o n eous  attril )ut ion of system problems .

• Tb .’ re fo re , on ly  33 percent  of the r e t u r n s  were des ign~:r~ o

as non - op e r a t i n g  p a r t  f a i l u r e s .

• 1.5 Limit ation s of Reliability_Prediction

P rac t i ca l  l i m i t a t i o n s  are p laced in any reiiab:i~~ty

an a l y s is  e f f o r t-  i n  gathering and an a l y z ;  sq d a t a .  Fi d c ;

data  i s  g e n e rat ed  at var ious  levels of d e t a i l  and r ep or r e d  ~n

v a r y i n g  m an n e rs .  O f t en  data on envi ronments, app l i cat io ns ,

p a r t  c l a s ses  and pa r t  cons t ruc t ion  arc not  a v a il a b l e .  iiV~~. J;

more often , failure an a ly s e s  arc n o n — e x i s t a n t .  D a t a  on low

Use devices and new t echno logy  devices is also d i f f i c u l t  to
• o b t a i n .  F i na l ly in the storage environment , the very low

occurrence  of f a i l u r e :;  in many devices requires  ex tens ive

storage t ime  to genera te  any meaning f u l  s t a t i s t i c s .

These d i f f i c u l t i e s  lead to predic t ion  of conservat ive  or

p e s s i m i s t i c  f a i l u r e  r a t e s .  The user may review the existing
• data in the backup analyses reports in any case where design

or program decision is necessary .

1.6 Life Cycle Reliability Prediction I~ode1ing
Developing missile reliability predictions requires

several tasks. The first tasks include defining the system ,

its mission , environments and life cycle operation or de-

ployment  scenario.

The system and mission definitions provide the basis

for construct :incj reliability success models. The modeling

can incorporate  r e l i a b i l i t y  block diagrams , t r u th  tables

and log ic d iagrams . Descriptions of these methods , are not
inc luded  here but can be s tudied  in de ta i l  in  MIL—IlDh~K—2l7I3

• or o t h e r  text:; listed in the b ibliography.

A f t e r  t h e  r e l i a b i l i t y  success model ing  is Compie tcu ,
• rd i~’ i b i  l i ty  l. i fe  cycle p r e d i c t i o n  model ;aaj ~or each b ) ~~

or un i t  in  t he :;ucces:; model is pe r fo rmed  based on t:hc dcf .i—
is it ion:; o the  sy:; tern environment and deployment scenario.
‘fh 5 r c i  l ab  i i i  ty  l i f e  cycle model ng is based on a “woonen

• • ~ - •~~~ ,‘.‘-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~ -—-~~~~ - —---~~~~ •-“,‘-- ..-,-~~~~~~~~~~~~~~~~~~ -- ~~
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1.7 R e l i ab i l i t y , P r c d i ct i o ns f l u r in c j  Early Design

• Frequently during ear ly design phases , reliability pro—

• dic tions are required w it h  an insufficient sy:;tein definition

to utllize the stress level fai l ure rate models. Therefoi” ,

a “Parts count ” predic t ion t echn ique  has been prepared . It

provides average base failure rates for various part types

a nd provides K ractors for various pha:;c:; of the system de—

• p loyrnc ’nt scenar io  to genera te  a first t--stirna t e of system re-

li ab i l i t y. Thi s predic t ion is presented i n  I~eport LC—78-i.
• 1.8 Summary_of 1tej~~rt. C o n t e n ts

The report is divided into five volumes which break out

major component or part clasni fications: Volume I, Electrical
and Electron ic Device:; ; Vol ume II , Electromechanical Devices;

• Volume III, l!ydruulic anti Pneumatic Device:;; Volume lv,

Ordnance Devices; and Volume V , Optical and Electro Optical

Devices . Table 1— i prov i des a listing of the major part types

included in each vo l ume .

1 — Il
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TABLE 1-i. REPORT CONTENTS
DUtdl~~cu ~tt~j)t.Volume I Electrical and Electronic Devices Number~~~~Ddtu

Sect ion
• 2.0 Microelectronic Devices LC—78—IC1 , 1/7 8
• 3.0 1)iscrete Semiconductor Devices —

