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S M  PROPOSED R E S W C H  

ACTIVITIES PERTAINING TO RELUIBILITY 

Ccmtributed by the Seaff of the 
Reliability Evaluation Division 

Sandia Corporation 
Albuquerque, New Mexico 

Presented by R6 0. Frantik 

Introduction 

The purpose of this paper is three fold; Pirst,to outline tho major problems 
that have appeared in reliability reoearch at Sandia Corporation, second, to 
note the progress which has been made to date, and third, to generalize frcan 
our experience. .It is aur purpose to advertise, to some urtemt, the progress 
that Sdtadia Corporation has made in reliability research, Correopcmdingly we 
seek information which may contribute to the solution of the problems which 
are to be described. 

Before proceeding with. thie topic, a few canments concerning the Reliability 
Evaluation Diviafon of Saadia C~rporation may be of'inrere~t~ 

Two pears ago, at the symposium at Corona, I ohlined the weapon developrmnt 
procese follawed at Sandia and indicated the role of the reliability group . 
in thia process.l Since that the, the name of the division hns been changed 
from the Canpoxtent Analyois Division to the Reliability Evaluation Div3.sism. 
The division ie now under the Director of Systems Developmeng rather t h m  
under the Director of Research. 'There has been no essential change in 
peremnel in the diviaium. 

Our efforts n w  are directed more or less exclueively tward reliability 
conaidercations. The administrative change puts the division more clooely in 
contact with both the producer and the coneumer of reliability data wiehiar 
SandLe .Corporation. 

One of the major projects in the di6is9on is directed taward setting up machine 
methods.for co9lecting, recording, and sorting data to feed into statistical 
studies in the evaluation of reliabhlity. As these dgga-bc?cai& ikilable, amre 
effort must be expended in deriving the nece88ery etatieefcal methods %or their 
convereion into reliability eathatea, The t h e  and Pnanpoweo directed tward 
reliability research has increased suba~antial~y since the Statietical Reoearch 
Division ia working in direce collaboration w i t h  tho' Reliability Evaluation 
Division. 



It should be ateathued that problems peculiar to the human engineergag aepacts 
of reliability are not considered in this paper. Such otudies make a aub- 
atantial and important cantributfan to the overall weapan or miesile syetem 
reliability. H~10ever, because of the time reatrictioas here and because human 
engineering probld are c.msidered at other symposia, rhie topic Os not puraued 
in this paper, 

General Areas For Reliability Research 

The objective of reliability research is to derive the necessary r~rrthotcetical, 
statistical, and laboratory methods required in the follwiag four general. 
activities: 

I. The evolution of a component or system design which ineorporntes optimum 
reliability ,* 

XI. The production of a cauponent or a system which preserves (end poseibly 
imprwes) the reliability characterisbics of the deeigp. 

111. The ratlinte~nce and evaluatien of reliability characteristico in stock- 
pile and in use. 

XV. The provision ~f baeea for decisions by management or by the military 
where matters of reliability are, involved. 

h e  result of a particular reliability reeearch project often will apply to 
more than one of these four categories. 

In s a ~ e  cases the problems discu88ed later are assigned arbitrarily to one of 
the four categoriee. 

The reeearch activities of the Reliability Ekmtuation Division generally are 
directed tward the derivation of mathewtical and statistical tools. Re~earch 
into laboratory method8 usually i a  confined to the statrietical design of cax- 
parimeats aspect of a given problem, 

Reliability Reoearch Problems i n  Development 

Firct, let's consider the major problems that ariee in conaection with the 
evolution of a cornpanent or a system design. Among thetee problems are: 

1, Aaalyais of the design in an attempt to predict the most probable mode8 
of failure, 

2, Determinatlaa of the teat procedures vhich yield the rasximm es~nunt of 
reliability information and re-ewaluation of the procedurewae testing 
progrenaeo . 

* The term optbum reliability mean8 maximum reliability cmsistent wtth 
other eystem requirements. 



6 3.  Investigation of means of decreasing test corts i n  time and money. 

, $ 4. Inveat igat iar  of methods f o r  estimating the use env l r ammt  and f o r  
extrapolating r e l i a b i l i t y  ert imater i n t o  t he  w e  mvir-to 

.i 5. Applicatiar of t he  method8 of Boolean nret'rix theory t o  the  e r t i q s t i on  of 
r e l i a b i l i t y  i n  the analysis  of c i r c u i t  deeigns. 

6 .  Investigation of wthods  f o r  s t a t i n g  r e l i a b i l i t y  specif icat ions .  

