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0.0 SUMMARY

Due to the increase in the use of Built-In Test (BIT) and External Test
Equipment (ETE), for maintainability purposes,in recent years the figures
- of merit (FOM), analyses techniques and demonstration techniques currently
, used for maintainability lack the capability of expressing the adequacy of
Lo BIT and/or ETE (BIT/ETE). The objective of this study was to determine
! what BIT /ETE FOMs and their associated analysis/demonstration techniques
are required to determine the adequacy of BIT/ETE. Also, how and when
should these BIT /ETE FOMs be specified,
The BIT /ETE FOMs defined and examined in this study have all appeared
: in previous system /equipment specifications. However, few system specifica-
tions have thoroughly defined all the BIT /ETE objectives and in many cases ,
B the interpretation of the requirements was ambiguous. As a result of this %
study a firm definition of each of the BIT /ETE FOMs has been established, b
v These definitions and the models that define them are summarized in Table 1, i
For the FOMs defined with "detected faults", "detectable faults" can be in- 3
terchanged with "detectad faults" without affecting the definition of the FOM,
g For each of the defined BIT/ETE FOMs, methodologies have been developed
?) for analysis and demonstration. The analysis and demonstration techniques
E developed consist of existing techniques, modificaticn of existing techniques,
Fﬁ

and new techniques. Table 2 summarizes the various analysis and demon- ‘5
stration techniques that apply to each BIT/ETE FOM, ]
3 A methodology has also been developed to determine when each BIT /ETE
FOM should be spedified. The methodology correlates the various system/
equipment BIT /ETE objectives with the BIT/ETE FOMs that sult each objec-
tive the best. Determination of the moat suitable FOMs was based on 1) how
the BIT /ETE FOM was rel.ted to BIT /ETE objective, and 2) how well the

BIT /ETE FOM was evaluated as a figure of merit, Guidelines have also been
provided to ensure that the specification of numerical values for multiple

FOMs (1.e., when specifylng related FOMs together) is consiater;t (l.e., not
contradictory).

The final result of this study indicates that only minor alterations sre
required to integrate BIT /ETE FOMs deflned and their corresponding analysis/
demonstration techniques into the present maintainability program plans, The
minor alterations that are required have been developed in this report,
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TABLE 2, SUMMARY OF BIT/ETE FOM ANALYSIS/DEMONSTRATION TE

BIT/ETE FOM

Analysis Technique

Demonstration Teohnlquej

¢ Fraction of Faults Detected (FFD)
¢ Fraction of False Alarms (FFA)
o Fraoction of Fulse Status Indioations

(FFSI)
® Mean Fault Detection Time (Tpp)

¢ Mean BIT/ETE Running Time (Tg)

® Frequency of BIT/ETE Executions
(FB‘),

® Test Thoroughness (TT)

o Fault Isolation Resolution (FIR (L))

o Fraoction of Faults Isolated (FFI)

¢ Mean Fault Isolation Time (Tpp)

® Maintenance Personnel Skill Level
(MPSL) -

¢ RIT/ETE Reliability (MTBFp/g)

¢ BIT/ETE Maintainability
MTTRp/p)

¢ BIT/ETE Availability (Ag/g)

¢ System Maintainability MTTR)

¢ System Availability (A)

¢ Fraoction of Erronsous Fault
(solation Results (FEFI)

¢ can be analyzed by a ratio of occurrence rates
(64 B« failure rate)

e can be analyzed by a ratio of ococurrence rates
(e«g., fallure rato)

¢ oan be analyzed by & ratio of ocourrence rates
(e« ge, failure rate)

¢ can b analyred by a method similar to MIL~
HDBK-472 prooedure 2 or RADC-TR-78-189,
a fatlure rate weighted average of times (times
determined thru time line analysis)

e oan be analyzed by time line analysis sinoe
thore 1s no randomness in its ocourrence

® onn be analyzed by time line analysis since
there s no randomness in its occurrence

® oan be analyzed by a ratio of ocourrence rates
(CY 19 faflure rate)

¢ can bo analyzed by a ruatio of cocurrence rates
(e«g+, failure rate)

¢ oan he analyzed by a ratio of ocourrence rates
(es 8+, failure rate)

® ocan be analyrzed by a method similar to MIL-
HDBK-472, procedure 2 or RADC-TR~78-169,
a failure rate weighted average of times (times
determined thru time lne analysin)

¢ oan be analyzed by a weighted. average of skill
levels if it is defined as an average, otherwise
it 1s atrictly detarmined by moasuring the max.
tmt\:;n akill level roquired for each maintenance
wotion

¢ oan be analyred using MIL-HDBK-217

® oan be analyzed using MIL-HDBK-4172,
RADC-TR~78-189

® oan be analyzed using ourrent techniques to
determine reliability ar.d maintainability (e.g.,
MIL-HDBK~217, MIL-HDBK~472, atc...)

¢ can bo analyzed using MIL-HDBK~-472,
RADC-TR~78-160,

¢ van be analyzed using current techniques to
determine reliability and maintainability (e.g.,
MIL-HDBK=-217, MIL~-HDBK~473, et0...)

@ oan not be analyzed

cen be verifled by a binominal diﬁ
by fleld data collection (FFDp only

can be verifled by fleld data collect‘
can be verified by fleld data mlleoji

can be verified by direct time muig:
| 3

K]

4

reun he verified by direct time meuq‘

© 1t be verifiad by direct eime meu‘

can be verified by direct meuuremj
the same way FFD s domon-trnted.
on how it {s defined

can be verifiod by a multinomial diql
or by fleld data oollsction

can be verified by a binomial diltrli
by fleld dats coltection

can be verified by techniques simm
MIL-S8TD-471 or by fleld data oollod

can be verified by direot munuromq
ficld data collection

can be verified by using the techni
MIL-S8TD-781 or flald data collection

can be verified using the technique
MIL-8TD-471 or fleld data ocollection

can by verified by using the technli
MIL-8TD-781 and MIL-8TD-4710r b
collection

can be verified by using the technii
MIL-STD-471 or fleld data collection

oan be verified by using the techni
MIL-8TD-781 and MIL-S8TD-472 or l;
data oollection

can be verifled by a binomial distrit
by fleld data collection
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TABLE 2. SUMMARY OF BIT/ETE FOM ANALYSIS/DEMONSTRATION TECHNIQUES

£ oM

Analysis Technlque

T'emonatration Technique

ta Detected (FFD)

b Alarms (FFA)

Statuy Indioa

on Time (Tpp)

i,
E’mlug Time (Tp)

i

*):’ETE Executions
i

ba (1T)

H
llb.nlmlun (FIR(L))

i lsolated (F¥D)

Time (Ty)

D
;.
|

|
Poul skill Level

® can bw analyrod by a ratio of occur;ence rutos
fe gy fallure rate)

® can be analyzed by a ratio of occurrence rates
(e » Mailure rate)

® can bo analyzed by a ratio of oceurrence ratoes
(084 Inilure rato)

® oan be analyred by & method similar to MIL.-
HDBK-472 procedure 2 or RADC-TR-78-169,
a fallure rate welghitod average of times (timoes.
determined thru time Lino analysis)

® can be analyzed by time lne analysis since
there {s no randonineas in its occurrence

® can be analyzed by time Une analysis since
there s no randomness (n its occurrence

® cdn be anatyzed by a ratio of cocurrence rates
(0. v fallure rats)

® oan be unalyred by a ratio of ooqurrence rates
(0o gey fallure rate)

® can be snalyzed by a ratlo of cocurrence rates
(©®«ge s fatlure rate)

® can be analyzed by a method wimilar to MIL-
Nll)l::(-ﬂz.‘promdu:’?l or RADC-TR-74-189,
a fallure rate welghted average of ttmes (tim
determined thru timo line analysis) (times

® can be anslyced by a welghted average of
lovels {f it is defined as an nvoun.':?he:wk::le
it lv striotly determined by measuring the mux-

Imum skill lavel uired for
imum req oach maintonance

® can be analyred using MiL-HDBK-217

@ cau be analyzed using MIL-HDBK-
RADC-TR-15-169 412

© can be analyzed using current techniques to
deternine rollability and munmtmmw (CuBes
MIL-HDBK-N'I. MlL'HDBK"?zo ew,,, )

® can bo analyzed using MIL-HOBK-
RADC-TR-?G- 189 e

® can be analyzed using current technk
determine reliability and muntauub‘;‘l‘::; (?.
MIL-HDBK-317, MIL-HDBK-473, o, )

@ can not be analyzed

can be verifled by a binominal distribution or
by fleld data collection (FFDypy only)

can be veritled by fleld data collectlon only
can be vorified by fleld data collection only

can be varified by direct time measurement

gen by verified by direct time meusuzement
can be veriflad by direct elme measuremont

can be verified by direct moasurement or

the same way FFD {s damonstrated, doponding
an how it {s defined

oan bo verified by a multinomial distribution
or by field data collaction

oun be verified by 4 binomial distribution or
by field data collectlon

cun be verified by tochniques simttar to
MIL-STD- 471 or by fleld data collection

can be verified by direet measurement or by
flold data collection

can be verified by using the techniques of
MIL-STD-781 or flold data collection

can be verified using the tochniques of
MI1~STD-471 or fleld data collection

oah be verified by using the techniques of
MIL-S8TD-781 and MIL-STD-471 or by fleld data
collection

can bo verified by using the tevhniques of
MIL-STD-471 or fleld data collection

can be verified by using the techniques of
MIL-STD-781 and MIL-STD-472 or by fleld
data oollection

can be verifled by a binomial distribution or
by fleld data collection
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EVALUATION

The objective of this study was to investigate and determine figures of
merit that could be used in spgcificqtions as requireméntsvfor Built-in-Test
(BIT) and exterﬁal tester adequacy as well as the corresponding demonstration
techniques and procedures that could pe used to verify that the figﬁres of
merit have been achieved, ,

The objectives have been satisfactorily fulfilled. The final report
provides the information necessary to adequately specify, analyze, and
demonstrate the BIT/ETE capabilities contained in a system/equipment. The

methodolngies presented are compatible with existing maintainability program

elements and allow BIT/E\t requirements to be easily integrated into standard
maintainability programs.

The use of the results of this effort provides the foundation for the
consistent specification and ver1fiqat10n of effective BIT/ETE figures of

merit in electronic equipment/system acquisitions.

JERRY F. LIPA, JR.
Project Engineer
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1.0 INTRODUCTION

This dooument presents the results of a atudy to investigate and determine

the measures and figures of merit that should be used in specifications as require- ;
ments for Built-in Test (BIT) and External Test Equipment (ETE) adequacy. This .
study was performed under Contract F30602-78-C-0137 with Rome Alx Develop- {
ment Center,  This report is prepared in accordanve with CDRL item A002 and ;
data ftem desoription DI-S-3581A/M. b
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1.1 DEFINITION OF THE PROBLEM

In recent yoars the use of Built-in Test (BITY and/or Externdl Test Kquip-
ment (ETE) as maintonanoce tools haa hmronat\d signifioantly, For parposos of
thln study BIT and ETE are defined as:

Built=In Test (BIT) — Thut capability internal to an oqulpment/nvstum which'

is‘provided for tho purposc of fallure dotoction and/or isolation. (neludos

built-in teat cquipment (BITE), software programs, firmwire programs,
tost oircuitry, maintonunce panols, status indicators, oto,

ixternual-Tent- Equipment (ETE) - That special purpose or genoral purposo
tost cquipmont oxternal to an equipmont/system which is designated for

udo in tho fuilure detection and/or isolation process,

Tho figurea of merit, analysis technigues, and demonstration technigquos
that are currently used for the purpose of maintainubility lnok tho cupability of
oxprossing tho adequacy of BIT and/or ETE (BIT/ETE) within u systom/
equipment, Tho objuvotive of this study was to determine tho mousuxres and fig-
ures of morit that are roquired to detormine BIT/BTE adoguuoy, FMurthormory,
mothodologios wore to be developod to analyge and demonstrite these moeasures,
Speoific objectives fnoluded:

1)  survey curront figures of norit to detormine thelr usefulness wnd

completonoss for BIT/ETE speoifiontion and dotormine othor figures
of morit required, appropriate to BIT/ETE speoitioation,

2) determine mothods of measuroment and demonstration for the associ-

ated figurex of mertt.

8y  provide guidanoe for the specification of appropriate figures of morvita

and their numaorical values in maintainability requiremoenta,

4) provide guidance pertaining to the integration of DIT/ETE requiremaents

and analysis/dumonstration tochniquoes into the current maintainability
program plana,
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1.2 APPROACH

The approach to satisfying the study objectives consisted of the following:

1) Data collection — This task consisted of surveying the BIT/ETE FOMs
that are currently used and identifying what methodologies exist for
analyzing and demonstrating those OMs. The outcome of this task

‘was used to aid in the identification of additional BIT/ETE FOMs or
analysis/demonatration methodologies required,

2) FOM evaluation ~ This task consisted of evaluating the suitability of
the defined FOMs as design specifications, A weighted rating evaluation
approach was used. "

3) Analysis/demonstration techniques development - This step consisted
of developing appropriate annlysis and demonstrition techniques for the

I defined FOMa., The resulting techniques are a combination of existing,
o ~ modified and new methodologies, ‘ E
fs 4) . FOM speclfioatlonjmdelileaé -~ This task conaisted of developing a
‘ procedure for detormining what BIT/ETE FOMas should be apecified for
S glvon systom/equipmont objootives.
Y g B5) lnteé;mtmn of BIT/ETE FOMs into maintainability programs — T'his taek
consisted of determining how the newly developed BIT/KTE FOMs and
thelir nssociated analysis/demonstration tochnigues should be implemented
into & maintainability program plan,

S s e [ i T iR 2
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2.0 DATA COLLECTION
2.1 OBJECTIVE/APPROACH
A data oollection effort was undertaken to determine what BIT/ETE FOMs are
o currently bgﬂlng used, what current methodologies are being used for analyzing .
B and testing BIT/ETE, what are the dccupted quantitative and qualitative definitions ,
g for typloal BIT/ETE FOMs, and what inherent fault detection or fault isclation
E ; -charaoteristios.are not adequately covered by the current BIT/ETE FOMa. The ‘ o
r { .data. collgotion effort consimted of threa separate tasks: '
& ' 1. lterature soarch, o
. 2, system specifications mearch, and 3 B
" 3. industyy survey !
S “The following subsections summarirve the approach and findings of each data ;
- i collection task, i |
| o
\ ' .
|
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|
i
{
L
o
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2,2 LITERATURE SEARCH

The first task performed in the data collection effort was an extensive litera-
ture search, The literature search consisted of two different efforts; 1) survey
of military standards and handbooks for current BIT/ETE requirements and de~
finitlons and, 2) survey of technical publiocations related to BIT/ETE,

2,2,! Specifioation Review

' Table 8 is a list of the doouments examined that relate to BIT/ETE require-
ments, Investigation of the table indicates that n majority of the specifications
reference MIL-STD=-415 when specifying requirements on BIT/ETE, MIL-STD-
4158, paragraph 5. 2,3, which {s roproduced in Figure 1, only contains qualitative
requlrementd on BIT/ETE, The only specifioation that contained any quantitative
requirements on BIT/ETE was NAVAIR AR=10, NAVAIR AR-10 contained speci~
fio requlrementﬁ on the proportion of faults dotected/isolated by BIT/E'TE, and
the fault isolation ambiguity level. However, NAVAIR AR-10 is only applicable
to NAVAIR avionic equipment.

The only other document that contains Information on the specification of
BIT/ETE requirements {8 NAVMAT~3060, NAVMAT 3960 provides guidelines
for the design and specifiontion of BIT/ETE, but does not attempt to relato these
requirements to quantitative FOMa, The FOMe which are discussed inolude:

o Availability
Rellability
Mean Corrcotive Maintenance Timo
Fault Definition
BIT Detectability Level
BIT Fault-lsolation Level
BIT Fulse-Alarm Rate
BIT Self=Test Roquirement
Extent of Operator Partleipation
Software Constraints (memory oapacity)

Design Growth Limits

Design Coat Goal (contract specifioation)
BIT Fall-Safe Provisions

Fault Indicators

Special BIT Foatures

BIT Calibratlon Roquirements
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} { 523 BIT capability. — The built-in-test (BIT) capability shall be incorporated as required by the contract to 3 :
f E‘ assure eftfective implementation of the defined maintenance concept. The bulilt-in-test capability shall consist of » '
o the following: .