4.0 Electronic Vacuum Tubes LC 78 VT1, 1/78
5.0 Resistors —

6.0 Capacitors -

7.0 Inductive Devices -

8.0 Crystals
9.0 Miscellaneous Electrical Devices —

10.0 Connecto rs and Connections -

11.0 Printed Wiring Boards -

Volume 1 1 El”c I. romech,;n ical Devices

Section

2.0 Gyi-a:; LC—7f ~ ,

• 3.0 Accelerometers LC—7�P~~.~~~, •• ‘ / ,
~~•

4.0 Switches LC—78-LM4C , 2/ 7~
5.0 Relays LC—/8—PM3 , 2 / / ~
6.0 l-;}ectrowechanica l Rotating Devices —

7.0 M i s c e i 1~~t’nous }-lectromechanical Devices 
—

Volume .11 1 Hy d rau l i c  ~i rid Pneumatic Devices

Sect I O U

2. 0 Accumulators LC—76—11P2 , 5/7t
3.0 Ac t uators LC 7(~~IiI~3 , 5/76

4.0 Batteries , LC 78 B1 , 2/7~i

5.0 Bearings
6.0 Compressors
7.0 Cyli nders —

8. 0 Fi l t ers —

9.0 i- ’ittinys/Connections —

10.0 Gaskets —

1.1 .0 O—Rint;a
12.0 Pistons —

1 3.0 Pumps LC 76—11P4 , 5/7b
14 ,0 Regulators
15.0 Reservoirs —

16.0 Va l ves LC—76--I1P1 , 5/76

Volume TV Ordnance Devices

~;(~ C[  I t i l l

2 .0 ~ u i i  (I Prope l lant Motors LC—7t~
, -Oi -~ I ,

.1 .0 1 g u i  I ers and Safe & Arm Devices LC—7b—Oit2 ,

‘I . C Soil 1 PIo 1’t ’ 1 1 ant Gas Generators LC—76 -0R3 ,
S . 0 ~1 : : ;c’ . O rdn a nce  Devices —

Vol iiine V Opt i c•i 1 ~nd E l  ectro Optical Devices
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2.0 L,asers

2 . 1  Laser  N o n - O p e r a t i o n a l  Storage Re l i ab i l i t y
No ~i a t :~i on s~~oraqc~ or n o n - o p e r a t i n g  c h a r a c t e r i s t i cs  of

lasers is available. A missile system is in the field for

which  some data may become avai lable  in the near f u t u r e .

2 . 2  Laser Operat ional  Prediction Models

The MIL-HDBK-217B general f a i lu re  rate model for  lasers is:

A LASER = A MEDIA + + A COUPLING

The models and f a i l u r e  rates apply to the laser peculia:~
items only,  i . e . ,  those items wherein the lasing action is

generated and controlled. In addition to the laser peculiar

items , there are other assemblies used with lasers that contain

electronic parts and mechanical devices (pumps , valves , hoses ,

etc.). The failure rates for these parts should be determined
• with the same procedures as used for other electronic and

mechanical devices in the equipment or system of which the

laser is a part.

The laser failure rate models have been developed at the

“functional,” rather than “piece part ,” level because the avail-
able data were not sufficient for “piece part” model development.

Because each laser family can be designed using a variety
of approaches the failure rate models have been structured on

three basic laser functions which are common to most laser

families, but may differ in the hardware implementation of a
given function . These functions are the lasing media, laser
pumping mechanism (or pump) , and the coupling method .

Examples of media-related hardware and influence factors

are the solid state rod, gas , gas pressure , vacuum integrity ,

gas mix , outgassing,  and tube diameter. The electricai dis-

charge , the f l a sh l amp , and energy ‘evel are examples of pump-

related hardware and iafluence factors. The coupling function
contributors are the “Q” switch , mirrors , windows , crystals ,

substrates , coatings, and level of dust protection provided.

2’-l



• The t~ct-iu in t h e  k
\~~~. 1 S e~ j u a t i O n  I S  Z C I O  jUL h c l i u~s/

neon , a rgon  io n  CO., sca1e~i and CC , flowing lasers because the

p u m p i n g  m e c i ian is i i is fo r  these lasers  con ta in  no laser pecu l i a r
items . Pump ing  is accomplished with electrical parts and

ci :‘cu ~ ry . Faj l u re  rates for these parts are not i nc lu de a  in

thi:~ sect ion but  they should be included in the rc1iabii~~ty
analysis t ) t  Llie s\-stem equipment contuixliflg the laser. A ls o ,

