CHAPTER 10

DATA BASE CONSI DERATI ONS

INTRODUCTION

Previous chapters of this text have presented descriptions of, and anal ytical
techniques for, quantitatively assessing systemsuitability paraneters -
reliability, maintainability and availability. Topics discussed in these
chapters included sanple size, test hours, test article configuration, etc.,
all of which fornulate the quantitative characteristics of the data base which
supports our assessnent.

In contrast, this chapter presents a discussion of qualitative data base
characteristics. For exanple, it is inportant to conduct sufficient testing
on any prototype system but it is essential that a production decision be
supported by a data base conposed of production configuration test data.
Al'so, a data base format nust be structured before any actual testing is
conducted to assure that the required information is collected during testing.
Finally, the availability of a meaningful reliability data base, early in

production, that reflects early deploynment perfornmance can be especially
val uabl e fromboth a readi ness and an econom c vi ewpoi nt.

These and other qualitative characteristics nust be considered on an a priori

basis to assure that the data base under devel opnent can support the required
assessnent.

IEST EXPOSURE CONS| DERATI ONS

Per haps one of the nost inportant subjects to be considered in the evaluation
of RAM characteristics is the subject of test exposure. The term*“test ex-

posure” refers to the anount (quantity and quality) of testing perfornmed on a

system or systens in an effort to evaluate performance factors. ‘L’he connota-
tion of the termtest exposure should include much core than what is nmeant by
the classical “sanple size.” \Wen considering single shot devices, test
exposure refers to the nunber of itens expended. On the other hand, for
non-repairable, continuous operation systens, i.e. , destructive testing, test
exposure refers to the amount of tine consuned during the test. In this
situation, the nunber of itens required for testing is not known until the
test is conpleted, i.e. , the required anount of tinme on test has been
achi eved. This results because the actual operating life of each unit is

unknown until|l after the test is conpleted.

Now consi der the case of non-destructive testing on single shot or continuous
operation systens. For a single shot system non-destructive test exposure
refers to the nunber of operating cycles. Al cycles could, in theory, be

performed on a single item For a continuous operation system non-
destructive test exposure refers to the anount of test tinme to be accunul ated
just as for the destructive testing case. However, W th non-destructive
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testing, the test designer should exercise good judgnment in precisely defining
the test exposure. El enents to consider are:

Shoul d the tine required be accunul ated on one system or several
systens?

Shoul d prototypes or production nodels be used?

Shoul d testing be accelerated by elimnating nonoperating tinme? I|f
so, what is the effect?

- Do we anticipate changes in equipment failure rate due to age effects
or design nodifications?

| s the external environnent commensurate with the requirenments?

One System Vs. Several Systens

Testing one itemfor 100 hours is, practically speaking, not the sane as test-
ing ten itens for 10 hours each, although when considering the exponenti al

nodel, the two tests are theoretically equivalent. The maj or statistical
assunptions involved are a constant failure rate and a honogeneous popul ation.
Although the two test alternatives presented are not equivalent for practical
eval uation purposes, it is not’ a case of one being “better” than the other.
Each alternative has a desirable feature. The test involving ten itens has
the advantage of using a greater cross-section of the population. This is
particularly inportant if the population quality is inconsistent. On the
other hand, the test of one itemfor 100 hours has the advantage of exploring
more fully the effects of equipnent age on systemreliability.

As a general rule, for evaluation purposes, it is desirable to test a “nod-
erate” nunber of itens for a “noderate” period. This makes the test rela-
tively insensitive to the underlying statistical assunptions of constant
failure rate and sanple honogeneity. One conproni se between sanple size and
test exposure requires that a mninmumof three itens will operate for at |east
1.5 times the mninmum acceptabl e value (MAV). As another exanple, MIL-
STD 781C recommends for production acceptance testing that 10% of the [ot be
tested, down to a mninumof 3 items, and up to a maxi num of 20 itens.

Anot her recommendation presented in MIL-STD 781C is for each test article to
operate at |east one half the average operating tine of all articles on test.
|f sonme of the test articles experience an excessive nunber of failures there
is a natural tendency for themto accunulate little test exposure, sinply
because of the difficulty of keeping themon test. A constraint of this type
should mnimze this biasing tendency.