! {a)  Selt-test provisions: Selt-test provisions shall be an inherent part of an item. These provisions

shall serve a dual function: Item performance evaluation, snd complementing BIT provisions to

g Provide itam testing, When selt-test provisions are practical, the contractor shall use them;
LR however, their use shall not jeopardize the operation or performance of the item. 1

;L% (b)  Marginal testing: When aritical item parameters or characteristics are subject to change or drift 4

¥ and BIT cwaEllmu must be used, these areas shall b tested by marginal teating techniques as
Lok defined in this standard. |
N 8.2.3.1 Applicability of test provision olasses, — Class A and B test provisions shall be applicable to the BIT A
K capability, : ' 3
e L
;,-_; ‘ 8.2.3.2 BIT provisions. — BIT provisians shall be sdded to an item for the sole purpose of testing the item. ‘
g Thay shall be simple in design and operation, accurate, eatlly maintained, prefetably more rellable than the 1
A sireuitry providing performance, and shalt not degrade the performance of the item i which they are incorporated,
0 8.2.3.3 Eme of operation. — BIT provisions shall pravide optimum convenience of use and operation, The :
S design of controls and read-out devices shatl be such that they can be easily used and interproted by low skill
w personnel. To the maximum extent it shall be possible to operate the provisions with minimum reference to Item 4

o handbooks. The heed for external equipment or tools to supplemant this tosting capability shall be minimized. {

i :

Figure 1, BIT/ETE Requitements of MILSTD-415

: 2,2,2 Tochnical Publications Review
' Sources for the technioal publioations Hterature search wore; ‘
1. Defenav Doocumentation Centor (DDC)

2, NASA Sclontifie and Technieal Information Division

) 3, Hughes Afroraft Technical Library

A majority of the publioationa reviewed dealt with the deaign of BIT/ETE, but
did not addresa BIT/ETE apecifiontion, analysis, or domonstration. The only
dooument that contained any information about the speolfication of BIT/ETE was
A Gulde to the Applioation of Bullt-in Test to Navy Avionic Equipment, by ARINC
Reseeroh Corporation (AD 837 494), One sectlon was devoted to the speoifieation

ST S

St
s

=k T

of BIT/ETE, however, the content of that section nerely strossed the need for 5
botter wayn to specify BIT/ETE. It also gave relative guldelines on what the
spooifications should be onpable of ({,e.,, BIT/ETE speoifioations should be {
oapable of demonstration).
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2.3 SYSTEM SPECIFICATION SURVEY

The second data collection task used to identify the BIT/ETE FOMs that are
ourrently in use was to survey a representative sample of systom speoifications,
The review included specifications for forty=nine systems in which Hughes has
been oither the contractor for, or a candidate contractor for, These forty-nine
system speoifications cover a broad range of environments with 11 airborne,

16 ground, 18 shipboard, 4 misaile, and 1 space (one system ia used in ground
and airborne environmenta),

A review of the composite oollection of FOMs identified in the system speci~ ,
fioation review indicates that all the FOMa fall into seventeen generic groupings, ,
The specific FOMs within each group vary in numerioal vilue and exact definition
but all relate to the same generic fault detection and/or fault isolation charactoer-
istio. The goneral BIT/ETE FOMs Identified and thelr various forms encountered
were;

1) fraction of faults detocted:

; e percent of all faults au'om: tioally detooted by BIT/ETE

' e peroont of all faults detoctable by BIT/ETE

e percent of all faults dotectable on=line by BIT/KTE

e percent of all faults and out=of=tolorance conditions dotoctable by
BIT/ETE -

e percent of all faults deteotable by any means

fraction of false alarms

e rate at which false indications ocour (per 108 houra)

e percent of Indloated failures caused by actual fatlures

e percent of BIT/ETE indicated fallures caused by actual faflurea

e percent of BIT/ETE fault lsolations to the wrong LRU

fraction of false statua Indlcations

e percent of erroneous BIT indioationa

mean fault detection time

e time to indloate a fault once it has coourred

e time to deteot a fault once it has occurred

mean BIT/ETE running time

e time to verify that a fallure has ocourred/or har boen ropalrod

using BIT/ETE
frequency of BIT/ETE exeoutlons 1

s o v S

e time Interval betwoen BIT/ETE exeoutlona
8
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8)

9)

10)

|8 ))

12)

teat thoroughness

percent of all aqutpinent funotions teated

fault tsolation vesolution

{solation of Py porcent of the failurea to Xy LRUas, Py peroent of the
fatlures to Xg LRUs and 80 on, with any fault taolation method,
{aolation of all faults to less than or equal to some maximum number
of LRUs,

laolation of Py percent of the failurea to X| LRUa, Pg peroent of the
failures to Xg LRUs, and 80 on, with BIT/ETE

tsolation of & speoified percont of the fallures to loss than or equal
to n apeoifiod quantity of LRUs at the virlous maintenanoe lovela,
tsolation of & specified porcent of the fallurea down to less than ov
equal to 1 maximum number of plug=in modules.

tsolation aomi=automationlly to & cortain poroent of all faults down
to a spooified number of LRUs,

fraction of faulta isolated

{zoltto a cortain poroont of all faflurea that ooour
tsolate n cortadn poreont of all failures that voour with RIT/ETE

moan fault tsolation timoe

fsolate a apeoified percent of fatlurea that ooour within a apeatfied
maximum timo,

fanlate a fallure down to a roplaoenble lovel, w&h in n apovified
averygoe time,

lsolate n fallure down to a replacenble lovel within a apeettiod time
onee the fault irolation procean hua boen inftinted,

maintenanoe perasune! akilt tovel

All maintenanoe actions must be capable of being peeformed by a
spooifiod quantity of maintonance peraounel with a spootfiod skill
level, at various maintenanoe lovels,

BIT/ETE muat be deaigned for wae by a apeotfied mintmum akill
level technloian

BIT/ETE menn=( .\:n e=tuo=ropiir

moan=time«to-ropir ETE
moan=time-tosvepair monitoring/fanit tsolation funotions

o Ok 2 gt
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\3) BIT/ETE mean time between failures
e mean time between failures of monitoring/fault isolation functions
¢ mean time between fallures of ETE only

14) BIT/ETE avallability
° monltortng/fault fsolation functions should be operatlng with a

upeomed probability ot survival,

15) mean~time-to-repair . ;

e system/equipment MTTR & maximum repair time - ' ‘

e e

| o system/equipment MTTR & m‘a\xlmmn repalr time at var!ous ::‘, _
{I . ¢ maintenance levels ,\ \ ‘. 3
‘ 16) avallability . \ ‘5
e inherent avallability 1
o opérational avallabllity . {
17) active memory allocated for BIT/ETS funitions i
e monitoring/fault lsolation functions shall take up & speoified peroent b ’

of active computer memory.

R o e T e

’ : A summary of the system specifications revlewed and BIT/ETE FOMs
identified in each is shown in Table 4,
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8. 9, MIFASS X
10, HADR
11, FIREFINDER X, X X
R 13, ¥M-1 X | X | x |x

E - - A B I -

' 13, MeoAs %

<
M X MK KM M MMM MMM NNK
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TABLE 4. SUMMARY OF BIT/ETE FOMs SPECIFIED
IN SYSTEM REQUIREMENTS (Continued)

S R TR P A
R IR R RS 425

({ GENERIC BIT/ETE FOM TYPES
i
n.‘
|
‘a a
5{ . BYBTEM/EQUIPMENT
| Snigbonrd .
! 1o MK=~113 X | X X
b 2. MK-83 X X X
X T T X x ' x X X"
W 4, An/sPe-s2 X X
| 8 BQQ-8 X . X X X
1" e Baa-s X | X . X X
{ 7. AN/SLQ-3) X X
B 8, AN/SLQ-17 : X X
s 9, AN/38Q-78 X X, X
'10, SURTASS X X X X x | X X
11, UYAwd . X X
v 13, MKel117 X X X
| 15 TUNA BID X X
k| M4, SSURADS X
|18 AN/UYQ-21 X , X X
] 16, sADs X
17. TDCC X X X X
18, 1PD/TAS X X X X X
| missiLE,
1. MAVERICK X X 8
3, PHOENIX X X X X §
3, TOW X X X 1
4, ROLAND X | x X g
¥ | BRACE :f§
' 1. SIRE X i
:-s
}
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2.4 INDUSTRY SURVEY

The third task of the data oollection effort was an industry survey. The ob-
jective of this task was to broaden the data base obtained through the literature
search, and the system speocification survey, by surveying reliability/
maintainability engineers from companies that are familiar with the use of RMA
techniques and the gpecification/test of BIT/ETE requirements in DoD) contracta,

A list of candidate companies was extracted from the list of Government

- Industry Data Exchange Program (GIDEP) subscribers. A BIT/ETE survey ques-

tionnaire was submitted to the reliabllity/maintainability engineers of each re=
spective company. Figure 2 is 2 copy of the questionnaire form submitted, The
questionnaire was set up to oollect the following information:

1) BIT/ETE FOMs that are currently used ard type of system they are

used on

2) recommendations for new BIT/ETE FOMs

3) user oritique of the BIT/ETE FOMs identified.

Of the one hundred thirty-nine questionnaires sent out, thirty-one responses
were reocelved, for a 22 percent return, Of the thirty-one responses reseived,
twenty-eight responses contained usable data. The remalning responses wera
blank. | .

Part I of the BIT/ETE questionnaire (Figure 2) was used to identify what BIT/
ETE FOMs each respective engineer has had experience with (either in analyais,
demonstration, or specification) and the types of equipments (e.g., shipboard,
ground, alrborne, etc...) they have been used on. In order to aid the engineers
that were polled, the BIT/ETE FOMs ldentified to date were tabulated for their
convenience, Space was provided for additional FOMs. The results of this part
of the survey indicate that the BIT/ETE FOMs listed are FOMs that have been

encountered in one way or another (l.e., in specification, analysis, or demon-

stration) for the various system types, The results also showed, as expeoted,
the laock of experience in demonstrating several of the BIT/ETE FOMas tabulated
such as; false alarm rate/false status indications, fault isolation ambiguity level,
and percent of fault isolation with BIT/ETE,

Part I of the BIT/ETE questionnaire (Figure 2) was used to obtain each
engineer's view of the usefulness of the BIT/ETE FOMs identifled, Thir part
of the questionnaire oconsisted of a scoring cheoklist to rate each FOM according
to the following suitability factors: translatabllity, trackabllity, demonstrability,
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ambigulty, generality, and coat, The results obtained through this part of the :

survey oonsisted of scores (ranging from 1 to 10, with 10 being the best poasible 1}

soore) for each FOMs suitabllity factors. Since the scoring checklists reaults !

did not show very high correlation (l.e., a majority of the scores range from 1 to

10 for each FOM) the results will be used only as a guldeline in the assignment of

scores In the BIT/ETE Evaluation Task (Sectlon 4). A summary of the average :

scores obtained for each BIT/ETE FOM 18 provided In Tables B through 8, The i

raw deta is also provided in Appendix C. ' }‘
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2.5 DATA COLLECTION SUMMARY
i- r The data collection tasks (literature search, system specification survey, I
3 ; and Industry survey) have resulted in the identification of eighteengoneric BIT/ E
ETE FOMs that have been used in prior aystem speocifications, These BIT/ETE I -_
~ FOM types ave; i |
1) fraction of faults detected (FFD) - X
2) fraction of falae alarms (FFA)
3) fraction of falso atatus indications (FFSI)
4) mean fault detection timo Tpp)
8) mean BIT/ETE running time (Tg)
~6) froquency of BIT/ETE executions (Fg)
7 test thoroughness (T'T) N
8) fault lsolation resolution (FIR(L)) [
9) fraction of faults isolated (FFI) '
10) mean fault isolation time (Typ)
11) maintenanoe personnel skill lovel (MPSL) :
12) BIT/ETE maintainability (MTTRp /p) !
i 18) BIT/ETE rollability (MTBFg /p)
14) BIT/ETE avallability (Ag /)
18) MTTR
18) A
. 17) memury allooated for BIT/ETE (FMAB)
3 18) physical characteriatic FOMs (e, g., woight, cost, oto,..)
b ! Currently there aro no standardiszed techniques available for analyring ov
demonstrating BIT/FTE FOMs. The only techniques that oxiat are maintainabitity
analysis and demonstration techniques (e.g., MIL-HDBK=472, MIL-STD-411, ‘
RADC-TR-70-89, RADC TR-78-169, #to...). However these tochniquea oan only !
be used to moasure a few of the FOMn identified above, The remainder of this !
report concentrates on the developmont of amlysll/'dembiutmuon tochniques for the !
¥ most suitable FOMs that arc listed,
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3.0 BIT/ETE FOM IDENTIFICATION

Thia section examinces the basic objectives of specifying BIT/ETE FOM ro-
qQuirements, reviews and unlquely deﬂnea the current.ly used FOMsa identified in
Section 3, correlates the current FOMs with the dofined objecuvu. and {dentifics S
new FOMs required to adequately address all BIT/ETE objectives, ‘
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3.1 IDENTIFICATION OF THE BIT/ETE OBJECTIVES

The objectives of BIT/ETE can be broken down into two distinet categories
as shown in Figure 3. The first category considers the characteristics of the
BIT/ETE {tself, and the second category considers the nctual performance cap-
abilities of the BIT/ETE.

The chnrgéteriatlcp of BIT/ETE can be further broken down into the physical .
3 charactoristics of BIT/ETE (e.g., weight, volume, component count), and the n i
. | operationa] characteristics of BIT/ETE (e, g, BIT/ETE reliubility, maintain-
; ability). /it should be noted that while BIT/ETE oharacterlut ics do not directly i .
relato t{) the performance capability of BIT/ETE, generally the lavger the physi- {

y

o cnl attributes of the BIT/ETE the greater the BIT/ETE capability. Likewise the
lomr the BIT/ETE veliability is, the greatev the complexity and corroapoml- '
ingly the greater the capability.
n The BIT/ETE oapability 18 furthor subdivided into the fault detection capa-
© /7 bility of the BIT/ETE, and the fault isolation onpability of the BIT/ETE, Within
) theae subdivisions tho BIT/ETE capubility 18 broken down into three main
ya objectives:
1) how much time it takos to detect a fault (or isolate a fault) .
2) how thorough is the BIT/ETE fault detection (or fault isolution) function
gf 8) how accurate is the BIT/ETE fault doteotion (or fault isolation) function.
Sinoo the primary objectives of specifying BIT/ETE FOMs rolate to perform-
ance capabilities or operational considerations, the remainder of this report will
concentrate in these aroas, The BIT/ETE physicul characteristica are straight ‘
forward and require no unique mothodology for analysis or demonstration. \
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3.2 DEFINITION OF IDENTIFIED BIT/ETE FOMa

Of the eighteen general BIT /ETE FOM types identified thru the data col-
lection task, sixteen of them pertain to BIT/ETE capabilities and operational
characteristics., The remaining two generic FOMs (memory allocated for BIT/
ETE and physical characteristic FOMs), are related to the physical charac-

" isties of BIT/ETE and will not be further analyzed or discussed in the auc-
cesding sections., Table 10 contains a summary of the sixteen BIT/ETE FOMs
(1.e., FOM» related to BIT /ETE capabilities and operational characteristics),

" their definitions, and the general model for determining them.

For the FOMs defined with "detected faults", "detectable faults" can be
interchanged with "detected faults" and the FOM definition will still be valid.

" For the purposes of this study "detectable faults" refers to faults that can
be detected when evaluating a FOM by analysis, and "detected faults" refers

‘to faults that are detected when evaluating a FOM by a formal demonstration.
For simplfication, only "deteoted faults" will be addressed for the remainder
of this report.

It should be noted, that the models presented in this section are of gen-

.1 eral forme. Specific models to quantify each FOM, either by analysis or

demonstrating are presented in later sections.