SOme ci the terms in the above general A
~~~SE}, 

e q u a t i o n  have

mod i Iy m y factors depend ing  U~~Ofl the laser  type . ‘rhese I ac Lor:;

art ’ shown in  t h e  t o l l o w i ng  sub — s ec t i o n s .
2. 2. 1 h e l i u m/ N e o n  and Ar~~on Ion Lasers

ru e ~~ ilure rate model for he l i um/neon  and a rgon  ion lasers

is presented i n  Fi gure  2 .2— 1 .

T h e  p r e d o m i n a n t  f a i l u r e  m echanism is related to the gas

• media as reflected in 
~MED1A 

h owever , for argon ion lasers ,

when the tube is refilled periodically (preventive maintenance )

the  mi r ror s  (as pa r t  of A
COUPLING ) can be expected to de te rio ra te

after approximately 1O4 hours of operation if in contac t w i t h
• t he  di  schia rye region.

2 . 2 .2  Carbon Dioxide, Sedled Lasers

T u e  t~~ilu re raLe model for carbon dioxide sealed lasers

is presented in I-’igure 2.2—2.

The overfill percentage in the Gas Overfill Factor ,

is based on the percent increase over the optimum CO2 par t i a l
hiressure w h i c h  is  norma l ly  in the range of 1 .5 to 3 Torr
for most bealt’d CO2 lasers. The equation for h1

~ 
is:

Ii ) = —0.01 (~ overfill) + I
rime equation for the ballast tactor , ~~~ ~~

‘c VOl . t I1C
/ 100

Time : l l i m l ’ & ’r of active optical surtaces , i~~~~, is determined

f r o m  1’ itj~m r c  2 .  2 —~

—-~~~~~~~~~~~~~~ — ~~
-
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2.2.3 Carbon Dioxide, Flowing Lasers

The failure rate model for carbon dioxide , flowing lasers
is presented in Figure 2.2-3.

The failure rate contribution of the lasing media ,

AMEDIA , approaches zero for carbon dioxide , flowing lasers .

This is because this type of laser is much less suscepti~~le

to leaks and long term gas decomposition than a sealed

system. The flowing gas also acts as a purge in removing con-

tamination and precluding its entrapment. Therefore , except
for tube breakage (which has rarely been observed) optics

deterioration appears the predominant failure mechanism and

• this is accounted for under
• The failure rate contribution of the laser coupling han s-

ware , 1•1
COUPLING ’ is a function of the laser beam average power

output , P, in kilowatts . The 11COUPLING values shown are valia
only for power levels up to one kilowatt. Beyond this range

other glass failure mechanisms begin to predominate and alter

the 11COUPLIN G values. It should also be noted that CO
2 flowing

laser optical devices are the primary source of failure

occurrence . A preventive maintenance program on optical de-

vices would greatly extend laser life; however , procedures must
• be tailored to the individual design of each system. Typical

optical cleaning methods are as follows:

1. Use dry , pressurized air and a camel hair brush to

remove dust, particulates , etc.

2. Rub with high quality lens tissue using moisture from
breath (if necessary).

3. Flush with distilled water and a mild laboratory

detergent (if necessary).

4. Cautions -

a. Use of special gloves for handling recoinmended.

b. Careful use of 20 to 30 percent alcohol Soiut~ Ons

with sterile cotton swabs (change swabs frequently).

The number of active optical surfaces, fl~~~, is determined
from Figure 2.2-5.

2-3



. 2 . 4 ~ o i i d  ~ t~mt e Na ~YAd hod Lasers and Ru b y Nea~~~as e r s

The f a i l u r e  r a t e  model for solid s ta te  neodymium doped

y t  I r m u m — a l u m i n u m — q a r n e t  ( N d : Y A C )  rod laser and ruby red laser

i s  p i e s e i m t e d  i n  F igu r e  2 , 2 — 4 .

‘l’ L i e  t aiL u i .~’ m a t e  c o n t r i b u t i o n  of the lusi fly media ,

is 0 . 1  b r  Nd : \‘Ad La~ er s  . For the ruby red laser
is a function of the r epe t i t i on  ra te  ~~~~~~~~~~ and t he

em ;elqv den s i t y  (I’). Time energy density is measured in

J o u l e s  per cm . 2/pulne over the cross sectional area of tile