Work ar t he  f i r s t  two of these a i r  proble~zs has proceeded o9 s e a t  of a 
routine, non-rmearch baair  a t  Sandla, Propored c i r cu i e  designs a r e  uaually 
examined by tho Reliability Divirian for tho  purpose of mkiug a pr ior1  rer 
l i a b i l i t y  er t imster .  In these sumina t iaar  unsuspected modes of f a i l u r e  
frequently a r e  uncovered. General guide l ineo f o r  applying tho 'Physics of 
fa i luret '  appruach to  the  design of a t e s t  program have beem ruggeeted by 
Les l ie  E. Ball .  Barever, we knw of no generally accepted procedure f o r  t h e  
p red ic t im  of individual lpodor of f a i l u r e  par t icu la r ly  where a combination 
of emriroab.nta1 factoro is  involved. 

Procedures f o r  spec i f ic  types of tests and for teat. a t  par t icu la r  stages 
i n  t he  daeign t o  atockpfle process have received considerable a t ten t ion .  The 

* deaign t o  s tockpi le  rsqurace of evento i a  w w l l y  long and 8ometinsee qu i te  
complex. We believe t h a t  a t  leoot a sound philosophy or preferably a a t a t i s t i -  

r a l l y  sound procedure should be dettelqred f o r  apportioaing tlme, money, and 
equipment to the  rer ieo of t e s t a  required i n  t h i s  sequence of events. Such 

v a procedure should y ie ld  more accurate r e l i a b i l i t y  ertiarlltes and decrease the  
long range corts of t he  over-all  t e a t  program. 

* 

The f a c t  t h a t  r e l i a b i l i t y  var ies  v i t h  emtiromnental f ac to r s  is w e l l  known, 
but t h i r  knowledge r a r e ly  a a b r r c u  more than the  q u l i t a e i v e  aspects of auch 
var ia t ion.  Rules-of-thunrb are offered o c c a e i a a ~ l l y  as rough methods f o r  
approximating envi rorwnta l  e f fec t s .  Since a r e l i a b i l i t y  estimate v i t h  no 
indication of its accuracy is of l i t t l e  value except f o r  pu rpo~es  of c a w  
parison, the  we environment arrt be estimated with ru f f i c i en t  accuracy t o  
allow incorporati- of rearonable fac tors  of sa fe ty  i n t o  the  weapon derign, 
Furthermore, o t a t i r t i c a l  and laboratory procedure8 need t o  be developed for 
eatinuring t h e  functional re la t ioarh ips  between r e l i a b i l i t y  and the various 
e n v i r ~ t a l  var iabler .  Saw theore t ica l  consideration of chi8 problm appmrs 
i n  a Sandia document2 which conaiderr t he  special  case i n  a i c h  the  environment 
is a randuo variable.  Another approach appears to  l ie i n  t he  application of 
actreme value theory t o  t h e  probabi l i ty  of occurrence of rovere environment8 
and eavirarmhntal ccabinat ims.  

The arralyrie of c i r c u i t  derigru i n  t he  ear ly  stagea of development i s : a n e  
function of the  Rel iab i l i ty  Evaluatioa Division. The methods current ly  w e d  
have be= explained i n  a SIlrdia Corporation doclrmant3. A second doc;iment4 
illwtrates rare rhortcut a ide i n  tho use of there  methods. We hope , to  be 
ab le  to apply Boolean matrix theory in  deriving a method fo r  more rapgd 
c i r c u i t  r e l i a b i l i t y  ev.lrutionr.  So bar we have done l i t t l e  more than note 
m example or two which holds same pranire  f o r  such an approach. Aaide fram 
er tab l i rh ing  the  necerrary ru le r  of Operation, the main problom appear. t o  
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be the conversion of a square mlttrix which describes circuit operation into 

4'. 
a matrix with component reliability estimates which may be evaluated by 
machine.mbthods. We believe this problem holds sufficient promise to  warrant 
an early attack. 

The valuable contributions of Robert Lusser have gone far in the development 
of methods for stating reliability specifications. However, we believe that 
a complete theory m e t  develop the relationships between interval estimates 

q of the system reliability and the interval estimates of component reliability. 
Such relationships are fairly readily found for point estimates of reliability 
but point estimates rarely, if ever, carry any quantitative measure of their 
accuracy. Two Sandia studies5s6 make a start on this problem, but much 
remains to be done. h e  first of these studies considers the error density 
function8 of systems (with operating time as the independent variable) in 
terms of the error deneity functions of the components. The.second of these 
studi.c~~,coneiders the general theory of confidence intervals and uses simple 
%a-cll ruient systems for examples, This problem may appear trivial on the 
surface, but for complex systems we do not know today what confidence state- 
ment could be made for a system based upon known confidence statements for . the components. . . 

. r The problem of writing specifications also applies to test equipment, Insofar 
0 aa the normal density function applies to tear set errors and to errors in 

product performance this problem has been considered by the Reliability 
P Evelua t ion Divieionj . 