3.2.1 Definition of Fault

The deflnition of most BIT /ETE FOMs includes a reference to faults or

failures, The definition of these terms can significantly affect the BIT /ETE ,

FOM meaning and must be clearly understood, As defined in MIL-STD-721 y

| and MIL-STD-1309, & fallure i defined as: ]

- t The inability of an item to perform within previously specified limits, or :

s { a malfunction that causes degradation or complete loss of equipnhent

| performance. ;

5 As defined in MIL-STD-1309, a fault is defined as: ]

A degradation in performance due to detuning, maladjupbmept, misalign- :

ment, failure of parts, and so forth, :

} ki In general application, faults typically include any hardware abnormality :

whereas faflures only include those faults which affect equipment (subsystem, -

' system, etec.) performance or mission accompliishment, In practice, the appl- ¥

cation of a failure/fault definition is equipment or mission related and should i

3 be defined in the equipment spedification, For purposes of this report all '

20

[ T LI L TR RO X1 JATRUR (05 L

- B T LT
PRV FOTIORETE UL Y AR M S O PP
oot et sormiamem—




“2TRAPINY WIAS 3 0] BOEOIND J0u 1
o Sansx LI/ 1N 30§ POTR T JEY] ATEAPITY Lve

P ~300 Wogiad 03 PIEbaI (247 [N WmET= 29 G
momdndo farmis v J05 IUTEIEICEL JATPIT
~300 wogiad o3 paayebad e (IS alzzMe a3 (=
o -3 1z
- ] I
(IL3/ 138 Wi w3 3 29e1on; o3 ey HW
*313/ 1M Suxrom s303d
) WOPEI08y JREg S 20300 O Fwr) AT HL
W00 ouveryErTE )
20 zepewe sy go Lomeb =153 | %qpegeds pas Imanonds: A o FI3/1ME Cua
Sy 213/ 130 s payny 5 ST} PIPNP o Lpwrerh PrElost “A13/ I3 £q pIRIRP SYe] JO BOFOeI] L
@iy pamm—— “sSuRE quaorpal o
SHEE] PR o = ¢PdEs Zaques e (Pogpads) a,qexdacos ¥E 03 Waop
() 313/110 ¥ 878 T 03 nqermon; sppmey porsasep 30 Kxryomb IEIA/ LM g POwICE] SEIT POPIRP JO WOrPEL) ML
(313/n8 & pewan . (R13/133 S pen p
00 Judmbe uEneks Jo EmowE wdpls /anmis 30 Emowe)
r - x =1L “Somis/mowdaio JITES AT 03 JATWII I1d
(313/10 £q pesas mowipiho wels Jo JEmOwS) /133 S porsa wapmis rysoundiaba e 30 mOORI] L
[s3upmox 3s31 313/ Lid Jo W8 j -tasmombax
oi&gﬂuucﬂﬂsag!lﬂgn+ q wide o pagoans aIx Jmg S1$3G I14/1M 03
SUTNOX 383} (= Kydde 300 $30p SIYL) PRIy are w3y AL/ LK
T~EE~0!»§&I§§§8§««!!& porsad gorga 1% (3982 IETPLS 3o) Lowmbaly aqL
() sowrmol 199) A13/104 J° IaEmE _
=
(dy ‘oupmat 1923 ALA/ L ) 0 10 SRy DemwamI JATIE) “N 1833 1% 30 “spsm 3o dmoa3
B . ® “2835 380 J0f 3PuIanT I I ¥ MYL “IETWOT
an 313/15X ¢ Wma05iod 03 IWY) TP Jdezsar w1
08, _ o1,
T -
OrER; HAEIRP LLY/ LM ¥ 3 23orpuy PEE PIPP 0 Jmr) HW “PAIIRIV0 SN
ioa NOEJ I IR NP WOL] PR ¥ AW PUB PIPP
° 03 worpung 113/ LI A03 syl | s} IPeIoaw M1
(02 syesy ~+wiﬂtﬂ.&§
popIapmm o Agyeeb | L3/ 13 Jo Amund = ;44
003) syiney . VIR smxem asre “SmOGENIES 338 P (Uaig
PoRepEm 1o Kyyeed | smmwad 3P| 20) seoryogn) yee) 13/ LI IO 2000 4L
) “poLmaC
0m SuN I [SRIOE UE SIYA JNES ¥ JO Swor
50 sapens peyeorpes 313/108 e o Aywesb _ PN 280R) Sr% SAIEY TR PeTETe 297 ax%
i swxere 3eng I13/09 0 Lymed e se) pagenpey I13/1168 118 JO Sor0e] I
e D poporp sype 1o Symmb = Y33 113/ 518 WA GKEPNIp
e 219/2 sq poporp syms 30 Lyech: 30} perarp SaeE] AEPIRP [I* o monoeg 2 (q
. Qﬂﬁﬁi : = Vazaz “313/14 &q
™ 223/108 £q porowp sy 30 Exwwess GIEPP 20) paPIRP SIMT (€ )0 wRPEl g (2
PPON AU worEgRd

A e T e e n SR 2R e s Fom s Trreg B tan B N o AN T ro ety S, R

SNOLLINIZIAQ 30 ZHVANNAS 01 A'THVL




28

s ‘
VLW R oo - il I (T YL OO 0

“PIRIPP {1133) sy
D) “synsa: uopeios} J0e; jo Lyguend 333 239G Sy I ¥ 2000 1y Fuain A LnUPt W -9 VOINOS] T,
ﬂmﬂqu llﬂ.!gggg g SHUSM UoW[ost e FIT/ LI JO UoOer gy TMOIEORIF JO wOnOeI]
HRIM Janyey
n!mnﬂalmla. T4 pood Iz Wyl “ew )
—~Sazd oogeiest Ynv] F13/ 119 ANSAx g3 03 443) sumd
%ﬁﬁbﬂu«ﬂv = . did] P ‘=wyeks © wol) pIMOWAI ST onoeg ML 0. DoGIRL
aaﬁoiaoﬂl o Lpuwbd
. ~euy3 ui gmod (WEOPIEY) wacEVR ¥E F¢ 203
POIE 1 SOISTIN ) LIYA “TOISSTE T J0 [0S 7
E#hﬂﬂlud PO MqESNEE0O puT AHquiadc gy ) vy wxeadmbo v
5 /ORS¢ PIGA 0 31T I IO ITRETIE Appqereay wamis
1=1
X
mvl
= 1IN
lud “W sy wasadmbe  wawis HLINR)
ro; [Tt 30] WP IOTWIETEW ANOILIOT IIEIWT IRL Supquereprsy wamis
~3un) w1 Frod (wopEsl) waAcTRm YT
P 30T PICED K NOSSTW AP GIEA ‘WotoSTa € O PNS
grin + V191 _ g, 201 I FVEW FIQOUWEMOD PUT FYRIII0 F W 61 LT @y
Aezgrx —X10 TLA/ LI MG OIYA g 331390 o2 15 IINETSM ¥ omqerey A313/18
xam, T
X
N«uﬂv Afyy e
P & N Mﬂ\ﬂn N “areaprey gy 13
/8y, AL/ 13T 90 U] KwE ¥ Tyedal of auny sdesoar WL | KxnquervmIEN AXd/16
aremprey W ss 374,
O3 wowvano W NEowcdwo JIvaprey F1LA/ LM o Kxwed N ~sTempITY WIELS I OF BORE0D J0X 1
2 — =5 o Duneay LA/ LN 305 pOTR 3 yeq) AvApIwy Ave
2 Ve, - [ 1 = Lywoses FL3/IM  SRCIRPIO POgROds Iaen
= 44 TeAZOWE] PMIROdS € 20J BOLER] PEPEIAG w31 WI0) /e gq 10 .
w qrdy -23d [pa Lageoli> 113/ 1% N PP ANIIeqoac ML Lppesd 213/
=23 I%g u&guﬂg CI8AN) 1aw] TS
.lwﬁn Lsgsgl.ﬂugi? g~ (e 1IEWOSIA] JOWEEFETEN v
- . saty u
He (13500 R 3G o = w9mons 01 ve) MW
s 4 “3L3/ I Sarem g8300ad 13) sexyy
e @y, worpon] W A ApdEn o1 IRy aBerset L WOTITIOS] WWe S WOOW  OF
==
Tttt a3, a 2 “3IOWO? ITUVEIRETE I}
gz ) per2wp e jo A% = 134 Aq PUNSAEE 13A3] WITIEICN =n o) LT LM qUm (134) peseyony
Eis Ty 323708 Y= parion wane P P o Qyxenh POTSIoS ‘XL LF T9 pURID sue 3C aTPe L ey 3 eIl 6
e
s T -
L - “FRIE Hquoeydss o
B -0 7D suney prwowp 3o Sxywond = (pEd | ssqees wwegarm (poypaeds) sxqusacce e oy waop 1A
dgess t fupahﬂiadwagigii A1A7 100 £Q PIPEOST eXDR] PYOINP JOVOTPEI] WL [(WAPEOLIY WOUVIOR) XWed &
b a13/114 iqpome " 31371 Sgpepn
= o mouwdpbe WxEbe JO FERO) Tomdte/ wwpis Jo WRORWS) o ~mmks restysho AITRS W) 93 MRS L3
ghlbi;ilbii ) /X33 £q peypses maw s sreadiubo >y 30 OMPRI) ML} (1L vSIERGIONL WIL 2
Pt e i T e ol e * st ?|b\|s||1 — X1 ‘....,L = = p\.W»....:....!‘ll.hf = s A .Ul{ = .




froer T TreesM
¥ R

BIT /ETE ¥YOM definitions reference faults as opposed to failures, The defin-
itions are not restricted however and can apply to fadlures as well, if so de-
sired, and if properly defined in the equipment specification.

3.2,2 PFraction of Faults Daotected (VFD)

The fraction of faults detected by BI'l'/ETE (FFD) can be expressed two
ways: 1) the fraction of all faults datected by BIT/ETE (FFD A). and 2)
the fraction of all deteoted faults datected by BIT/KETE (FFDD)_.

FFD is defined as the fraction of all faults that can ocour, which are
detected by the BIT (and/or ETE) function. This is represented by the
following modol; '

e
13
Y
Ju
3
I3
1
i
\

prp . = duentity of favlts detected by BIT /ETE (YBDF)
A quantity of all faults (Q F)

FFD,, is deflned as the fraction of faults that can be dejected, which aro
detected by the BIT (and/or ETE) function. This is ropresented
by the following model: ‘ :

¥FD_ = quantity of faults detected by II'I'/ETE (BD1).
D quantify of Taults detected Qypy)

For the above definitions the following ground rules have been established:
1) the quantity of all faults (Qp), the quality of faults detocted by
BIT/ETE (Qupy), and the quantity of faults detected (Qyp) oxclude
the ocourrence ef false alarms (false alarms are defined in Section

, 3.2.9).

§ ¢ 2) intermittent faults are classified as a single fault, thue Q. Qup»
Eo und Qpp include the occurrence of intermittent faults only once,
§< : 1) temporary faults (faults caused by external transients or noise)
E : are not classifled ns faults, therefore they are excluded from Qo

Qpp: and Qppp.
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3.2.3 Fraction of False Alarms (FFA)

Tho Fraction of False Alarms (FFA) s defined as the fraction of all BIT/ETE
fault indications which are false alarms, YFalse alarms are those indications of
a fault when an actual fault has not occurred, FFA {8 roepresonted by the follow-
ing model:
quantity of BIT/ETE falso nlarms (QF A)
FFA = “quantity of all BIT/ETE Indicatod fallurcs (@p 1)

False alarms are dependent upon several fuotors. First of all, false alarma
are dependent upon the BIT/E'TE philosophy. If BIT/ETE is considered an inte-
gral part of the system (l.e., BIT/ETE are considered part of the system/
equipment), then Table 11 below summarizes when a false alarm will ooour,

TABLE 11, OCCURRENCE OF FALSK ALARMS WITH INTEGRAL BIT/ETE

. Equipment BIT/ETE Indloation Status Relative
Status of Status to the Actunl Equipmont Statua
the Indionted by
BIT/ETE BIT/ETE Equipment is UP Equipment is DOWN
up up OK - gporational undetooted fault
\p down {falso alorm OK ~ detected fault
down up undetected fault undetooted fault
down down OK - detected fault OK = detocted fault (dual)

If BIT/ETE is independent of the system (I.o0., BIT/ETE faults are not consid-
ored system/equipment faults), then Table 12 below summarizes whon a false
alarm will oocur, '

TABLE 12, OCCURRENCE OF FALSE ALARMS WITH INDEPFNDENT BIT/ETE

Status of | EQ qument BIT/ETE Indlcation Status Relative
the to the Actual Equipment Status
BIT/ETE “‘d’°}E°“ by Equipment is UP | Equipment 18 DOWN
up up OK — operational undetected fault
up down false alarm OK - detoctod fault
down up OK — operationnl wndotected fault
down down falwe alarm OK =~ detected fault
28
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3

False alarms are categorized into three types as follows:

Faulty BIT/ETE function = If a BIT/ETE fault ocours which indicates
the aquipment i8 down when it is actually operational then a false alarm
has occurred.

out-of-tolerance conditions — False alarms caused by out-of-tolerance
conditiona acouy when the- Bl'r/ ETE mpakures an internal utgnal and
determines it to'be out of toleranoe. when the actual output signal (the
signal of importanoe) is. still within ita specified toleranoe botnds,
'I‘hosa types of false alarms are largely dependent upon thé cirouit and/
or BIT/ETE denlgner(a) who set the tolerance bounds for eaoh aignal.
tranaient oondltions - Fuult tndioattons caused by transient conditions
oan be olaoamed as false alarms if the transient does not result ina
true fault oondition_.

There are several conditions that may be thought of as false alarms when actual
faults have ocourred. Fault conditions that are not false alarms include;

SRR RN €T L 1o

mtei‘mittents ~ faults that exist only tomporanily (e.g., a fault indicated
in an airborne environment that can not be recreated (or verified) on the
ground).

transients that result in temporary faults 1, e., the transient results in

a fault condition and as a result, also causes s tempnrary failure in the
sy stem/equipment.
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3.2.4 Fraction of False Status Indications (FFSI)

The fraction of false status indications (FFSI) is an extension of FFA, FFSI
is defined as the fraction of BIT/ETE fault indications (or lack thercof) which are
erroneous. FFSI can be represented by the following model:

undetected

~ {quantity. of false quantity of
- +
| faults (Q'UD)

o alarms (Qu,)
FFSL= a

quo.nﬁw of 'EIT7ETE' quantity of
Jindicated faults + ) undetected
‘(.Q-E,m) . faults (QUD)

Inspection of Tables 11 and 12 indicates when false alarms and undetected faults

will ooocur (relative to the classifioation of BIT/ETE f&ultu). It will be shown
later on (Section 6. 2. 1) that FI'SI must be greater than or equal to FFA,

3.2.6 Moan Fuault Doteotion Time (Tyary)

The mean fault detection timo (TFD) i8 tho average time it takes for the BIT/
ETE function to doteot und indicate a fault from the timo that the fault has
ovourrod, TFD oan be repx‘.n_sc?utﬁd by the following modol:

LI
0

Qppr
g (timo to dotect and indicate the ith BIT/ETE detoectablo fuult)

=1

Tpp *

Wppr
8.2.6 Meun BIT/ETE Running Time (T,,)

The mean BIT/ETE running timoe (TB) is defined as tho avorage notive timo
to perform a BIT/ETE tost routine. This can bo the average for one test, a
group of testr, or all tests. 'I‘13 oan be represented by tho following model:

30
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‘f (active running time of the 1™ BIT/ETE tost routine, Thy)
K

Ty = the numbeor of BIT/ETE test routinos (NB)
The qotual moasurement of '1‘B is dopondent upon how BIT {s set up and how the
uger wants to define Tj,. Some fotors that must bo considered when determin-
ing TBarez

‘s which BIT/ETE function(s) is Ty being computed for?

- does Ty refer to fault dotection, fault isolation, ox both?

ure BIT/ETE tosta norial or ovorlapping ?
are BIT/ETE tests continuous or time shared ?
is TB the running time with or without n fault found ?
for fault dotoction, dovs the RIT/ETE tost stop upon dotection or con-
tinue to tho end ?

e {m the BIT/ETE tost poriodic or porformed ae roquested P

Gonerally (and for the purpose of this roport) 'l.*n will be lmited to the following

onsos
o fault detoction only
e puoriodic BIT/ETE tosts only
o continuous or time shared BIT/ETE tosts
¢ sorinl BIT/KTK toats
e all BIT/ETE functions
o  with or without fault found

e atop upon fault dotoetion or continue to end
3.2,7 Frequenoy of BIT/ETE Excoutions (Fp)

The froguency of BIT/ETE excoutions is defined as the frequenvy (or oyoling
rato) at which periodic BIT/ETE tosts are oxvouted, This doos not apply to
BIT/ETE tosta that are oxocuted only upon requoest, ll‘n can bo ropresonted by

[the timo it tukes to execute the complete set of BI'T/KTE -1
test routines)

+ [the idle time botweon the exeoution of the vomplete set
of BIT/ETE tost routines)
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A cycle 18 dofined as the time from the start of & given BIT/ETE toat until
the rame tost is stavted again. For cases whore all tosts do not huve the samo
periodicity, tho oyclo time 18 considerod to be the largor eyele time of all the
BIT/ETE tests. For example, Figure 4 shows the eyele time for two BIT/ETE
test routines. The cycle time for the tests combined (Tosts 1 & 2) is equal to
the largest oycle timo of the two tests, namoly Tost #2,

3.2.8 Tost Thoroughnoas (T'T)

Toat thoroughness is defined as the fraction of the oquipment/sy stem tested

by BIT/ETE relative to the entire equipment/systom, 'T'T ¢an bo roprosonted by

(amount of aystom/equipmont tested by BIT/ETE)

(amount of systom/equipment 4 (nmount of ay;tem equipmont not
testod by BIT/E'TE) testod by BIT/ETE)

™

Thore are soveral differont monauces that cun be used to quantify the amount
of n system/oquipment tested or untosted.” Somo pdssiblv parametors of moasuroe
aro:
fatlure rate (A) tested and untosted
numbor of functions tostod and untestod
numbor of compononts tostod and untosted
number of faults tostod and untoated

1t should be noted that, if the pnramotoer of measure ia tho same as {8 uaed for
FFD, the two (FFD & TT) are not necossarily equal, Howover, if the two FOMs

are ovaluated nt tho samoe levol (0. g, component failuro mode lovel) then FFD
and T'T will be oqual.