Accel erated Testing and External Environnent

Because the operating life of nost systens generally exceeds the avail able
test period length, some formof accelerated testing is often performed. The
acceleration may consist of merely elimnating standby time fromthe duty
cycle to subjecting the equipnent to sone sort of overstress conditions. The

eval uator should be aware of the inpact of accelerated testing on the equip
ment and how it will influence his analysis.
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G rcunmstances not defined in the mssion scenario can significantly inpact the

results of a reliability test program Every effort should be nmade to contro
these and other effects so that the test environnent is conmensurate with the
i nt ended operational environment.

Prototypes Vs. Production Mdel s

In nost cases, there is no choice in this matter. For instance, in devel op-
ment testing there are generally only prototype nodels available. However,
for operational testing and evaluation, production nodels should be used. In
this case, we are trying to evaluate the “final” configuration systemas it

w |l actually perform®“in the field,” rather than evaluating the systenis
i nherent capabilities.

COWPOSI NG THE RELIABI LI TY DATA BASE

Wen we use data anal ysis techniques that consider the possibility of a chang-
ing failure rate, we are acknow edging that there is reason to suspect that

the failure rate may not be constant. Two of the npbst common causes for a
changing failure rate are:

- I nherent changes in the equipnent as it accunul ates nore hours of
operation, i.e., as it ages.

- Changes in the equipnent due to design changes.

There is, at present, no readily usable statistical technique for analyzing
systemreliability which is affected by two or nore of these factors. We
cannot define a precise nethod for evaluating test results which are derived
from systens which are inproving as a consequence of design nodifications and
at the sane time degrading as a consequence of wear-out. The only guidance
for this situation is to performindividual analyses on each of the subsystens
for that period of tine when they have a fixed configuration. Total system
reliability can be obtained by piecing together the subsystemreliabilities in
accordance with a system reliability nodel (series, parallel, etc.). See

Chapter 2 for details on the application of this technique. See Case Study
lo-1.

Age- Dependent Anal ysi s

When the configurations of the systens on test are the sane and fixed, we nmay
be interested in observing the effects of aging on the failure character-
istics. For this situation, we are required to record the actual age of the
system when it has failed. Each element of the data base represents the age
of the failed systemat the tine of failure.

As an exanple, suppose that 3 systens have been on test. System1 operates
from O to 1000 hours and failed 3 tines. The tines of failure were 20 hours,
90 hours, and 615 hours. System 2 operated from 100 to 800 hours and failed 4
times. The tines of failure were 130 hours, 195 hours, 345 hours, and 520
hours. System 3 operated from 500 to 1000 hours and failed 2times. The
tinmes of failure were 560 hours and 820 hours. The recorded tines represent
the age of the systemat the tine of failure. For an age-dependent analysis,
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the cunul ative operating times are actually irrelevant. The data base for
this test is the set of failure tines.

§20, 90, 130, 195, 345, 520, 560, 615, 820}

See Figure 10-1 for a graphical portrayal of conposing this type of data base.

FIGURE 10-I SYSTEM FAILURE TIMES
SYSTEM | [—ﬁ x M ;"
020 90 615 1000
SYSTEM 2 ¢ [ X % X } |
0 130 195 345 520 I 000
SYSTEM 3 [ !’: ¥ L3 ]
0 560 820 1000
DATA BASE =¥ % % Xk % x
020 90 130 195 345 520560615 820 1000

BRACKETS INDICATE WHEN A SYSTEM WAS ON TEST.

See Case Study 10-2 for another example of conposing the data base for an
age- dependent anal ysis.

G owth Analysis

When a system or systens are undergoing a devel opment type test during which
design nodifications are being incorporated, we may be interested in observing

the effects of these design changes on the reliability of the system In this
situation, the systems are being tested so that weaknesses in design will sur-
face as failures. Ideally, when a failure occurs, all testing will stop while

the failure is analyzed and a design nodification is devel oped. The nodifica-
tion is incorporated on all test systenms and testing is resunmed until the next
failure occurs. Theoretically, for this type of testing, we are not inter
ested in the age of each of the systens. Rather, we are interested in the
cumul ative tinme they have been on test when a failure occurs. Each el enent of

the data base for a reliability growth analysis represents the total test time
accumul ated by all systens at the exact tinme a failure occurs.