'Reliability Research In Production . 
Now, I should like to consider a few problems that appear t o  arise more 
frequently in the production stage of the system than in any of the other 
three general categories mentioned near the beginning of this paper. Same 
of these problems are: 

1. The derivation of methods for using quality control and acceptance 
inspection data in the prediction of reliability. The suggestion of 
changes that will result in the data taken being more useful in deriving 
reliability estimates. 

2. The derivation of procedures for measuring the effect of testing at 
various stages of production, storage, and use upon the predicted 
reliability in use. 

t 

3. The investigati~n of the theory of life curves and its application to 
> .  the reliability aspects of weapon and missile components. 

k, The derivation of improved sampling plans. . 
5.  Further inquiry into the theory of testing for intermittent failures. 

6. Further study of the use of' confidence intervals. The study and appli- 
caticm of the theory of confidence regions. 
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7. The development of criteria for making a clroice between hanpetiw program 
and between suppliers.. 

3 , 
In the course of extending our data collection system, we expect to learn the 
extent to which quality control and acceptance inspection data .can be used in 

I estimating reliability. We are using same of these data' presently. By c& 
paring eheae data with data from later tests and inspectims, sonre indication 
of the effects of certain environments may be obtained.', 

a \ 

The effects of testing em reliability are closely akin to the types of life 
curves which may characeeriee V n y  coanponents . Theref ore, in' general, these 
two problem8 way be considered together. The theory of the initial failure 
and chance failure life curve c ~ i n a t i o n  has been exteoeively Created, Row- 
ever, as Marcus Acheson effectively points out, there ark many ether types sf 
life curves. Where the theory of life curves applies, the effects sf testing 
require that.we learn more about the life cuntes of particular campments sa 

,an;aid.in.detemining whether .testing has an adverse effect on reliabilityo 
. . 

Presently knm sampling platis require inordinately large sample sizes for 
reasonable asauranee of quality sf highly reliable devices. Samagles of SO 
per cent or more of a lot are.required in acme cases. Such large simplee axe 
patently costly. Millions of dollars could be eaved by' succeesf ul research 
into new sampling techaSques, Emever, new sampling plans must be examined 
for their elfifect on the a m m e  end qasality of informtion generated for a 
reliabilitp~evaPuati& program. The.genera1 theory of sequential sampling 
is well kn0wn. New earapling plans might be based on sequential procedures. 
Reliability people.face a real problem in determining what AQL levels to . 
specify to get umeoahot devices of etated required reliability across many 
lots, They also face a difficull"ptob1em in stating acceptable consumers and 
producer8 risks. Certain types of faftures on same types of equipment appear 
infermit;tently, The theory of. the detection of.interdttent failures has been 
developed in the Reltabilitp Evaluation Division as it applies P;Q acceptance 
saupling08s9 Further work remains to be done on the effects of intemitteno - 
f'afl'iike~ as they pertain to final reliability e s t ~ t e a ,  

Many of our reliability eathaeea are stated in term of conf fdence fate.~ala, 
The theory sf confidence intervals hao been studied extensively at ~ k d i a  be 
However, ae mentioned earlier in thrle paper, we heve yet to determine the re- 
lationahips between confidence intervals for camponenee sad those f6o the system. . 

. _ Graphs and ggmo&aphs have been collat~cted for the datetminaeio. of confidence 
intervals where the binomial dieeributllon applies and where the probability of 

. . failure is expected to be sma81.l?:llheee graphs have also been of value in 
making preliminary estfmeatee of s e l e  sizes required to demonsCrate the afcain- 

. ment of epecif%ed reliability values, . 

, In many sitvatione we are &nteresged.dn greater detail than a s%mple succees-or- 
1 failure model provides. For eaample, a bemb may detonate. pr~curely, i f  my  ~ * detonate properly, or. it may fail to detonate, Xn such D trichoto;llp of events, 

t confidence intervals can be derived for the probability of each evena if only 
I the marginal density functions are cansidered. Howsmer, we believe that such 



a situation could be described more accurately by probabilistic methods which 
avoid such a piecemeal approach. Perhaps the theory of confidence regime 
could be developed and applied in such situations. 

N-rous testa exist for making choice8 betwe& products or systans where 
special conditions apply. We knua of no teat that can be applied in eituntions 
where the effectiveness of a product (for example) d.lpends on several parame- 
ters, saee of which favor one design (or supplier), while other parameters favor 
another design, We feel that thie problem is amenable to the techniques devel- 
oped for use by the systems analysts. We believe it is deeirable that such 
tests be conrprehendible by those people who make euch decisisns. 