3,2.9 Fuault Inolution Resolution (FIR(L))

Fault 1solation rosolution (FIR(L)) 18 dofinod ra the fraction of detectable
faults thut can bhe isolated by BIT/ETE down to an accoeptable (spocifiod) minimum
number of replaceable itema (Rin), FIR(L) can be represontod by

quantity of detectod faults isoluted)

FIR(L) - quantity of detocted faults, (Qpp)

When FIR(L) 18 spocified, it is usually spocified for more than one L.

-
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Figuro 4. Cycle Time for Individual BIT/ETE Test Routines and Their Combined
Cycle Times

8.2.10 Fraotion of Faults Isolated by BIT/ETE (FFI)
The fraction of faults {solated (FI'D by BI'I'ETE is & gonoralization of
FIR(L), FFI oan be defined as the fraction of faults, deteoted by BIT/ETE,

isolated by BIT/ETE to the replacement level specitied by the maintenance con-
oept. FFII oan be represented by:

quantity of detected faults {solated with BIT/ETE (Qm

FFI = quantity of faults dobwoted (Wyyy
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3.2,11 Menan Fault Isolation Time (TFI)
The mean fault isolation timo (T is definod as the average time to ¢om-
plete the fault {solation process using BIT/ETE, Ty can be ropresonted by

Q
F
lg (time to taolate the Ith fault with BIT/ETE)
[ : s Co
T ~ quantity of faults deteated; Qppy)

3.2.12 Maintenanoce Personnel Skill Lovel (MI'sL)

Maintenance personnel skill level (MPSL) can bo defined two differont ways,
One way is to dofine MPSL ay the average skill level required to porform cor-
rective maintenanco for a syatem/equipment, MPSIL oan #lgo bo defined as the
mintmum skill level (.o, skill level with the lowest ability) required to por-
form corrective maintenance on n system /oquipment, For tho purposo of this
study, the latter definition will be used since the appoarance of this FOM in
specifications typloally means that the skill lovel available will be mfted,

3,2,18 BIT/ETE Relinbllity (MTBFB/&‘J_

Tho BIT/ETE Relnbllity (MTBF /i) 18 defined as the probability that the
BIT/ETE oirouitry will poerform its intondod function for a spoecified interval
under spooificd conditiona, BIT/ETE ofrouitry is any hardware that is used for

BIT/ETE testing that ia not common to the aystom hardwiare, 'M’I‘N‘B /g O
bo representod by

-1

Ny/k
\ i' . _l . é (]
MTBFR ™ ["u/l«:] Mg

kvl 3

wherae: "B e failure rato of the kI BIT/ETE hudware componoent
g 3

: NB e " quantity of BUIY/E'TE hadwivre oompononts not common
* to system hardware
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g 3.2.14 BIT/ETE Maintainability (M'l"I‘RB /E)

BIT/ETE maintainability (M'I"I‘RB /E) is defined as the average time to
repair a fault in the BIT/ETE circuitry, M'I‘TRB /g 80 be expressod several
ways, One way of expreasing MT'I‘RB /E is by

N
B/E
;{ Ap/E . Mc'rk
K1

N '
E Y

% AB/E | ‘
K1

MTTRy y, ®

where: MCT is the repair time for the kth BIT/ETE hardware
k component

A A\p /8, failure rate of the k'® BIT/ETE hardware component N

: The above megthod was extracted from RADC-TR-78-169, Maintadnabllity Pre- .
! diction and Analysis Study. Other methods for determining MTTR,, ,p, can be |
%i found in MIL-HDBK-472 and RADC-TR-170-89, )

3.2,18 BIT/ETE Avallability AB/E)

BIT/ETE availability (Ag/g) is definod as a mensure of the degreo to
which the BIT /ETE circujtry is in the operable and committable state at the
start of u mission, when the mission is called for at an unknown (random)
point in time, AB JE °8n be represented by:

MTBF,, ;..
A - I 1Y) o
B/E MTB’FB K ¥ MT" ™
!
y
i
3
4
\ 1
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3.2,16 System Maintainability (MTTR)

System mg!nhlmbllit,y (MTTR) is defined as the average corrective mainte-
nance time for #ll systom/equipment faults. As with MTTRy, /10 MTTR onn be
reprosented soveral wiys. One way {8:

3 MM
wmrrR Lot €T

A
| =y
where: N is the number of componants in the system/equpment
Ai = fadlure rate of the ith component
MCT = prepair time for the lth component
i

3.2,17 System Avallubility (A)

" 8ystem Availability (A) i defined as a measure of the degree to which
a system (or equipmeént) {s in the operable and committable state at the start
of a mission, when the mission {8 called for nt an unknown (random) point in
time, "A" can be oxprossod the same way as A /e

MTRF
A = NTBF T MTTR

34
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. 8,8 CATEGORIZATION OF THE IDENTIFIED BIT/ETE FOMs
‘ The BIT/ETE FOMes defined in Section 3,2 were categorized according to
the BIT/ETE objective(s) (identified in Section 3.1) that they fulfill,

Categorization of the FOMs dofines how each identifled FOM characterizes
BIT/ETE and Ildl in determining what now FOMs may be needed, Categorization
of the FOMa was also used in Section 6,0 for determining which FOMs are inter-
relaind and for determining an appropriate set of FOMa that should be speoified
for a yiven application, Figure 8 indicates those BIT/ETE FOMs defined in Sec-
tion 8. % that are associated with each BIT/ETE objective. Some BIT/ETE FOMs .
appear under more than one BIT/ETE objactive slnce they can characterize more o
than one facet of BIT/ETE. Also, it should be noted that not all the FOMs asao- i
olated with any one BIT/ETE objectve can be used to precisely quantify the ob- !
jective or requireraent, These nurticular FOMs are elther qualitative measures
or Indirect quantitutive measures of the same objective, However, they oan still
be used tc impose requirements on tho assoclated BIT/ETE objectives,

L
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3.4 IDENTIFICATION OF NE\{B‘m’r/ETE FOMs REQUIRED

The purpose of this task was to identify any new BIT/ETE FOMs required to
fill in the volds in Figure 6 where a given BIT/ETE .objective i8 not covered by :
an existing FOM, Inspection of Figure 6 indicates that all the BIT/ETE objectives ) !
have an associated FOM(s), Whether these FOMs are good measures of the ob-
jective is unknown (this will be determined later on in Section 4), 4

One area that may require a now FOM is the BIT/ETE objective, Fault
Isolation Acourncy, The identified BIT/ETE FOM that quantifies this objeotive J
thg best is FIR(L)s However, FIR(1L) is more of an indication on how thorough
the BIT/ETE fault isolation function is rather than acouraoy. i

A possible new FOM may be the False Pull Rate (FPR) or the Fraotion of
False Pulls (FFP), PR (or FFP) is dofined asy ;

.. FPR~ The rato at which good Rls (i,e., Rls with no aotual tailure within it) .
'} are removed from & systom duo to the result of & BIT/ETE fault
isolation procosa,

or
FFP - The fraction of Ris removed from a systom, duo to the resuit of &

BIT/ETE fault isolation prooovas, that are good Ris (i,e., Rls with
\ no actual falluve within it), A

quantity of good Rle romoved__(QGm)
quantity of Ris romoved (QR};T—

FFpP =

The only problem associated with the we of FPR or FFP {2 that it is depend-
ent upon the maintenanve conoepts That is, a aystem with a certain amount of
BIT/ETFE may have two different values for FPR (or FFP) given two different
maintenance ooncepts, For example, assume a system with an avermage fault
isolation resolution (i.e., average BIT/ETE fault isolation group size, '5) of
three Ris, If tho systom's muintenance ooncept is "RI group replacenent," then
tho FPR would be two out of every three Ris or 0.87 for FFP (1.e,, on the aver-
age two good RIs are removed for every bad one), On the other hand, if the
maintenance concopt 18 Mterative Rl replacement! (l.e., remove/replace Ris
one at & thine until the fault 18 corrected), then the FPR would be one out of two
on the average (1, 6., avorage number of fterutions required to correct the fault
ia two) o 0,80 for FFP. It should be noted here that FIR(L) and FFP aro very

\
;
i
[
}
|
,
i

39

A LR PR N . e e et g e b L TSN .~.} s " vy Y
PR ]

C Stk b



r
: ‘

simildr. As a matter of fact, FFP can be derived exactly through FIR(L), For
eample, for any given set of FIR(L,) (e.g., 0,80 = 1 RI, 0.85 = 3 RIs, and
1.0 =< 10 Ris), an average [ault isolation group size can be determined, 8 (l.e,,
§ 18 the average RI group size that a fault can be isolated to), Depending upon
the malitenance conoept, FFP oan casily be determined by:

if the mainten&noeboonoépt was Rl group replacement, | 7
FFP = 5-\5‘-‘- : . L

if the maintenance conoept was iterative RI replacoment, :

S+,

. 2 §-1

FFP =i " ¥+T

g "T"

'rhun. for the rema.lnder of this report, FPR & FFP will bo oxcluded sinoe
l | they can be derived from FIR (L.

One other possible now BIT/ETE FOM is.the orroneous fault isolation rate
& (EFIR), or the fraction of exroneous fault tnola.tion results (FEFD. EFIR and
* - FEFI are dofined as:

EFIR - The rate at which a BIT/ ETE fault imolation process results in
identifying the wxong RI (i. e,, fault isolation process results in a
suspe’ t group of Ris, but when the Rls are roplaced, the fault still
existe) onoe a fault has been deteoted,

FEFI = The fraction of BIT/ETE fault isolntion results that identify the
wrong RI onoc a fault has been dotooted,

quantity of erroneous fault isolation results, (QEF.m)
quantity of fault isolation results,

- — A
FER! Qprg) .

EFIR and FEFI may be good cholces of BIT/ETE FOMs to mensure the ap-
: ouracy of BIT/ETE fault isolation since they essentially measure how well the
| ~ BIT/ETE fault isolation function has been documented (1. e., the number or rate
- of erroneous fault isolation results is largely dependent upon how well the BIT/
ETE is dooumented {n maintenance manuals and the software)., Note that the ]
g softwaro or the maintonance manuals uaed to proaent fault lsclation results is !
i
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also a part of the BIT/ETE, sinco & BIT/ETE function that ia capable of isolating
faults to a single RI I8 of nv good if the results cannot be prescnted to the usor
vorreotly. |

For the romainder of this roport onw FEFI (the fmctton of erroneous fault
isolation rauults) will be uddreased. nlnce EFIR is nimihr.
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40 BIT/ETE FOM EVALUATION
The' dbjective of this task was to evaluate the auitabllity of the FOMs defined
in the preoceding seotion as deaign apeocifioations,
- The approach used to evnluntq the FOMs -ummuw was a walcmed loorum
.‘teohntque. “Thesteps lnvolved ln the. appmoh ware; o
1) . autubluh an: ewlmton ortmta '
'8) " soote ench FOM accoxding to the entablished evaluation orlteria
v"a)' determing the. loorel for each FOM by a welghted acoping sum,

. ment oNho nbove tasks,
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4,1 EVALUATION CRITERIA

The factors used to determine the suitabllity of a BIT/ETE FOM for use as
possible deaign specifications are: 1) ambiguity, 2) transiatability, 3) trackabil-
ity, 4) demonstratability, 5) applicabllity, and 6) uniquencss, A FOM must be
unambiguous to establigh a common basaline of what the FOM represents, A
FOM must be translatable. go the de-!sh enginver oan interpret the specifiontions
Into tomilnolory and quantitative raqulr,enian_ts familiar to him. It must also be
trackable 80 it can be evaluated during the various stages of a system's develop=
ment to determine how, much BIT/ETE bus been designed: into a aystem and how
effective it iss A FOM must be demonstratable so the BIT/ETE oan.bo evaluated
to see if the requirements have been met, A FOM should be applicable to all
system types in order to reduce the quantity of unique FOMe used, Fimnlly, a
FOM should characterire as many of the BIT/ETE characteristion as possible,
(n order to minim{iea the amount of BIT/ETE FOMs required for a single
apécification, _

The six sultabllity factors montioried In the previous paragraph woro used
as the scoring factors in ihe ovaluation process. Tho preciso dofinitions of énoh
guitability factor wore: :

1) ambiguity ~ This scoring factor was used to determine how dofinitive

o FOM is. That {s, oan o FOM be intorpreted into its true definition
without any diffloulty, or oan the definition be interpreted more than one
way. The more deflnitive a FOM ls, the higher it soored,

2) translatability - This scoring factor was used to determine how good a
FOM is to the englneer as n design tool, In other words, oan the
enginver take the speoified FOM and translate it into paramoeters that
oan be used in his design effort., The more usoful & FOM is to tho
designer, the higher it scored,

3) trnoknbmtx = This scoring factor was used to monasure a FOM'a stability
to be quantified and evaluated during a system's various phases (¢, g,
oohceptual, dosign, development, ...\, The casler it waa to quantify a
FOM during these various phases, the highor it scored,
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4)

5)

6)

demonstratability ~ This scoring factor mensures a FOM's ability to be
quantitatively verified. This pertains to either formal demonstration,
informal demonstration, or field vsage., The easier It wais to quantify
a FOM vin teating, ‘the hlghor' It moored, " ‘

applicability - This sooring factor was. used to determine u FOM's
usefulness towards various system types. The more aystem types a
'FOM was applidable to, the higher it scored,

uniqueneas —'This sooring factor was used to measure the overall
‘effectiveness of speoifying a FOM. That is, the more BIT/ETE objeo-

“tives (fault detection and fault isolatlon were separated) a FOM char-

acterized, the higher it scored.

Onoe the scoring factors were detérmined, weights werce assigned to them
aocording to thelr importance in BIT/ETE FOM speoification, The scoring
weights nssigned to each factor are summarizoed in Table 18 below,

The
1)

2)

3)

TABLE 13, SCORING FACTOR WEIGHTS

Suitability Faoctor Weight
Ambiguity : 12
Translatability 17
Trackability 20
Demonatratability 18
Applioability 8
Uniqueness 26

ratlonale for seleoting the weights was as follows;
Uniqueness - if a FOM did not characterize BIT/ETE (i.¢., the BIT/
ETE performance capabilities), it waa of little use, thus uniqueness
was oconsidered the most important faotor. (The goal was to find a
minimum set of FOMas. )

Translatability, truckability, and demonstratabllity were nasigned
relatively the same weight, A FOM must be capable of being translated
Into design parameters, followed (tracked) through the various design/
development stages, and verifled through testing.

Finally, ambiguity and applicabllity were given the smallest welghts
alnoo these two factors were not nocosaities, (l.e., It would be nico

to have a T'OM that was not ambiguous and war applicnble to all system
types, but a FOM ocould still be useful without theae characteristios,)
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With the evaluation oriteria mentioned previously, it was posaible to evaluate
the FOMs using the following model;

< o e S A

F T B QWIW“OMIO{Q‘N‘I & .w‘sl
o : Im1

W, » scoring weight of the ™ factor

By ».800re assigned to the 1M factor. . .

. - | = sooring factor (ambiguity, translatability,..)
" ‘The vesults of the ovaluation process are summarized in the next section.
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4.2 BIT/ETE EVALUATION RESULTS
Prior to evaluating the BIT/ETE FOMs, Lhey were broken up into the
major categories identified in Section 3, The categories in which they were -
grouped were: 1) BIT'/ETE FOMa that characterize the BIT /ETE fault detec-
tion capabilities, 2) BIT/ETE FOMs that characterize the BIT/ETE fault isola-
‘tion capabilities, and 3) BIT/ETE FOMs that characterize the operational
characteristics of BIT/ETE. This was done to avoid the comparison of FOM
types that wore not applicable to the same FOM characteristic (1. e., the unique~-
ness suitability factor was scored for either fault detection capability or fault
isolation capability, but not both), FOMs that measured BIT/ETE operational
f characteristics were scored on the basis of the first five suitability factors
: alone, since uniqueness iz not applicable to these FOMs (thes¢ FOMs wore
| - scored sero for this factor).