laser rod and its value is determined from the actual design

parameter of t ime laser rod utilized.

Repetiti ~rm rates for military solid state lasers arc

t it ’imeruIl v in time I to 20 pps range . Repetition rates other

than shiow:m have not been observed and corresponding fl
1~~1,

v a l u es  ce r Li f i ed

Time f a i l u r e  ra te contribution of pumping mechanism ,

i hi ghl y aft ected by the flashlamp or flash tube
co n t r ; i u t ion . it is expressed as a function of the environ—

men ial factor (Il r ) and tile f a i l u r e  ra te  contr ibut ion of the
I l a s h !  i ;n ~ or I lu sh i t u b e  ( ~~~~~~~~~~~~~ flOURS~ 

. The va lue  for 
~pL’Mpis c a l cu l at e d  from Fi gure 2.2—6 for Xenon flash lamps or

igure 2. 2—7 foi Krypton flashlamps .

i t  : ;h o i i l d  he noted tha t  a l though  scaled systems tend to

~~e re Li ihie once compatible materials have been selected amid

~~i L t V e im , e xt  r..me curt’ mus t still be taken to prevent tile

t~~~~~~t ma.i ~ t 0 a m  t cu  lutes during manufacturing, field flash—

I ia~~ ;~~ p iccu. nL , or rou t ine  main tenance/repa i r .  Con taminat  ion
I: ; I n c  m m  t o r  cau se  of solid state laser m a l f u n c t i o n, and

i i  p i e v  1: ; 055 an d v ig i lan c e  must  c o n t i n u a l l y  be prov m~ ..~u
0 , mt i m t  t i  m ac c L e a n l i m m e s s  leve l r equ i r ed . Coup1 ing c l e an —

• a c t  e ; , ~~~. , v~~ I ucs can vary f rom I up to u U .

~ue ;n m o e i - of a c ti ve  opt ic~i1 su r faces, is dete rmined

I i ou V i m u ic 2 . 2 — 5  .
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XENON

where :

is the  f a i l u r e  ra te  c o n t r i b u t i o n  of the xenor,  f l a s h i 3 m m i  or
HOURS f l a s h tu he * in f a i l u r e s/ m i l l i o n  op era t ing  hours . The f l a s h —

X V NON lamps evalua ted  herein are linear types used for mil itary
sol id sta te laser sys tems.

11RFP is the pulse or
6
repetition factor used to convert from

failu res per 10 pulses to failures/million hours.

Repetition or Pulse Rate
( Pul ses per second)

5 18000
10 36000
15 54000
20 72000

E .  is the  f l a s h l a m p  or f l a s h tu b e  inpu t  energy per pulse  in joules
and i t s  va lue  is de te rmined  from the actual or design input
energy parameter except that for Input enerqv levels equal to
or less than 30 joules , E .  = 30.

d is the flashlamp or flashtube ins ide  d iamete r  in m i l l i m et e r s ,
and it- s va lue  is de t e rmined  from the ac tua l  desi gn parameter
of the f la s hl amp  u t i l i z e d.

L is the flashlamp or flashtube arc l eng th  in inches , and i t s
value is d e t e rm i n e d  f r o m  the  ac tua l  design parameter  of the
f l a sh l an~i u tilized .

T is the truncated pulse withh in microseconds , and Its value
is dm ’L er m in r -’d f r o m  the actual desiqn parameter of the pulse
f o r m i nq  n e t w o r k  (PFM ) used to pulse the flashlamp or f l a~m h —
tube . Pulse tails do not affect reliability, and the maxim um
v a l u e  of T is 100 m i c r o s e c o n d s  for  any t runcated  pulse  w i d t h
exceed i ng 100 mic roseconds .  For s h o r ter  du ra t ion  pul se s , p u lse
w i dt h  i s  to be measured  at 10 p ercen t  of the m a x i mu m  c u r r e n t
amp J it -u s e .
is the cool j ag  f a c t o r  duc to v a r iou s  cooling media inmleciistel\’

stlrruL;; )LIC.tiq the flashlamp or flashtub ’ .

CooLing Media
- I—

Gas , l n c ’ r t -  1 .0
L I c ;u i d , De C.oni:’ea W , i t e m :  0 .1
L i a u i d  , W a t e r — G ly c o l 0 . 1
1.1 C(U iS , F1 C. 1O A T OC’ ~ l r m ) c ) n  0. 1

~~0t  e :  ‘‘ \.‘~~~i C C l  VS ’~Ut ’5 for Xene: f , ~’t~~ ’.l . m~m ip:.  in m i l i t ’ m u r v  N d : iA ~ r i m u ~:e—
145 ai~~1 ~5 ’5  ~q n s tor s  a r c ’ F .  = 4)) 4 C ) u l c ’C; , d 4 r , ,  l~ i C ’ C ’~ e r s

C ,  . ‘ i m ) o : m ) ’; ; , and ‘‘ = ~00 m ; c U C ’.C ’ ~~ oC~~ , . T~ m’ Y C ’ C i~’~ C t  tCiCi r S L C ’