Reliability Problems In Stockpilin~ and Use of W e a w  

In the maintenance and evaluation of reliability in stockpile and in use three 
major problems arise: 

1. The derivation of methods for wing surveillance da,ta 1la.confirsring or 
amendsng earlier estimates of reliability a d  in extrapolating reliability 
estimates into the use e ~ v i r o ~ t .  . .. 

2. The +uvestigatlm of the role of reliability in d@t~rmirxinggtockpile 
reqdremegte. 

3. The .derivation of mehods for using reliability eetfimates In decisions 
to or not to retrofit. 

The first of these problano is a continuation of the more general problem of 
keeping an up-to-date estimate of reliability beginning with the original study 
of the rppotern design. As the data c~llection program of the Reliability 
hluation Division maturea, it is expected that greater effort will be expended 
on the aaalyaie of this particular rtype of data, 

The determination of stockpile requirements is a complex problem which generally 
requires input data available only to high military circles. In general such 
problems can be treated only in terms of unknown par-terlo. Eawcver, noma 
aspects of this problea appear in connection with the fitst problem of the next 
section. 

The problem of the best time to retrofit a weapon type has been considered at 
Sandia but no solulion has been found as yet. Insofar as retrofitting may be 
justified because it improves relfniility, this problemmay be considered in 
connection with the first problem ia the next oection, ,- 

The Provision of Baeea For Dec&s&~z 

The'general problem of providing bases for decisions by wanageawnt or by the 
military where matters of reliability are involved werlapa a s  of the problem 
discussed in the preceding category. In addition to these, the following problema 
have appeared: 

1. The derivation of methods for estimating the value of imprwemente %n relia- 
bility in terms of money, time, or other measures of value. 
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2. The study of relationships between reliability and performance capability, 
t accuracy, vulnerability, operability, etc. * 

' 9  

With regard to the problem of evaluating improvements in  reliability we have 
4 suggested sane elementary methods for determining lower Limfts for the dollar 

value of reliability improvements. When these lower limits are sufficiently 
high, they are of some value in indicating a decision. When a decision is 
not indicated by these elementary means, a more detailed evaluation muat be 

q made and one imnediately is confronted with the lack of input data, 

The problem of studying the relationships between reliabilty, perfamnce, 
capability, etc., is properly the business of the System Evaluation Department, 
Under the present organization, the Reliability Evaluation Divisial would 
contribute only to the reliability phases of such a problem, In the past this 
division, under a different organieation, has contributed to one such study 
with respect ro'a particular weapon, The solution to such a problem usually 
lies in the derivation of an aver-all "worth equation", This worth equation 
supposedly serves as a decision function where a choice between two or more 
weapons or versions of the same weapon is involved. Such decisiono depend 
upon many factors for which quantitative measures do not yet exist. Hence, 
the value of any general worth.equr\tion derived fo date is in-our estimation 
a matter of considerable doubt:. 

Sme General Problem 

In addition'to the problems already dfacussed in this paper there ore others 
of a more general nature. It is possible that game theory, search theory, 
and information theory can be applied to problems of interest in reliability 
research. In the past the Reliability Evaluation Division rarely has had 
more than two people at work on problems of the type outlined ear1:ter in 
this paper at any one time. Therecore, our efforts have been directed to 
problems and methods which have shown early pranise fo-L a useful solution, 
In the imnediate future we hope to add to the reaearch potential o:f the 
divieion. As such people are added we hope to do some reaearch of a more 
exploratory nature. 

In retrospect it appears that we have'solved few of our problems. Bowever, 
we believe that real progress has been made when our Major problems have 
been recognized. We hope that rdditions to our reliability research staff ' 

will allow us to attack on incrsawtng number of these problem. Although 
we of the Reliability Evaluation ntvi,~ion of Sandia Corporation do not 

t expect to solve all of there problems !unassisCed, we hope that our major 
, contributions to future relizbtlity ~ ~ ~ o s i a  will lie in the domain presented 

here , 

An Appeal 

This paper has presented sune proposed research activities pertaining to 
reliability in the context: of the work being done by Sandia Corporation. 

a 
However, we believe that these problem are not peculiar to our cumpany. 
We have attempted in this paper to bring focus on the mature and extent of 
the research needed to accomplish the major tasks which face reliability 
people, i ,e . ,  we have attempted to define the problem srean, We strangly 



urge that the infancy of reliability efforts emerywhere be recognized and that 
theee infant efforts be bolstered by suppore of the research required, To 
this ezrd it is recaamended that the various military services and manufacturers 
make these fmportant problome knm to univereities and other research agencies 
and if necessary support this reseurch by contract or endowment. 

f would like to carake another plea and reccamnendution. regarding camnmicotion. 
Within the AHC family there is a classified journal on reactor technology. 
It seem possible to me that a slimilar journal on reliability problem and data 
exchange could be sponsored by the DOD. 
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