Table 14 {8 a summary of the ~valuation results. A majority of the BIT/
ETE FOMs scored as expected, but thero were a few surprses., Fraction of
False Alarms (FFA) and Fraction of false Status Indications (FFSI) were ox-
pected to score high but actuully scored very low., This was largely due to
their inability to be translated, tracked and demonatrated with relative easo,
The new FOM identiflad, Fraction of Erroneous Faull Results (FEF1) also
\ noored low for the wamo rensons.

The BIT/ETE FOMu that scored well were RMA 'OMa that are currently
" specified (A and MTTR). Fraction of Faults Detected (FFD) and Fault 1so-
1 lation Resolution (FIR(L)) also scored relatively high as expeocted.

The results of the BIT/ETE FOM evaluation provide the basis for See-
tion 6, the FOM guidelines section, in determining which ¥OMs should be
specified over others, The overall objective was to determine which FOMs
were the beast to specify. However, this can not automatically rule out FOMs
that soored low (i.e., FFA, FFSI, ...) in the evaluntion procesa aince the
FOMs that are actually selected are also dependent upon the BIT/ETE objec-
tives that are dosired.
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TABLE 14, SUMMARY OF BIT/ETE FOM EVALUATION SCORES !

[ Suitability Factors
) &
Q @ '\@ ', 73.‘
& j« o > ® : X
N 7 f gy / o
58/ 7¥ ¢4 j
IR VA Av‘ﬁ e/ 8¢
FOMs s|swls|sw|s|sw|s|sw]|s[sw]a]sw|zEw) i
Fault Detectlion Capability (5
1. FFD 8| 96 |D|183 (o180 |4] 72 [0 | 7216|150 | 728 !
2, F 4| 48 |8|136 |8 |100 |8|144 [0 | 72 |4|100 | 660 .
s, R 8| 60 [9[183 |9 |180 |2]| 36 |9 | 72 [5|125 | 626 ,
4. T 3| 86 |7{110 |[8(160 |[8{144 (0| 72 |3]| 75| 606
5. Thp 5] 60 [7]|110 |8]160 [2] 86 |9 | 72 [8|126 | &2 A
6, FF8I B 60 (4] 68 |3| 60 (85| 00 [0 72 |6]|180 | 800 ;
7. FFA 5[ 6o (8| 51 |1| 20 (3| 64 |0 72 2] 80| s07
Fault Isolation Capability
1. MTTR B| 96 (8136 |8 [160 [0[162 [0 72 |a|180 | 776
2. A 7| 84 (8136 |8 (100 [9[182 (9| 72 [ 4100 [ 714
3. FIR(L) p[108 [6]| 88 {7 [140 [6[108 [0 | 72 |7{1786 | 688
4, FFI 7| 84 (5] 85 |7 (140 |6{108 [0 72 |6]|150 | 630 ,
8. TT B| 60 (9183 {6 [180 (2| 36 [0 72 |5|128 [ 626 X
6. 'rk 8| 60 |6]102 |5]100 [8|144 |9 | 72 |5]225 | @08
7. FEb 672 3] 61|2| 40 || 00 (0| 724|100 | 428
8. MPSL thag i 1m|1] 20 |s] sd|e] 72{1| 28| 200
BIT/ETE Characteristios*
1. MTBFp /g 7184|0168 |9 (180 (9162 |9 72 (0| - 651
2, MTTRg )y 8| 96 |8]136 8160 {162 [0 | 72 |0| - | o28 ‘
8, Am/E 7| 84 [8]180 |8 [160 {9[162 |90 | 72 |0| - | 614 y
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8.0 BIT/ETE FOM VERIFICATION TECHNIQUES
}. A= stated previously in the Bvaluation Section (Seotion 4), two of the most
- . - important aspects of BIT/KTE FOMs, are.a FOM'a ability to be analyzed
‘ ' - and demonstrated. This section presents the models and techniques that have
beén dcvelopud (or: oxlttlng techniques) to dnalyse and demonstrate BIT/ETE FOMs, :
- The Nmnlndtr of this seation dllcunel the toohnlquu developed and how to im- \
i plomont thom. |
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5.1 BIT/ETE FOM ANALYSIS TECHNIQUES
It is evident that in order to have a high confidence in the amount of BIT/ETR

that has been desighed into a system, a rigorous and detailed analysix must be per-
formed. It has been determined that a majority of the BIT/ETE FOMs identified
in SBectlon 3 can be analyred using either existing RMA FOM nnalysls meth~
odologles or similar techniques. The analysis techniques developed (or existing)
tan be divided into three distinet groups:

1) rate (e.g. failure rate) dependent techniques

2) timne dependent techniques

3) rate and time dependent techniques.

Table 15 summarizes the FOMs assoclated with each technique, The rate de-
pendent technique applies to FOMs whose numeri¢s can be determined solely by
the ratio of rate of occourrences of somoe event(s) (6.&., failure rate tested divided
by the total failure rate of a system can be used to expross test thoroughness),
FOMs that pertain to time dependent analysis techniques are FOMs that are strietly
measured or determined through time synthesis (i,¢., standard elemental mainte-
nance time tables). Finally, the FOMs that are determined by a combination of
the two previous teshniques rre FOMs that are measured through time synthests,
but are averaged by a rate of occurrence welghting.

Availability (A and Ag /E)' BIT/ETE Rellability (MTBF /E)' and Maintenance
Personnel Skill Level (MPSL) are not included in Table 15, Availability and BIT/ETH
Reliability can be analyzed using classical techniques and their definitions presonted
in Section 3.2, Due to the uniqueness of MPSL, it is discussed separately in Section
1.4, The analysis techniques applicable to each FOM are discussed in the follow-

ing subsections,

TABLE 15. ANALYSIS TECHNIQUES AND THE BIT/ETE FOMs
APPLICABLE TO THEM

Rate Dependent Time Dependent Rate/Time Dependent
FQMs FOMs FOMg

T 0

FFD Tg ‘l‘::)

FPA Fa MTTRy, .

FFSI V/K
MTTR

™

PIR(L)

PRl

FEF1 _
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5.1.1  Rate Dependent Analysis Techniques

From the FOM definitions of Section 3.3, it is evident that Fractional Fauits
Detacted (FFD), Fraction of False Alarms (FFA), Fraction of False Status Indications
(FFSI), Teat Thoroughness (T'T), Fault lsolation Resolution (FIR(L)), Fraction of

~ Paulis Isclated (FFD, and Fraction of Evroneous Fault Isolation Results (FEFI) can

be expressed as ratios. Typloully the events being described are fallures and the
rate of ocourrence s expressed as the fallure rate. In the case of FFA and FFSI
the occurrence rate includes items other than failures; however, for simplisity the
following discussion will addross only fallure rate. Details on how the other rates
(a.g. fulze alarm) are included in the analysis are described in the appropriate
subsootions,

Formulation of oach respective ratio is accomplished by determining the fail-
ure rate associated with tho numerator of the respective FOM definition (refer to
Section 3.2) and dividing it by the failure rate associated with the denominator of
the FOM,

Tho general form for analyzing BIT/KTE FOMa oxpressed as rutios is:

*n. «  failure rate of the lmoomponont associated with the numerator of
the defined FOM

"dl - failure rate of tho
of the defined FOM

N_. = rumber of components in the system

l"‘ componant associated with the donominator

The fallure rato associated with the numerator und denominator of caeh ratio
can be determined by summing up the associated fallure rates. Sumvimation ¢ the
failure rates is dependent upon the level of analysis. FOM analysos can be por-
formed at any desirod indenture level (e.g., component failure mode level, com-
ponent level, funotional level, unit level). 1t In clear that the most accurate results
will be obtained for the analysis performed with the most dotail (1.e. component
failure moda lavel), For simplicity, the model presented i for tho component

by
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level analysis. The models for the other levels can easily be obtained by slight modi-
fications. Table 16 summarizes the various forms of the models thut can be used 4
for analyzing FOMs expressed as ratics, For the remainder of this report, only

the models fof the cemponent level analysis will be presented,

' The moat diffionit part of analyzing FOMs expressed as ratios is the deter-
mination of the corresponding numerator and denominator failure ratea. AN FMEA
(fallure modes and offeots analysta), along with the BIT/ETE teat philosophy, can
be used to facilitate the identification of these failure rates. The depth of the FMEA
ia dependent upon the analysis level selected. The following subsections diacuss
the application of the models developed to express FOMs aa a ratlo of fallure ratea
for the assoociated FOMas.
5.1.1.1 Method of Analysis for Fraction of Faults Detactec (FFD)

As stated in Seotign 3.2.2, FFD can be expressed two different ways; therefore,
two models are pruonted here for the analysis of FFD, The models developed for
FFD aret )

s For FFD,, (all faults):

| :
} Aoy
; FFD, = L3I
i A No
{
i ' 2 A
. {'=1
] e For FFD,, (detected faults only):
‘ f N
: ‘gi k Dl !
FFDD ® N "
(A= M)
iz,:ol 1™ " up,
!
p !
'»\
\
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TABLE 16, SUMMARY OF THE OCCURRENCE RATE RATIO MCDEL FORMS*

Analysis Level Model Parameters
Unit (or RI1) Nx Np - number of RIs in the system
Level T A, |Aq - Failure rate of the ¥ unit (or RI) associ-
ratlo = 431...1 | J ated with the denomti'r:ator of the FOM
Ng A, = Failure rate of the j™" unit (or RI) assooi-
T A j ated with the numerator of the FOM
j=1 dj *Normally & dj 2 "nj)
Funetional Ny Np= numbor of functions contained in the
Lovel B Ay syatom
\' ratlo & L‘...l..-.!.‘. - Fallure rate of the kth funotion assooi-
l N ated with the denominator of the FOM
o ae | Ay = Failure rate of the k'™ tunotion assosl-
k=1 dr | ™ ated with the numeratdr of the FOM
*Normally (J\dka knk)
Component N N, = number of components sontained in the
Level 0 N gystom
z I Ag - Failuro rate of the lth component associ-
ratio = L2hocco "% gted with the denominator of the FOM
No Ap, " Failure rate of the l"‘ component assoei-
T Mgy i ated with the numerator of the FOM
l=1 *Normnall >
yA, = A )
dl n
Component N N N, - number of fallure modes assoolated with
:;:g\;re 20 zlm the 1t component
Level ratio = 1=1 5]"1“_!‘3 X1 - Fallure n]mdo of the qthh fadlure mode
N N %q of the ith componont resoddated with
o x‘ tho denominator of the FOM,
jul q,,{‘dlq iy q—lﬁdlure eate of the qth fallure mode

of tho ith component nssoddated with
tho numorator of tho FOM,

NOTKE: For simplicity the rates are expressed as fallure rate,
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- The fallure rate of the ith component
A p, - The failuro rato of the ith component that is detected by BIT/ETE
i

kDi $A; foralli

AUD - The failure rate of the ith coniponent that oan be detected by any means
i AD, *Ayp.) =A; for all i
Dl UD[ i or o

N, =  The number of components in the system/equipment.

Analysis of FFD requires a thorough understanding (down to the level of the
analysis) of how the BIT/ETE will function and what the BIT/ETE can test. In
vonjunction with an FMEA, it can be determined whether the BIT/ETE can test
and detect the various failure modes that will occur, The failure rate of any fail-
ute mode that can be tested and detacted by BIT/ETE will comprise the numerator
portion of the FED fallure rate ratio.

As mentioned previously, the level at which the analysis is performed will
affect the accuracy of the analysis results, Undetected fallures primarily occur
at the component failuce mode level, thus in order to analyze them accurately the
analysis level should be at the failure mode level, For FFD, it {s recommended that
the analysis be performed at the component level or the compenent fallure mode
level in order to obtaln acourate results,
8.1.1.2 Method of Analysis for Fraction of False Alarms (FFA)

Analysis of FFA for a systom {8 a vory difficult task (as wasindicatedby it
avaluation score of Section d4). As notod earlier, three of the major causes of
falge alarms aror 1) BIT/ETE failures, 2) transionts (noise), and 3) out-ot=
tolorance conditions, The difficulties that axist are in the analysis of false alurm
conditions caused by transionts (holse) and out=of=tolorance conditions,

In order to analyze transients, an analysis not common with current RMA
analysis techniques must be performed, Analysis of transients consists of analyz-
ing the system's performance (analytically) when transients are siinulated at various
points in the system and at the systems interfaces. This can be done with relative
ease by the use of computer aided circuit analysis techniques., However, the
problem arises in defining the seconario of transients to be analyzed (i.c., what are

the expected transient conditions in terms of frequeney, magnitude, duration,
otc..),
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Analysis of out-of-tolerance conditioin. rsquires an analysis similar to a worst
case analysis, Computer alded oiroult analysis techniques usually provide for worst
case analysis. However, these programs usually analyze an output signal when
all the components are at thelr maximum or minimum specified value. In order
to perform out-of-tolerance analyses of this type, slight modifications must be
made to the current computer aided eirouit analysis programs available. These
modifications consist of providing the computer program the capability to analyze
circuits when a single component is out-of-tolarance or any combination of comn-
ponents taken together are out-of-tolerance. It should be noted here that out-of-
tolerance conditions that result in false alarms are usually a sign of poor design,
If out-of-tolerance conditions are analyzed using the method presented, then poor
tolerance specifications will probably be weeded out before the system is fabri-
cated, Thus, the use of out-of-tolerance analysis techniques will provide feedback
to correct problems before they can occur. In the event that a computerized elr-
cult analysis program is not available, the ahove analysis would be next to impos-
sible except for a very simple equipme {.

The praviously mentioned analyses (transient and out-of-tolerance) are fine
for determining which components promote false alarms, but the methods presented
cannot aid the engineer in determining when or at what rate these false alarm
concitions will ocour. In order to do this, methods must be derived to determine
the drift charaoteristics (and probabilities of) and the noise immunity character-
isties (and probabilities of) of system components as well as transients caused by
external sources, For this study no attempt has been made to determine these
methods, For the time being, engineering judgment must be used until methods
can be developed.

The analysis of FFA is dependent upcn the system teliability philosophy

(i.v.,are BIT/ETE failures also considered system failures). If BIT/ETE failures

rROg8 SRR R L T TP S

are considered system failures, then FFA oan be analyzed by: i
)
FFA, = §.t.X E
N !
¢ H
A ‘
> Dy + 8 + ¥ i
=1 !
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?’ Ap, - The BIT/ETE detectable failure rate of the it component
( (see 5.1,1.1)
I, 6 =~ the rate at which out-of-tolerance conditions will oceur
%g, y =~  the rate at which transients occur
:; N ¢ " number of components in the system
1\ ; If BIT/ETE failures are independent of system failures, then FFA ecan be
: analyzed by the following model:
N .
) {_a:c ABF, +6 +y ..
M
FFA, = 21
N N
¢ C A R
> Mo+ ZB BF + 6+ Y
i=1 i j =1 j
B where:
i , Nges -  the number of BIT/ETE dedicated components
\

] BFy - failure rate of the jth BIT/ETE component that results
l‘ Ina false alarm

| NO'TE: For t'ie two models presented, the number of system coinponents,
N is not equal since N | for the second model does not include
BIT/ETE dedicated components.
(i.e., N, for model 1 is equal to N, + Npg of model 2)
6.1,1,3 Mothod of Analysis for Fraotion of Falso Status Indioations (FFSD
Since FFSI also includes FFA, the methods used to determine falso alarms

(Section 5.1.1.2) also apply when determining FFSL. ‘The model for analyzing FFS]
ist

\ 3

) |
el Mipy 4§+ y i
FESI = - :
h ¢
g }
E (,\Di 4+ "Ul)i) + 8+ y :
=1
wheret
A‘UD - is the failure rate of the ith component that cannet be

l detected by any means.
NOTE: (A, + Ayppy ) = A, foralld
Y, Ao T A
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Note that the modol presented is for the enso whare BI'T/ETE frilures are
considered systom failures (analogous to FFA] in 6,1,1.2). If BITAITE tajlures

are {ndependent aystem failures, then the summautions of A, .., are included in the

BIYy
numerator and denominator, and the sumniations of ADi and AUD; are modified to

exclude BIT/ETE componenta,

5.1.1.4 Method of Analysis for Test Thoroughness (TT)
As noted before, there are several ways to analyze the FOM TI, Using a

ratio of failure rates Is the most effective measure, The model for analyzing TT
Iss

Nc
)‘Ti
™ = !.._‘:_.1.._...-—_..
)
A
<
wherot

N 6o~ number of compononts in tho systom

A‘ = failvro rato of the ith componont

’\'1“ - t‘uilugp rato of tho {th component that 1s "teated" by BITAYTE,
(g 3 A for all 1)