As an exanple, suppose that 3 systens have been engaged in devel opnent test-
ing. In Figure 10-2 we display the failure patterns of the systens.
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FIGURE 10-2 SYSTEM TIME ON TEST

SYSTEM 1 Apm— :
o 40(l) 75(2) 200 (4) 330 500

SYSTEM 2 * L } L }
0 50 100(3) 240 (5) 400 500

SYSTEM 3 | L = o }
0 150 310(6) 430(7) 500

BRACKETS INDICATE WHEN A SYSTEM WAS ON TEST.

NUMBERS IN PARENTHESES REPRESENT THE CHRONOLOGICAL ORDER OF
FAILURES.

System 1 was the only one on test for the first 50 hours. System 2 began
operating at the 50-hour point and System 3 at the 150-hour point. System 2
was taken off test at the 240-hour point and returned to testing at the 400-
hour point. System 1 was taken off test at the 330-hour point and did not
return. To conpose the data base for this test we nust determ ne how nuch
test operating time has been accunul ated when a failure has occurred.

FIGURE 10-3.  CUMULATI VE TEST EXPOSURE/ FAI LURE H STORY

Tot al

Failure Test
Nunber Sys tern 1 System 2 System 3 Exposur e

1 40 0 0 40

2 75 25 0 100

3 100 50 0 150

4 200 150 50 400

S 240 190 90 520

6 310 190 160 660

7 330 220 280 830

The data base for this test is the set of failure tines:
{40, 100, 150, 400, 520, 660, 830}.

Note that these failure tines have nothing to do with the system ages. In
fact, the data base is the same whether the systens have no operating tine on
themat the start of the test or the systens have substantial anounts of
operating tinme at the start of the test. See Case Study 10-2 for another
exanpl e of conposing a reliability growth data base.
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COMBI NI NG DT AND OT' DATA

One nethod of obtaining a relatively larger data base at a given tinme in
devel opnent is to combine data derived from both Devel opmental (DT) and Oper-
ational (OI) testing into a single, larger “honbgeneous” data base. Al DoD
conponents have utilized this concept, and expanded use of the aggregated data
base concept is anticipated as a direct consequence of DoD policy to execute
shorter acquisition cycles supported by conprehensive test prograns.

The advantages of a |arger data base are clear. It provides the analyst the
I nformation necessary to nore accurately assess system characteristics and,
simul taneously, to be nore confident of his results. Li kewise, the pitfalls
of larger *“aggregate” data bases should be apparent. All the assunptions
I nherent in the various system math nodels apply to the data base el enents.
These assunptions relate to failure rate, test article configuration, sanple
size, test environnent realism etc. Any DT or OT data point that is placed
I n an aggregate data base nust adhere to the applicable assunptions. There-
fore, froma practical viewpoint, the developnent of a [ eaningful aggregate
data base requires that specific ground rules be established prior to data
collection and data base devel opnent. Further, the devel oper, user and test
organi zation nust jointly review available data and, using the established
ground rules, decide what data to place in an aggregate data base. (One ac-
cepted alternative to a single category data base is the conpartnmented ag
gregate data base. Under this concept, various data conpartnents are estab-
lished wthin the aggregate data base. One conpartment, for exanple, would
contain DI and OT data which could reasonably support the assessnment of the
entire systenis performance. Another conpartnent’s data would only be used to
anal yze the perfornmance of specific subsystenms, whose configuration may have
changed during the final stages of system devel opnent.

The key factor in devel oping an aggregate DT/OT data base is the honopgeneity
and applicability of the test data. That is, does the |arger aggregate data
base contain information which supports neaningful performance assessnents of
the present system or subsystens, when operated in accordance with current

m ssion scenario requirenents? |f not, an assessnment based on this data wll
| ead to erroneous concl usions.