I .Ifl )C) -;, Hmut .m I to 20 ~~~~~ , s a c ; t~a’ I .2’:. , i ) C 3t .) I  CTC, i t .0.’ • H.~~C , .~~C C C ’. -’ C (C. -1  -

2 — i  ~)

- - _ -, ---5--- —~~~~~~ -—-- .—--— ---‘--- 5--.
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F I G U R E  2 . 2 — 7  DETERM NAT. I ON 01~’ FOR K I CY PT O) ’. .-‘ . S..$.. ’.

HOURS

P
= ( 62~ ) (

HOURS

K R Y PTON

is the f a i l u r e  rat e  c o n t r i b u ti o n  oi t~~c km ~ ’;.t ~~~~~~~~~~
• or fl as h t u be  in f a i l u r e s/ m il l i o n  op e r a t i l C i  he ... .. . T . -

KRYPTON f l a s hl am p s  evaluated h er e i n  are t i f l ’  co r ,t i ~-,~~m~~. .  w.-.v~-
type  and are most wide ly  used for  comnw rc ’ia i  • . ) ‘ ~~~~d
app l i c a t i o ns .  They are  a o p r o x i mat e ly  7imu: ii. dC..4 :m’
and S to 6 inches lonq . Averaqe power is IV C ’ .’. . . \

P is the average inpu t pcwer in  kilowatis , •i ;.~~. ; i .  V’ . .

is determined from the actual des i’m 4 ’ar,ur -t ,
flashlamp utilized .

L is the flashla1~Cp or flashtuhe arc lenqt i in  .2..

it- s value is determined from the ac~ u a i  des.s, ;) ~.-)~ : C .~ C

of the flashlamp utilized .

is the cool ing  fact-or due to varioum ; cool i ;.~ mc&m
immediately surrounding the f l a s h T .amp or fL ~~~~~~

Cooling Media

Gas, Air 1.0
Gas , Inert 1. 0
Liquid , Deionized Water 0.1
Liquid , Wa ’ - ‘r—GlycoI 0.1
I.iquid , Fluorocarbon 0.1
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3.0 Television Seeker Components

3.1 Non-Operating Reliability Data

Non-operating data was available from two sources and

one missile program on television seeker components. This

data is shown in Table 3-1. Each data source is discussed

below.

TABLE 3-1. TV NON-OPERATING DATA

COMPONENT NO. OF MILLION PART FAIL- NON-QP.
TYPE SOURCE DEVICES NON-OP. HOURS URE S A IN FITS

Vidicon
Electron
Tube B 41 .275 0 <3636.

Missile I 2070 20.59 3 145.7

TOTAL VIDICON 2111 20.856 3 143.8

Video
Signal
Detector
Assy. A — .610 0 <1639.

Missile I 2070 20.59 1 48.6

TOTAL DETECTOR 2070 21.200 1 47.2

Lens
Assy. B 40 .115 0 <8696.

Missile I 2070 20.59 0 <48.6

TOTAL LENS 2110 20.705 0 <48.3

Sun
Shutter
Assy. Missile I 2070 20.59 7 340.

Vidicon
Cable Missile I 2070 20.59 1 48.6

3—2 .
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3. 1 . 1  ~;our ., c  A Da ta

Source A rc’prc’sc:iits a reliability study performed unde r

c ’ c ’ 1 A t I ~~lCt  to R/WC in 1973. rhis source provides no information
recjarding storage conditions , times , or individua l programs.

No t a t lUl’Os we r e recorded fo r  these devices .

3. 1 . 2 S o u rc e  B Data

‘l’Iie stora~je da t  a under Source 13 act  u a l l y  represent s

s tan dby  dat a  in an orbiting satellite environment. No failures

were recorded for  these devices.

3 .1 .3  M i s s i le  I L~ , I L U

Miss  ile I data consists of 2 , 070 m i s s i l es  stoi ’e.-i for

per i 0.-IS t rom I m o n t h  to 40 months  for  an average storage i~~’’ o.-i

of ~~ m ‘uths . Approximately 80 p e r c e n t  of the m i ssi  I OS were

si o tml in ii . S. depots while the renlainuer were  stored at

various bases around the country . In t h i s  data , 3 failures

were recorded Ofl the vidicon tube , one failure on the video
signa l detector , seven failures on the sun shut ter  assemblies .

Two of the three vlL i icon tube failures were recorded as

1) w i l l  not focus and 2 )  defect i ve sun d iode .

The sun shutter assembly f .iilures were recorded as stick ing

in the closed p o s i t i o n . Analyses  indicated tha t  this  is  an
, i . - ; e— re la t ed  problem.  The grease on the bearinqs is dry ing u~ .s;~:

CU U S C fl~ the s h u t  ters to stick .

3. 2 ~) r a t i .on a 1  P r e d i c t i o ns

No c j e  rational data has been identi fied for these 5ev i ce~

3-2 
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