‘The actual usefulness of the TT FOM ls largely dependent upon the level of
analysis (as was true with FFD). The above model presents TT for the component
analysis level, one of the more detalled analysis levels, The analysis of T'T' can be
performed at higher levels, such as the functional level and the equipment level,
Howaver, the acouracy of the FOM goos down as the analysis level gets higher.
This i3 due to the assumptions made when a funotion is considerad tested, That s,
when a function is classified as "tested" by BIT/ETE, the assumption made is that
the entire function (i.e., all components, thus the entire failure rate) is tested.
Using these agssumptions will give inacouracies in the measure of TT,

The numerator of the model for TT consists of the failure rate “tested" by
BIT/ETB. Thetre is a great deal of uncertainty as to what "tested" means. The

definition of tested is dependent upon the level that the analysis is performed on.
The most general definition for tested is:

"Tested" - The portion of the equipment that is monitored by BIT/ETE.
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,. If the analysis is performed on the component failure mode level, then it is ;;_'-
Q safe to say that the failure rate of the components tested (or monitored) is also :
' the failure rate of the faults detectable by BIT/ETE, However, for any higher }
E ,' ?i level of analysis, the fallure rate tested is merely the failure rate of the functions N
3 or equipments that are monitored by BIT/ETE. .
S TT can also be measured without using failure vates. Instead of using fallure ;
. l' rate, TT can be measured as & ratio of something other than fallure rate such as
o ) the number signals tested relative to the total number of signals. This method, }
S and methods slinilar to it, (i.e., number of functions tested, number of units tested, "
eta...) is by far the most inaccurate measure since it does not account for the
relative frequency of failure occurrences. K
' 5.1.1.5 Analysis Method for Fault lsolation Resolution (FIR(L))
f-i. Analysis of FIR(L) can also be accomplished by using a ratio of fallure rates.
: ‘ For this case, there will be & set of ratios used due to the way FIR(L) is defined.
’ Thus given FIR(L) expressed ast
FIR(L,) = P,
FIR(LZ) = P2
FIR(L,) = Py
. where P1 <Py < Pa % 1
then the model tor analyzing FIR(Ly) is:
¥, N
) R
5 K, |
- FIR (Ly) 18y 424 |
S NR
” zv j a2l for k = 1’ 2, 3
gf where: NR- the number of Rls in the system
- ALK, - tallure rate of the J' RI assoclated with the L fault 3
b i isolation resolution level “‘
' '.l' ; ‘ﬁ
¥ - for all bl
k‘ Aj - tailure rate of the jth Rl §
b3 AUDI - failure rate of the {*® RI that is undetectable by any means g
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In oxder to determine the values for the above model, thorough knowledge
of the BI\'/ETE fault isolation teat philosophy is required. Not only does this
require information on the BIT/ETE test capabilities and the test olrouitry, it
also requires a thorough understanding on how the tests are documented (e. g, ,
software documeniation and maintenance manuals documontation), since FIR(L)
is normally dependent upon human intersction,
5.1,1.6 Analysis Mothod for Fraction of Faults Isolated (FFI)

As rioted In Sectlon 3, 2,10 F'FI Is goeater than or equal to FIR(Lk), where Ly
is for the maximum specified fault isolation group size. ‘That s

FFI = FIR(L) |

whorot .
Lk » maximum spocified fault izolation group aize

FI'T can be expressod asy

Ne
&N
=)
FR[ = e
T
i=1
where

Ng = number of components
Af = failure rato of tho ith componont
Ay = failure rate of ith component that ia tsolated by BIT/ETH

Determination of the fhilure rate associated with the nunorator nnd denomi-
nator of FFI requires the sume information as i8 required for FIR(L) (refor to
Section §.1.1,8), However, for FFI knowledgo of tho fault tsolation group sizos
(1. e, , fault isolation ambigulty) is not necessary.
8.1.1.7 Analysis Method for Fraction of Erroroous Fault Isolation Rosults (FEFI

FEFI was defined as tho fraction of orvoncous fuult isolation results, Be-
cause of the dofinition, FEFI cunnot be analyzed until tho cystem or equipment
is operable or the BIT/ETE fault isolation function {8 operables Thus, FEFL
can only be determined through testing,

The major reason for the inability to analyze FEFI is due to the philosophy
of hardwaro design, Tho fault isolution test routinos ave usually written assum-
ing that they ace correct, Thus, it ia not possible to determine whether a fault
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7:?';' r isolation result is erroneous until actusl testing is performed on it, However,
¢ 8 there is one possibility of analyxing FEFI before tosting, If the test routines %
aro thoroughly defined, then with the aid of an FMEA, the effect due to a single ‘
:. failure can b analyred and erroncous fault isolation results may be flagged out !
2 ‘ before they ocour. This is a very tedious task and it is unlikely that a task of
‘S this type will be performed.
(R 5.1.2 Time Dependent FOMs
SR Fp and Ty, are BIT/ETE FOMs that are dependont on timo only, Thus, the

analysia of these FOMs requires only a time line analysis. Time line analysis

consists of the measurement of 4 sequenoo of events using one of thoe following

mothods of muasurement: |

1, aoctual timo measurementsa (1,¢., time study)
2, tabloes of standard olemental timoa

P 3. ongineoring judgment (or ahalysis)

' Time line analysis using aotual time moasuroments consists of monsuring
(with u stopwatch or something similar) how long it takes to perform a sequonce

4 : of events, Time line analysia using standurd clomental time consists of revon-

o struoting a sequence of events using standard timos (e, g, MIL-HDBK-472,
RADC=TR-70-89, or RADC-TR~78-109) for the various actions that comprise

) the sequenoe of ovonts, The final mothod for measuring the time required to

' porform a sequence of evonts 1s to use engincoring judgmont or analysis to

,f‘ analytically dotormine how long it takes to porform the tasks,

N To perform & time line analysis, the following ateps are required:

: 1. identification of the soguonce of ovents that are to be measured

2, detormination of the time required to perform cnch unique stop

. using one of the throe mothods prosented

. 3. determination of tho timo to perform tho identified sequonoe of events

g Identification of the sequence of evonts that are to be moasured {8 tho most

&. important stop, If thn propor actions required are not tdontificd corrootly,

¥ then tho timo line analysis is invalid,

E«* The following subsocctions digsouss tho application of the time line annlysis

yl

technique for tho assootated FOMs.
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B.1,2.1 Analysis Method for Froquency of BIT/ETE Exocutions (FB)

Since most periodic BIT/ETE test routines are normally computer con-
trolled, FB oan be dotermined with respeot to the clock rate of the computer
CPU (Central Prooessing Unit), that controls the test,

As noted in the definition of FB‘ FB fs defined as:

MIN (FB‘) or MAX (Toyolo‘) for all {

where:
Fy - oyoling rate of the 1™ continuous BIT/ETE test routine

T

i
- tho oycling timo (= Fy ~1) of the 1™ continuous BIT/KTE tost
routino i
Maoasuremont of cach oyclo timoe, 1

oycle

oyol °l' ocun bo detormined annlytionlly by:

'1‘ .. {tho numbor of CPU clock oyules between starts of the 1th BI'T/KTE test routino)
(chle1 h (CPU clook rate)

ith

Thus, the freguenocy of oxocution of the BIT/ETYE tost routine is;

-1

Fnl [ (T )

csycxlo.\i
5.1,2.2 Analysis Method for Mean BIT/ETE Ruhning Time (Tg)

An statod In the definition of TB {Svotlon 8.2.6), there are sevoral dofini-
tions for TB' Once tho definition of TB has been dotermined (f.v., for what

tosts, with or without a fault, ete...) anulysis of the mean BIT/ETE running
time is accomplished by using the following model;

N
Tp ™ =%
B
whoro:
Np - tho number of BIT/ETE test routines included in Ty

T., - the running time for the lth BIT/ETE test routine

B,
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TB is determined by the following:
1

o« (Dumber of instruction steps_cycled by the o BIT/ETE tost routing)
B, (computer instruction cycling rate)

The number of instruction steps cycled is dependent upon the definition of
Ty For example, if Ty were defined for "with a fault found" and the BIT/ETE
teat routines were organized such that the test '"loops on an error' until a cer-
tain threshold lovel hus been obtained, thon cach Ty, must account for the relt-
eration of the test stepa that are in tho loop,

5,1,8 Failure Rate and Time Dependent FOMa

FOMs that are failure rato and time dopondent (i, o,, TFD’ TFI’ MTTR,
M'I"I‘RB /E) are normally FOMs whose time average 18 dopendent upon the rate
of ocourrence (i, ., fatlure rate). These FOMs oan be analyzed using current
annlysis teohniques similar to MIL~-HDBK=-472, prooedure 2 und RADC-TR-78~
169, a failure rate welghted avorage of times,

As was true for the failure rate dependent FOMs (Section 6. 1. 1) these FOMs
van also be analyzod at various levels (.o, cquipmont, unit, component, oto.).
The general model for analyzing FOMs of thig type ia vory similar to the
models of 'able 16. With slight modifiontion of tho modoels inh Scotion 6.1, 1,
tho gonoral model for a componont lovel analysis oan be oxprossed as:

Ng "
a ;\‘ X (t‘. tho time for tho 1™ component)

average time =

Ne

)P

f=l
where:
t; - is the time to porform the action defined by the FOM for the i‘h
component. (t{ 1s determined by time Uno analysis)
x,- failure rate of the lth conponent '

The swne philosophy holds true for fajlure rate and time dopondent FOMs
a8 did for the failure rate dependent FOMa, The accuracy of the anslysis is
dependent upon the level at which the analysis is porformed,

()




Straight methods for determining MTTR and MT’I‘RB /13 Sre readily avail-
able (e.g+, MIL-HDBK-472 and RADC-TR-78-1¢9) and require no further
discussion here. These samo techniques are also applioable to TFD and TFI
differing only in the representation of the aynthealred time, t,s For Meuan
Fault Deteotion Time, T eich t represents the time necossury to deteot
and indicate & fault in the Bh componont. For the Moan Fault lsolation Time,
TF[' t! reprea&nta the time necessary to pexform the fault laolauon procesas for
a fault in the i~ component.,

‘'he subdivision of the failure rate for the numemtor and denominator of the
defined TOM is done the samo way it is done for the failure rate dopendent FOMs
(refer to Section 5. 1.1).

5.1.4 Analysis Method for Maintenanoe Persunnel Skill Level (MPS1)

Analysin of MPSL 18 dependent upon the way it has been defined, As noted
in Section 3.2.12, MPSIL: can be dofined as an averuge or a minimum. In moat
oages, it is defined as o minimum sinow {t will usunlly denote the akill level that
will maintain the system, Analysiz methods for both definitions are pro-
sented here,

3 If MPSL s defined a8 the minimum skill level requived to maintin a aystem,
: thon the following modol holds truce,

! MPSL *» MIN (MPSLy) for all i

h- whero

MI’SLl = the skill level required to porform maintonance for the im failure

Normally if MPSL ig dofined a8 a2 mininam, it will also have a threshold
lovel specifiod with it (0. gy ¢ percent of all fanlts will be maintadnable by o
apuvified skill level), M this I8 true, then MPSE can be analyzed as follows:

Ne

A
E:l 8Ly
N

EA

jml
whorot

X 100 = ¢*

~ failure rate of the im componont that {8 wmnintainable by a skill level

less than ns equal to the apeetfied minimum

A
M‘l

*in ordoer to satigfy the requirements impored this relationship must be true,
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If MPSL is defined as the average skill level roquired to perform mainte-
nance, then MPSL can be represented by:

NC _ i
! RN (MPBL)
" (' i-l .
: MPSL = Nf
A
) = 1
i ' Note that MPSL muat be of saome linear form (e.g., 1 to 8).
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6,2 FORMAL DEMONS’I‘RATIéN OF FOMS

One way to nssess the degree to which certain FOM requirements have been
met is through a formal domonstration test. Such a test is usually of a statisti-
cal nature, i.e., certain random quantitios containing information about tho true
value of the FOM under c‘onatdemtkm are obgerved and ovaluated (for example,
total number of failures ih u given tost time for n relinbility domonstration toat).

Formal demonstration tests alrondy exist for the FOMs MTBFy /.
MTTRB /B and MTTR, and are desoribod in military atandards (MIL-STD-471
and MIL-8TD-781), Theae standards also upply to A and AB /. indiroctly, Fore
mal demonstration tosts for ¥¥D, FFI, FEFI, and FIR are described in Seotions
6s 2.1 and 5,2.2 Tho remaining FOMs (1.0., FFA, FFS8}, TFD’ TB' FB' TFI'
and MPSL) do not lond thomsolvoes to statistienl domonstration procodures ad
must be nasessod using annlyticnl mewns or on the basis of fiold data (for n dis-
oussion of those concopts, see Sootion B, §). _
5. 2,1 Demonstration of Certuin FOMs Expresaocd ag Fraotions
5,2,1,1 Muathomaticnl Digcussion

It is clear from tho analytical dofinitions of FFD, FFI and FEFI that those
FOMs may be intorpretod as probabilities thut cortain oventa occurs 1t g, thus,
appropriate to develop demonstration tost plang for those FOMs based on the
binomial distribution. Statistionl demonstration tosts bur d on the bhinowmidal
distribution will bo devoloped in this scotion, Tho applicability of theae methods
to spedific FOMs (FFD, FFI, and FEFI) will be discussed and illustrated with
examples in the next four sections,

Denote by Sn a random varfable (nlso reforred to as a tost stattatic) which
has a binomial distribution with parvameters n (n positive integoer) and p (tho
probability of "sucocss'), That is,

p{sn ki (et a-ptk (6.2, 1,1,1)

fork ~ 0, 1, +.., 0. For fixed n, the provodure for teating the simple hypotheais
(Ho) P P, aganinat the simple alternative (lll) PP Py <Py, is to

Rojeot HO if Sn = k (hence ncoept Hl)*
Acoopt Ho if Sn?: k + 1 (henoo reject H 1)

(The numbor k {8 called the acoept/reject oriterion), Hore P, may bo thought of
as tho ""design goal" or spocified value of the FOM under considerntion, and Py
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is the "Minimum avceptable' value of the FOM under consideration, It has been
tacitly assumed here that values of the FOM closer to 1,0 are the more desirvable
valunes, Therefore, in particular, weo will be demonstrating 1-FEF] inatead of
FEFIL. The parametor "n"” ia the sample size on which the test statistic S is
based, The statistic 8, 18 the total number of "successes" in n lndepondent ex-
porimenta, For oxurtmla. for FFD n sample faults would be inserted or simu-
lated in the equipment undergoing demonatration testing. In this case, 5, would
be the number of the n snmple faults subsequently detected with BIT/ETE . The
mmuo s“ will thuas have a binomial distribution given by equation (5.2,1.1,1)
with p equal to the aotual probability of fault detection, i.0., the notual value of
the FOM FFD, 'The value k in (%) is detormined for a given n and Po by seleoting
the producer risk a, or, cquivalently, k is determined for fixed n and p,, by "'
selocting tho vonsumenr risk 3. The value o is the probability that the demon-

stration test Is failed given that the design goal has actually been met, The

value ¢ is the probability that the demonstration tost is passed given that only

the minimumkccoptnblu has beon achieved. Mathematioally,

ARSI X AT S i T TR e I g el S TSR T T NS 5 AR >yt

PR

i

i a 3 (1)}, (1-p )™ (6.2, 1,1.2)
! i=o

§ n

g -3 ({ )p, (tepp"! (6.2.1,1,8)
¢ fok+1

\ { Sinco (8.2, 1.1.)) defines a disorete probability distribution function, presclected

L valies of @ and 8 will not exaotly bo achiovable. However, (5,2,1.1,3) or

' .'j.' (5,2, 1,1, 2) will determine a value of k which provides a consumer or producer

' risk closoest to the preselected valuea of consumer and producer risk, respoctivoly.
It oan be shown (reference 3) that the hypothesis teat (*) is optimal in the sense
that for a fixed value of «, the resuiting k yiolds the smallost possiblo £ and
vice versa.