EARLY DEPLOYNMENT DATA

One final aspect of data base developnent is the tinmely availability of data
required to accurately evaluate system suitability characteristics. It is
especially inportant to obtain timely access to infornmation which describes
mal functions or “shortcom ngs” which have been observed during early depl oy-
ment. The availability of this information permts the devel oper and user to
define and inplenent hardware, software, and training nodifications at nininal

retrofit cost and in the shortest time. The two nethods described bel ow have
been utilized to obtain the desired information at the earliest time possible.

Early Field Data Retrieval System

The conbination of an on-site devel oper representative and astructured field-
data retrieval system has been used successfully to obtain tinely perfornmnce

information during initial deployment.  The developer’s representative is
responsible for assuring that each malfunction or incident is accurately
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reported on a real-time basis. | nfformation is collected and anal yzed to
determne the presence of failure trends which require pronpt resolution. The
essential feature of this concept is the real-tinme reporting of data by a
trai ned observer to the devel oper who can initiate appropriate action. Nornal
service mai ntenance reporting systens do not provide the required response
time nor the accurate, detailed information.

Lead- The- Force Program

A Lead- The- Force (LTF) program sonetinmes referred to as Lead- The-Fl eet, has
one prinmary objective. That is, to obtain, at the earliest possible tinme, in-
formation on failure and/or wear-out nodes that all units in the force (fleet)
are likely to experience at some future tinme. O specific interest are those
failure or wear-out nodes which are unexpected, premature, very costly, or
conbi nations thereof.

For exanple, it would be cost effective to determne, early in production,
that the wing structure of a new cargo aircraft was experiencing premature
fatigue, failure, or that a new tank engi ne was subject to an unexpected
failure nmode that went undiscovered during testing.

An LTF program provides the desired information by means of accel erated usage
of a few systens and by sinultaneous in depth reporting of all malfunctions
and “incidents ."

An exanmple of an LTF programw || prove hel pful. Suppose we are starting to
deploy a new |light-arnored vehicle and the engine/drive train subsystemis
expected to have a usable service |life of 60,000 mles. During training, the
average vehicle will be driven 300 mles per nonth. At this rate it would
require over 16 years before the first vehicle drive trains will require depot
mai ntenance.  An LTF programfor the drive train subsystemwoul d require that
a selected nunber of production configuration vehicles accunulate m | eage
which is at least 3 to 6 times the average. This added m | eage nust be ac-

cunul ated under typical conditions of speed, terrain, naintenance, etc.

Assum ng the planned LTF programis executed at 4 tines the average m |l eage,

we will be able to obtain a prelimnary view of the fleet’s drive train life
cycle performance in just over four years. This information is valuable
because: it permits us to nore accurately plan future depot nmintenance re-

quirements; we are able to predict the occurrence of major mechanical problens
that could potentially affect fleet-w de m ssion readi ness; we can start now
to inplenent changes in production nodels and to manufacture retrofit kits or
spares which can be installed because nmaj or breakdowns occur.

In sunmary, an LTF data base provides information required to assess long term
system reliability and maintainability characteristics in a significantly
shortened time period. The primary benefits are linked to our ability to
execute tinmely, ~cost effective actions which naintain desired readiness
| evel s.
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CASE STUDY NO 10-1

Backgr ound

A systemis conposed of four primary subsystems. The system has been undergo-
I ng devel opnent testing during which time two of the subsystens have received
substantial design nodifications. The other two subsystens are relatively
mat ure and have not been nodified. One of these subsystens has experienced
wearout failures; the other, has not. The follow ng information on the sub-
system is avail abl e.

Subsystem | nf or mati on
1&2 Modi fications incorporated
MIBF esti nates 61 = 450 hours
> = 200 hours
3 Wearout failures
MIBF esti mate 63 = 300 hours
4 No wear out failures

MIBF estimate 9,= 800 hours

Det er m ne

1. |f the subsystens are in series, what is systemmssion reliability for a
100- hour m ssion?

2. | f subsystenms 1 and 2 are in parallel (active redundancy), what is system
mssion reliability for a 200-hour m ssion?