A To aid in the design of demonstration tests, Appenc@ix A containsg listings
of the exact probability (using the binomial distribution) of accepting H,
(l.e., passing the teat) as a function of the true value of p for fixed paira
of n and k. The values n = 20, 28, 30, 35, 40, 45. 50, 60, 70, 80, 90, 100
were chosen along with (for each n) k = 0,80n, 0.80n + 1, ..., n-1, Denoting
by v(p) the probability of nocepting H,, as n function of the true value of p
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(l. e., ¥ (D) ropresents the entry in Appendix A corresponding to the probabil-
ity of paasing the teat), the exact values of o and p may be’ read directly (or
interpolated) from the tables for fixed (n, k), by

a®1- (po)

8= vy(py, (8.2.1.1.4)

The use of Appendix A will be illustrasted for designing test plans for
the FOMs FFD, FFI, and FEFI in the next sections, Often, specific values
for Py, P1» o and B will be chosen and it will, thus, be necessary fo find the
sample size n and the pass/fall value k necessary to complete the definition
of the demonstration test. This could be accomplished by seusrching the
table for the desired combinaion (n, k) which would yleld o =1 -'f(po) and
B my(py). A more efficient method (though only approximate in nature)
relies on using the normal distribution approximation to the binomial distri-
bution (reference 3). Denoting by Zt the tth quantile of the standard nor-
mal distribution (e.g., Z;, g5 = 1.845) the approximate value of n and k for
a given set of values pPo. P1, «, B are given by (see reference 1),

‘2
o ’zl-j.?\’pl(l-plj; za\/ po(l-po)=

(po“‘pl)

(5.241, 1, 6)
and

k onpy + 2, o /ip (1-py), (6.2, 1,1.7)

It should be emphasized that these values on n and k are approximations,
Having computed n and k from (5,2.1.1,6) and (5.2,1.1.7), this par (n, k)
can be used as a "sterting point" in searching table 6.2.1.1.1 for better
value of n and k (i.e., better in sense that they, in conjunction with the
desired values p, and pj yield values of producer and consumer risk closer »
to the preselected values a and B, respectively.
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Appendix A.2 gives step-by-step procedures for determining demonstra-
tion teats using the tables in Appendix A. Two important cases are covered:

£ ATy = a o S -

in case 1, n, | ) and 8 are known and po. k are to be determined assuming
a= 8; in case2, 8, p1, o, and p, are known and n, k are to be determined,

5.2.1,2 Demonstration of Eraction of Faults Detected (FFD)

"Aa seen in Section 3.2, FFD can be either: 1) the probability that any
fault is detected by BIT/ETE or 2) the probability that any detected fault
is detected by BIT /ETE, In elther case, it will be necessary (for statistical
demonstration procedures) to insert or simulate a number (say N) of faults
‘at random in the system undergoing demonatration testing, These faults '
should be distributed in a manner suoh that, on the average, portions of )
the equipment possessing higher percentages of the total failure rate will : {
possess a proportionately high percentage of the total number N of faults ‘
(see Section 6.4 for further discuasion of fault aeeding). In either onse .
(case 1 or 2), the test statistio Sn will be the total number of the N "seeded"
faults deteoted with BIT/ETE. In c¢ase 1, the sample size n will simply be
' N. However, in case 2, if j of tho seeded faults are not deteotable by any
means, then the sample size n will be N-§,

In general, the magnitude of n will depend on the minimum acceptable
value of ¥FD (pl). the consumer risk (8), the design onpabtlitiea (possible
vialues of po). and the procducer risk (a). For example, for values of po and
py very close together, large values of n will be necessary for reasonuble
risks o and B, Also, if py, By, and n are fixed, it nay not be possible
to design a value p, high enough to allow for a reasonable value of o (see
example 1). Therefore, care should be taken in designing a demonstration
test for FFD (and the other FOMs in this section) such that reasoriable
levels of risks a and B are possible. Often, from specifications, it will be A
known ahead of time what the rough values of a, 8, p,, and Py will be.

In this case, (5.2.1.1.6) and (5.2.1.1.7) ecan be used to determine approxi- !
mate values of n (sample size) and kK (pass/fail oriterion) and then Appen- {
dix A can be used to "zero in" more on a combination of n and k which ,
ylelds exact consumer and producer rit:ks closer to the preselected o and B. ;

The preceding concepts are illustrated below with three examples. These
: examples also serve, with minor modifieation, to illustrate the demonstration i
of FFI and FEFI, E
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Example 1, The consumer specifies his risks as g = 0,95 and the minimum
acceptable value of FFD ( for all fuultg) as pp = 0,98, The consumer further .spoci-
fies thut the demonstration test will be based upon a sample size of N = n = 45
faults (see Appendix A.2, case 1), This is sufficient information to determine the
accept/reject critorion (or simply "test oriterion") k, Searching Appendix A with
n= 45 and p; = 0,98 for various values of k, it is found that the smullest possihle
value of B (with n = 45, py = 0, 98) is 0, 4029 for k = 44, Supposing that £ = 0, 4020
instead of 0.05 is acceptable, let us determine what the design goal po must be,
Soanning the table with n = 45, k = 44, 1t {s scen that py must be larger than 0, 996
to achieve an a level loss than 0,20 (i, 0., it is seen that 1 - v 9, 805) = 0, 20).

If e 0,20 I8 acceptable to the producer, and if py = 0,995 is o realistic design
goal, then the test which most closely matchos the original speoifications of the
consunier is:

Producer passes (Ho nooepted) if

# of faults dotooted ® 8, . =kt1 = 46 ‘

Producor fails (H]_ nceepted) if

# of faults dotectod®m 545 s 44 .

The exact valuos of w und # for this test are 0.20 and 0.4029, respectively.
Notioe that not only was it imposslblo' to uohieve an exnct 8 oloser than 0. 4029
to 0. 08 (for n= 45, Py 0.98), but the test oritorion implies that all 45 faults
must be detooted in order to pnss the test, Thus, although the test (1. e., that
all 45 faults be dotected in order for the producor to pnss) seems very striot,
the § level indicates excessive risk on the part of the consumer.

Example 2. The consumor specifios his risk as 8~ 0,10 and the minimum
ncoeptable value of FFD (for all faulta) as 0,946, He further speoifies that the
demonstration test will be based wpon a sample of size N =1 = 70 (8c¢ Appendix
A.2, onse 1). Looking in Appendix A, it {a seen that for the case n = 70, k = 68,
(0, 945) = 0, 0067 which 18 the exact 8. Thus, the demonstration tost is

Producor pnsses (llo aooepted) If

¥ of faults detooted = S'?O 2= kel 69

Procducur fails (H1 nocepted) if

# of faults dotocted @ S7 0568
Sinoo P, has not beon spocifiad hore, the producer must examine the table for
n = 08 to find the valuo P, to which ho enn design in order to nchiove his desired
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level of risk, o. If a= 0,10 is ncoeptable, it is scen from tho table (for n = 70,
k= 68) that 1 = ¥ (0, 99) = 0, 15563 and 1 ~ (0.995) = 0,0483, Simple lincar intor~
polation yields P, 0, 9926 s the design gowl for FID,

Example 3, Agsume o= = 0,10, py = 0.80, p, = 0,90 (see Appendix A,2,
oase 2), To complete the definition of a demonstration test, n and k must be deter-

mined, From 5.2.1.1,6 and 5,2,1,1.7 it is seen that (since Zg 10~ ~1.282=~Z, o)

o o {Le282 V{TTRON0.20) + 1,262 V{3, 50)(0. 10))
(0,900, 80)°
o 81
and

Kk o (81)(0,80) + 1,282 Y(81)(0.80)(0. 20)
et o

The onse h= 81 was not inoluded in Appondix A but considering the onses in
‘Table 5.2.1.1 for n= 80, it is seon that for n= 80, k= 68, a= 1 = ¢(0,90) =
0.1004 and 8 = (0, 80) = 0,1006, Thus, sinoe these oxaot values nre extremely
closo to the presolosted values of o= g+ 0,10, the test 18 thus:

Producer passos (M o uooopto_d) it

# of faults detootod Ssoakﬂ. = G0
, Producor fails (II1 necoptod) if
13 # of faults detooted &= Bgp =68.
83 From this example it {s scen thut equations 5. 2.1, 1.6 and 5.2, 1. 1.7 own yield
i vithies of n and k which in turn yleld values of o and 2 quite closc to the prosolec=-
! ‘ ted voalues of o and Z. In this example, howover, the value of n computed In
! 5. 2.1, 1,6 satisfled

" ‘ np* =6 (64241, 2.1)
.*} where )
R p* = min | Po? 1-ps Pys 1 Py e
! It can be shown (roference 3) that condition 5.2,1, 2.1 18 sufficiont for the normal
distribution approximuation ugoed in the derivution of 5.2.1.1,8 and 5.2.1.1,7 to bo
8 u good approximation. Values of n and k computed from 5.2.1.1,6 and 5. 8.1,1,7
s g
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which do not satisfy 5.2, 1, 2.1 cannhot be oxpected to be reliable. However, such b
values will still provide a starting point for determining values n and k which are
acooptublo,
5.2.1.2 Demonstration of Fraotion of Faults Isolated FFL
To domonstrate FFI, N faults are inserted or simulated randomly in the
systom undergoing the demonstration test, The sample size h (see Seotion
6.2, 1,1; is N=f whore § is tho numaber of ihe: N fuults which are not detoctable
by any means, 'Thu test statistio Sy is simply the number of the N~j BIT detocted
faults which are isolated to the replacemont level spooifiod by the maintehanoe
conoopt, Seo Soction 5, 2.1, 2 for oxamplos of how to design specific demonstra=
tion tests, If random faults ocour in addition to the seeded faults, the sample s
sizo {8 adjusted nogordingly (soce Seotion 5. 2.1,2, for example),
“5.2.1.3 Domonstration of Fraotion of Erroncous Fault Isolation (FEFI) Rosults '. )
Since I'EFI {s tho probubility of orroncous fault isolation, it will be moro
convoenient to demonstrate 1-I'EIN, To acoomplish this, N faults are insorted or
simulated randomly in the systom undorgoing the domonstration tost, The sample
sizo n (soe Scotlon 5.2.1,1) 18 Nef whore 1 is the numboer of tho' N scedod faults
which cannot bo detected by HT. Tho tost statistio Sn is then the numbor of the

N-f fiults which are cormroctly isolatod by BT, Sco Soction 5.2, 142 fox oxamploes
of how to dosign spuocific domonstration tosts,

e e

If random fiults ocour, in addi-
tion to the N seoded hwults, the sample size n= N«i ig adjustod by adding in tho
numbor of additionna] random faults detooted by BIT.
Be 2.2 Demonstration Tosts for Fault Isolation Rosolution (FIR(L))

The FOM FIR(L) may be interproted as the probability that a fault (detected
by BIT) will be isolated by BIT to L or less replreenblo items (Rls) (FIR(1)) is a
generalization of PFI), This FOM {8 often specified at more than one level 1. That

e T RS

'}“L-‘.Wi‘vm""ﬁ-—?;

is, thore may be k lovols L1 < 142 <yae & ]“k with corresponding spocified valuos
(I~‘1R(L1) < l“ll{(l.z) oo ¥ I"llt(l‘..k). Equivalentdy, the probabilitios

py  FIR (L

U

;-'

p2 2 IR (1'42) - FIR (Ll) (5. 3.2, 1) ‘ !
. i

- Y ;
M i

pk = JFIR (Lk) - IR (Lk-l) E ;
0
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may be specified. It {s obvious from (5. 2. 2.1) that a given set of PysesnrPy
will uniquely determine FIR (L) FIR (Ly)sessy FIR (Lk) and conversely. Tho
probabilities Pyseeesp) are thus interpreted as:

P = the probability of isolating n fault to < I..1 Rls
. Py ™ the probability of isolating a fault to > L, Ris and = L, Rls,

P = the probability of tsolating n fanlt to > Ly, Kis and = L, Rls,

Therefore, Pyse Py ALQ probabilities of k mutually exclusive events, By !
analogy with the demonstration tests of the lnst seotion based on the binomial
distribution, the demonstration teats for fault isolation resolution will be bused

on the multinomial distribution, |

If there are a total of N“ RIs in the systom undor considoration, then it
will bv convenient to to.ka Ly = NR go that FIR (Lk) will always be 1, In this
case,

k

ZIp; = FIR(Ly) = 1, : (6. 2.2, 2)

=1

To design o demonstration test for fnult Isolution resolution, it will bo notos=
sary to know both the minimum acooptable and dosign goal values for tho vootor
of probabiljties p = (Oyrees .pk).

‘The demonstration test statistio 1a defined us follows: Insort or simulate N
faults at random into the syatem undergoing demonsatration testing and suppose that
n (n = N) of theso faults are detooted by BIT. Let:

X, = the number of the n faults detected hy BIT which are isoluted by

HT to = L1 RIs

x2 = tho number of the n faults detooted by T which are isolated by
HIT to > Lllu'no,nds L2 Rls

xk = the numbeor of ‘ho n faults dotooted by BIT which are isolated by
HIT > L, , RIs ond s L_Rls,

(g

i)

4 AR s

RS-

e

Toel ¥ K

-
fa -5

i




1D REART LAY wtV
. 3 .

Then the test statistic is defined by

k D kel
T = 1;.51 X, 1n(p1/p" ) = 1:1 A! Xi-& n 1n(pk/pk ) (5.2.2,8)
where '
. * o ' * e e '
A‘ = ln(pi'/Pi ) = ln(pk/pk b =1, 2y 444y k=1, (5.2.2.4)

with p'i. “oey p]: denoting the design goal values for the vector.of probabllities
P, and p1 y ses pk* denoting the minimum aoceptub).e vo.lues for the vector of
probabilities p. 'The tust statistic defiriod bv"(‘(\. 2,2,9) follows from the usual
likelihood ratio tost for teating the simple hypothesis (H ) that P = (pl, sauy pk)
againgt the almple alternative (Hl) thatp = (p1 y suey pk*) and the test based on
50 2. 2.3 {8 optimal in the sense clisousaed in Section 6.2.2,1 (reference 3), The
demonstration teat ia thin
Producer fails test if T < C

‘ (6.2.2,5)
Producer passes tost if T = 'C

' Where C, the pass/fail oriterion, is determined by selecting either the produger

risk @ or the consumer risk 8 (but not both simiultanecously). Since the random

»
veotor (Xy ..., Xk) has & multinomial distribution under either hypothesis, that
s, for non-negative integers

k
X seey X Withz X, =n
]' ’ k 1'1 1 ’
nl k
P xl = xl’ [ E R XY xk"xk: " k"-"-_— ’ ﬂpixi (5.202'6)
It xil) fa}
i=1

Where pi- p; “N 1. 2. XXX k) under HO and pi“ p1* (1 = 1. 2. vee) k) undet
HJ.’ the value C is determined by either one of the following equations:

n} k

a= B \p=— * pox (6.2.2,7)
xil i=1
=1
Nk
B = 3 ‘pt X (6.2.2,8)
B lle! 1_11
=1
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g where: A is the set of all veotors of non-negutive integors (g1 seey xk) such :
' that : ‘ |
'| #" : k .
 § Z x =n andT<C;B is the set of all veotors of non-
% 1 f=1
& K ,
E§ negative integers (Xy,.+..y X;) such that 121 X =h and T 2 C, '
{ As with the binomial cnse discussed in Section 8,2, 1,1, oxact prespecified values |
‘ of @ or # will not be attainablo due to the discretoness of the multinomial dis=
i tribution, However, a value of C can bo determined from 5.2.2.7 or 5.2.2.8 |
3 3 which yields an exnot vidue of o or 8 oclosest to the prespeoified valuo. )
3 - 8inoe the sample size n for a demonstration tost of fault isolation resolution
; will often be large, the pass fail value C can be determined using normal distri-
» t bution approximations. Doenoting by 2, us the tﬂ‘ quantile of the studnrd normul
& distribution (e.g., 2 0.9 = 1, 282) and utilizing the normal approximation in N
| (5.2 2. 8) the value of c is approximately ; ]
:'. t, C= Cy+nln (pk/pk) (6.2, 2,9) |
Y where
| k-1 » k=l g ¥ & wow] ;
c,=n z Ap, +72 2 A'p (1=p, )= 23X AAp b
.1 P11 p\/‘[ul P sy ke PO 3]
N ‘ (64 2.2,10) :
] Genomlly, conditions (B, 2.2.7) and (5. 2. 2. 8) will not be satisfied simultancously
;{- ] for o given value of n, However, when n is presumed to ho largo, the normal 4 1
¥ approximation may be applied to both (5. 2.2, 7) and (6. £. 2. 8) to yield the valuo 5 B
§ of n necessary to satiafy (5,2.2,7) and (5. 2.2, 8) simultancously. Tho required ’E |
.'?.‘ value of n s approximately .
o 4
v 2 2 v
x / * §
} nw(zy o020 ) (n=i) (802.2.11) 5
i 1
R
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where

] k"“l
= I Ai pi‘ (6.2,2.12)
lal :
k=1
{ml
t -1 2 . :
g = p) A‘ ‘pi'(l-px') - 22Z AiA‘p 1‘1)5‘ (50 2.2, 14)
| =1 1si<jskal
S
T 2 % . (5. 2.2, 15)

1si<)sk=l

Tho results (6.2.2,9) through (6.2, 2. 10) are discussed and dorived in referonco 1,
These results will now be illustrated by some examples, Appendix B oon=

" tains ‘soveral demonatration tost plans for various sumple sizes and design goal

and minimum acceptable values for p for the caso k= 3 (f.0., two notunl lovels
of fault {solation rosolution, the third boing L, = Np).  In Appendix B the pass/
fuil valuo C was computed using (5. 2. 2. 10) for the prospocified value of 3¢ Thon
oxuot values of avand 8 wore computod uaing (5. 2. 2.7) and (5. 2, 2. 8) for the C
valuo computod from (6.2, 2. 10). It oan be seon that tho approximation (5. 2, 2,10)
i8 vory good for tho sample sizos considerod und thep viluos considered,

Examplo: Supposeo thoro are two lovols (1,00, k- 3) of fault isolation resolution
under oonsideration. Speoifionlly, the lovels Ll’ Lg and the minimum aeooptablo
and design goul valuos for FIR (I‘l) and FIR (112) aro:

141‘ 1’ L.‘\Iu 3 (LB = Nl‘)

Design Goal: FIR (1) = 0,800 or pl' = (0, §0
FIR (3) = 0,900 or p,' = 0,10
FIR (I":l) = 1, 000 on pa' e 0, 10
Minimum
Acooptablo:  FIR (1) =+ 0,700 or pl* r 0,70
FIR (3) = 0,875 or py* = 0,175 /
FIR (L:l) e 1,000 or pa"‘ = 0,120

4

el o e




\
A
;
[ 3
-
‘I?L
¥
v
i’
fi
\
|
i‘.
i

Suppose further that the consumer risk § is prespecified as 0,10, If n faults
are detocted by BIT (out of the original N inserted or simulated fanlts) then let

x1 = the mimber of the n faults isolated by BIT to 1 RI
x2 = the number of the n foults isolated by BIT to >1 RI and =3 Ris
x3 = the mimber of the n faults isolated by BT t» > 3 Rls and = La Rls.