Sol uti on

In order to determne systemreliability, we first conpute subsystemreli-
ability using the reliability function,

R(t) = e /9
Reliability
Subsystem 100- Hour 200- Hour
| o 1007450 _ g, e-200/450 - 0 64
) e-lOO/ZOO - 0 61 e-200/200 - 037
3 71007300 _ /-, o=200/300 _ o,
. ,"100/800 _ /o0 .~200/800 _ o ;g
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1 Since the subsystens are all in series, the system reliability is
(0.80)(0.61)(0.72)(0.88) = 0.31.

2. Since subsystenms 1 and 2 are in parallel and then together are in series
with subsystems 3 and 4, the systemreliability is

“

n
— _ _ See Equations
system 1 .? (1 Ri) x Rl—n . 2.1 and 2.2
1=1 series
parallel systems
systems

[1- (1 - 0.64)(1 - 0.37)] (0.51)(0.78)

[1 - (0.36)(0.63)](0.51)(0.78)

|

(1 - 0.23)(0.51)(0.78)
= (0.77)(0.51)(0.78) = 0.31.

Comment ary

In the background, we have given the MIBF estinates for each subsystem In
order to obtain such estinmates, analysis should be done on failure data for
each subsystem In particular, a reliability growth analysis should be per-
formed on subsystens 1 and 2. (See Chapter 9 for details on this analysis.)
For subsystem 4, an exponential analysis would be appropriate. (See Chapter 7
for details on this analysis.) An analysis using a non-honpbgeneous Poi sson
process would no doubt be necessary for subsystem 3. (See Chapter 7 for a
description of when this type of analysis is required.) The prinmary purpose
of this case study i. to show how the concept. in Chapter 2 can be used to
obtain an estimate of systemreliability using estinmates of subsystemreli-
ability. The essential utility of this procedure is for the situation where
different methods of analysis for different subsystens are necessary. The
fact that the two systemreliabilities are 0.31 is coincidental.
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CASE STUDY NO. 10-2

Backgr ound

Four different systens have been operating at one time or anot her over a test

period. The failure times for each system have been recorded and are pre-
sented graphically bel ow.

SYSTEM | [ 1
(AGE) L 8 8 8 i) '
500 600{2) 800{4) 1150({8) 1400(11)
SYSTEM 2 [ v 1 .
(AGE) L T '
100 150(1) 650(6)
sy STEM 3 [ y 1 [ 1
(AGE) ' by J
0 75(3) 300(5) 500(7) 500 700
SYSTEM 4 1 ‘ ]
(AGE) ‘ ] " ~ J
0 400(9) 550(10) 700
CALENDAR TME . . . — i
(Hows)ao 100 300 550 600 850900 1000
Det erm ne
1. Conpose the data base for an age-dependent anal ysis.
2. Conpose the data base for a growth anal ysis.
Sol ution
1. For an age-dependent analysis, failure times for each system are recorded

as systemage at the time of failure.
System 1 failure times : 600, 800, 1150, 1400
System 2failure tinmes: 150, 650
System 3 failure times: 75, 300, 500
System 4 failure times: 400, 550

The data base is the set:

{75, 150, 300, 400, 500, 550, 600, 650, 800, 1150, 1400} .
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2. For a growth analysis, failure times for each system are recorded as
accunul ated test exposure at the time of failure.

System Test Hours

Failure Accunul at ed
Nunmber 1 2 3 4 Test Tine
1 50 50 0 0 100
2 100 100 0 0 200
3 175 175 75 0 425
4 300 300 200 0 800
5 400 400 300 100 1200
6 550 550 450 250 1800
7 600 550 500 300 1950
8 650 550 500 350 2050
9 700 550 500 400 2150
10 850 550 500 550 2450
11 900 550 550 600 2600

The data base is the set:
{100, 200, 425, 800, 1200, 1800, 1950, 2050, 2150, 2450, 2600}.

Conment ary

For conparative purposes, this case study conposes the data base two ways: as
a function of age, which is appropriate for a-fixed-configuration test; and as
a function of accunul ated test exposure, which is appropriate for a test with
desi gn changes. It nmust be enphasized that this is done for illustrative
purposes only. An actual data base is conposed one way or the other depending
on the nature of the test.
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