From Table B~5 of Appendix B (or using (5.2,2,1), (5.2,2,8) and (5.2.2.4)) it 18
saen that:

T= 0,13353 Xl -0, 55962 Xz -0, 22814 &.}‘

Again from the Table, it is seen that for n = 50, the exact ralue of 8 is 0,0889
and the exnct value of tho producer risk « is 0.8557. The pass/tail value C s

0. 8226, so that the producer passos the test (when n= 50) if T =0, 8226 and fails
otherwise. If the valuo 0,3557 18 too large for a, then a larger samplo size n
will be required. If o= 0,106 is desived, thon tho required n may bo approximated
using (6.2,2,11). The culoulation is:

2 2

" t ® [}

n o (1,282 0 +1,2820) /(u =p)
whoro'

u* = (0,13458) (0,80) = (0, 556962) (0. 10) = 0,05080

K = (0,18353) (0.70) = (0.55062) (0, 175)= =0,00446

¢ = [(0.13353)% (0,80) (0.20) + (0, 56962)% (0.10) (0.90) +
2(0, 13358)(0, 55962)(0. 80) (0. 10)) 12 = 0, 20785

¢ w10, 13858)2(0.70)(0, 30) + (0. 55068)% (0, 175) (0, 825) +
2(0, 13853)(0. 55962)(0, 70)(0, 178)] '/ % = 0. 26038

or
n= 117
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The value n = 117 is not included in the Table but for n= 110, a = 0,1051 and

8 = 0,0910, Since thosn values are very close to 0,10 the teat for n+= 110 may
bo used.  For tho case n~+ 110, tho pass/fail valuoe € is 0, 0606 and the protucer
passes if T = 0, 0606 and fails othorwiae. Suppose that:

x1=84
X,= 11
Xg= 18

1s obsorved In tho tost with n= 110,
Then, T = (0. 13353) (84) = 0,55962(11) = 0. 22314(15) = 1,7136 > 0,0608 go, the
producor passos, ‘

I the observed rosults are:

X, = 82
Xz w 16
x3 18

thon T = (0,13353) (82) = (0. 65962) (16) = (0, 23314) (18) == =0, 34566 < 0, 0606 v,
tho producor fails,
5,2.3 Fuult Seeding Methods

Tho validity of tho domonstration tosts for FFD, FFI, FEFI, wxi FIR {8
dependent on tho ability to ingort or sinulito faults in the partloular system at
random, By tho term "at random', it {8 momnt that fuults aroe insorted or sinu-
latod in such n manner thut any one of all posaible faults that can ooour {8 equally
1ikely to be Inserted or sfmulatod on any glven fault Insortion ov sinmulation. Of
oourse, to do this, an oxhaumative list contuining all posaible fuuit types is ro-
quired, From auch a list, the sumple fuulta are chosen at random and insertod or
simulated in the systom, However, an exhaustive list Is usually not avallable
and would be oxtremely coatly to compile, The alternative (s to compile an ab=
hroviated liat which preovides o representative samplo of the exhwustive list. A
random sumple can thon be solocted from this fuult Hat and simulated or insorted
in tho systom. Such an abbroviatod liat can be obtadned from tochniquos such us
Appendix A to MIL=-STD-471A which providos a camdidato fuult Hat for maintauin=
ability demonstration toats,

It should be poinced out thut when more thun one FOM rocuiring fault sooding
ia boing domoastratod, it {8 not nooosaury to sood soveral difforont sota of fauita,
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X tho aecded faulta are applicable, Additional fault sceding will only be necessary N
; if some demonstration tests require larger sample sizes due to the test _ ‘ i
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6,0 GUIDELINES FOR SPECIFYING BIT/ETE FOMs

This section provides genexal guidelines for the selection of an appropriate
set of BIT/ETE FOMs that should be specified for a given system/equipment,
The information presented here is provided as recommendations only for select-
ing the moat suitable BIT/ETE ¥OMs to specify. The user should use his own
disoretion when determining which BIT/ETE FOMs will finally be specified
based on the speoific syatem/equipment mission and objeotives.

This scotion is broken down into two aubsections, The first subseotion
provides guidance for the selection of BIT/ETE FOMs to speoify, given various
systom/equipment RMA roquirements, The second subsocotion contains guidance
for specifying consistent BIT/ETE FOMs,

i
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Wb 6.1 GUIDELINES FOR SELECTING BIT/ETE FOMs TO SPECIFY
' The selection process for an appropriate set of BIT/ETE FOMs to specity
‘ : is dependent upon the system/equipment in guestion and the requirements or g
P goals that are desired, In other words, BIT/ETE FOMs should be specified '
according to the most important system goals that are desired or required, This
section contains a methodology that can be used to identify candidate BIT/ETE ;
FOMSs to specify, based on the desired system objectives or requirements. ¢
g X One Important point should be noted: the BIT/ETE FOMs selected will most g
S likely supplement the RMA FOMs that are normally speoified (e,g., MTBF,
MTTR, and A, or other similar FOMs), With this in mind, it is agsumed that W
at least two of the three RMA FOMs are already inoluded in the system specifica- :" _
tion, The third FOM, whichever it may be, oan be easily determined using .
, the definition of availability
! ‘ (A= mnMTBE )
; : MTBF + MTTR
[ D It may turn up, as a result of using the presented guidelines, that the RMA
| FOMs that are already a part of the system speoification may also be prime
} candidates for BIT/ETE specification. For this reason, the RMA FOMs that
alao characterize BIT/ETE inherently, remained in the list of BIT/ETE FOMs,
b Thus, if an RMA FOM is algo identificd as a prime candidate for BIT/ETE speci-
:« d fication, the number of BIT/ETE FOMs required can be kept at 2 minimum,
8.1.1 Development of BIT/ETE FOM Selection Guidelines Methodology
The matrix shown in Figure 6 along with the system/equipment objectives
enumerated in "Table 17 are used to select candidate BIT/ETE FOMs, 'The
development of these FOM selection guidelines consisted of the following steps:
1) identify the various system objectives that are related to BIT/ETE
: 2) correlate the systein objectives with the BIT/ETE FOMs that suit
& them the hest
8) rank the BIT/ETE FOMs accordingly, for system objectives that can
be characterized by more than one BIT/ETE FOM.
The first step of the BIT/ETE spedfication guidelines development was
‘ straightforward. For each FOM type identifled in Section 3, a system ob-
jective or reasons for speaifying that particular FOM were tabulated. In
other words, system objactives or reasons were tabulated depending on when

ST
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TABLE 17. SYSTEM/EQUIPMENT RMA AND BIT/ETE OBJECTIVES

1.

2,
3.
4.
5,

6.
7.

8,

9,

10,

11,
12,

A high confidence of continuous performance of system/equipment
requirements is desired and there are no physical constraints (l.e.,
redundancy can be implemented),

A high confidence of the system's correct status (l. e., operational or
down) {8 needed to determine proceed/abort decisions.

Minimum downtime due to failures {s oritical and physical constraints
restiiot the use of redundanacy.

Amount of spares available will be llmlted.
Minimum maintenance and support costs are desired,
Speocifio skill levels will be required to maintain the system/equipment,

Systom/equipment location will restrict the amount of maintenance avail-
able (1, e., remote facilitics).

BIT/ETE failures will be dotrimental to system reliability.

The periodioity and length of on-line testing is critical to system opera-
tions (e.g., in redundant systems where awitchover times must vcour as
soon a3 possible),

The amount of memory for resident software diagnostics (. o., for contin-
uous monitoring capabilitios) 18 limited.

Undetocted failures are hazardous to system anfety.

1
3
o
1
)
b
a
%

A high oonfidence of BI'/ETE oporability and noouracy is desired.

and why a BIT/ETE FOM would be spocifiod, For oxamplo, if the amount of
spares available for n system is limited, then FIR(L) with a high resolution
(l. e., average RI group size relatively low) would be & good BIT/ETE FOM to
apecify.

The aystem objectives identified were goneral in order to maintain an over-

all aystem applioability, Table 17 summarizes the various systom objectives
identified that pertain to BIT/ETE,

The next step wae to correlate the identified system objectivea with the

various BIT/ETE FOMsa. A majority of work for this step was avcomplished
during the first step. As a check (to make sure all the syatem objeotives were
identified for each BIT/ETE FOM), cach FOM wae checked aguinst all the syatem
objeotives identified to determine if there were any other existing corrclations,
The results of this step are shown in matrix form in Figure 6, Tho matrix re~-
lates the BIT/ETE FOMs (tabulated across the top row of the matrix) with the

.
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identified system objectives (tabulated down the left side of the matrix). For
brevity, the system objectives have been denoted by numerals and abbreviated
titlea, that refer to the numbered syatem objentives tabulated in Table 17.

The final step in the guidelines development process was to determine which
BIT/ETE FOMs were the best candidates to fulfiil each system objective, The
method used was a ranking of the BIT/ETE FOMs by evaluation scores. Two
methods were used for ranking the BIT/ETE FOMs. The first method ranked
the FOMs aocording to the evaluation results of Sectlon 4.2 (FOM suitability
‘ovalvation), The second method used was a ranking of the BIT/ETE FOMs accord-
ing to thelr suitability towards the system objective it pertains to (i.e., the FOM
that fit the objective the best was ranked the highest), The ranking results are
tabulated in the associated boxes of Figure 6. Each box contains three pienes of
data: 1) the FOM ranking dué to evaluation results of Section 4.2, 2) the ranking

_due to the FOM's suitability towards the system objeotive, and 8) the ranking of

the average of R1 and R, (e.8., the rank obtained from the average’of the two
ranking methods,) For cases where thé average rank was the same for more
than one FOM, the FOM with the higher ranking due to the evaluation results of
Seotion 4.2 was ranked higher, The format of the rankings presented in Figure

" 6 18 shown in ¥igure 7 below:

¥E00NZE

' 4
RANKING DUE TO /- —‘RANNNG OF AVERAGE

awu.umu N RESULTS Ry
OF SECTION 4.2 n
A RANKING DUE TO THE FOMY
" SUITABILITY TOWARDS THK

2 SYSTEM OBIECTIVE

Figure 7. Ranking Format

Three rankings were given so the usor would have a choice 'ln selecting the
ranking scheme that was more important to him, The rankings are very similar
and the usc of any ranking should net significantly affeot the group of FOMs
seloated,

6.1.2 Use of the BIT/ETE FOM Specification Guidelines Matrix

Seleotion of an appropriate set of BIT/ETE FOMas for a system is faoilitated
by the use of the BIT/ETE FOM specifivation guidelines matrix of Figure 6,

Rtz e




Use of the guldeliner matrix includea the following steps {(each of which is ex-
panded upon in the following paragraphs):
1) determine which systemn objectives are desired fur the system in
guestion
2)  for the system objectives selected, determine which FOMs are the
best candidates by using one of the following techniques:
) based on the BIT/ETE FOM evaluation ranking
. based on the system objective rankings
¢} based on the average mnking
d) based on the user's judgment
3  select an adequate number of FOMx
Selection of the System Objectives: This task coneists of selecting, out of
the list of BIT/ETE objectives, these that pertain to the chjectives desired for
the system in question. The format of the table is arranged such that the user
scans the list of possible objectives in Table 17 and selects the objective(s) most
representative of those desired.
The list of syvstem objectives is very geovralized and the user should use

discretion when applying the presented methodology for selecting BIT 'ETE FOMs,
Only the necessary system objectives should be selected.

Selection of the BIT'ETE FOMs: The matnx is set up such that when a
system ohjective is selected, the user scans the row for the list of applicable

FOMs. Selection of ihe sppropriate FOM can be sccomplished several ways,

It is recommended that the BIT 'ETE FOM with the best average ranking be the
specified FOM, However, the matrix leaves room for flexibility by listing sl
the applicable FOMs and altermative selection processes, such as vankings by
gystem objective suitability, and rankings by the BIT/ETE FOM evaluations of
Section 4,

The average ranking (BIT/ETE FOM evaluation ranking and the system
obfective ranking) is recommended since it accounts for the ability of a FOM to
be used by the prudizcer and it accounts for the suitabilitv of the BIT ETE FOM
towards the consumer's requirement objective.

Selection of ap Adegquiie Number of FOMs: In the process of identifying
the desired objeclves and the most appropriate BIT ETE FOM associated with
the objective, there may be some duplication in the BIT'ETE FOMs selecied
{i.e., one BIT ETE FOM may be best guited for more thar one BIT.ETE

&3

e e T T T




objective}, The problem thatl arises is determining how many BIT/ETE FOMs
should be specified, The miaimum number of BIT/ETE FOMs that should be

specified are the unique FOMs that have been identifiad by the desired BIT/ETE ’
abjectives and the aforementioned selection process. However, if the user so

‘ desires, he may select alternative FOMs (e.g., the FOMs that ave the next 14
u highest ranking or any cther FOM related o the BIT'ETE objeclive) for we T
cuses when there are duplication, .
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6.2 SPECIFICATION OF CONSISTENT BIT/ETE POMs
Onee ave spprrupriate set of BT FTE POMe bas Ineen sebected | nmmericad
valoes st e assigieal to thes, Soecifie valiies for BT FTE POMs are de

ponden, unon the nystom Dvpe, the syvstem vovimesent . Dhe sorinfe nanoy

conoopl . wid vapedially the obcctives amd meeds of the consumer e to 1
2 FOM's deperdency upon the afore tentiomst Gaors e sifompl wax masde .
3
o define spedfic values for cuch RETSFTE POM, However . Cypleal values for
vach BT F VY POM, where posaibde, werc deteenisesd sl are presented in Tabie 4
(8, The range of values presented waey Igsed on the spesifivd values that
Rave heen eaperiencad 1 prior spectfications gepectfioatty the spacilications
suarveved fn Section 2 amd <hoadit e uxed G guidavs anly
Bue to the abvanoement of ctate of the art sloctronie fine meed Tos tastter
wint more sophinticated BET FTE has a geent impoact en U otk thst shoatd
e apecified . Thus valdues apecifind sbould vefheet the adbtonal capatality
required
The reovdmiter of this secthon sddenesses the sprecaaffentiotis of BT 111
FOMx that arv asiverteatiy Cond guatitatin ole or ingatn vl ) ennsg: e,
TAMEE T, VALUERS DUPE 1OV SPECTEIC VTRONS
! : '
! [ARAN] : Tyvpend Values '
+ 4 L
Yyn LLDATI L
FUA LR UN B LR ) \
sl TUBLE S L 1) :
i wystenr depscintent :
"n ayutem dependiog
¥ syntem depeintent :
) 18G4 un ¢
FIR (1) I TA RIS YRA '
LI LTI 3
(D) U LU ;
NS wvatem depwende v
“FSI. wystem depwndend :
MYBFy, satear Qe gt indent .
“TT““ w ~vutem lh“‘l‘"(h““ .
A Vo svntens depe rdent ,
N*“h‘ ' systenn dapessivm
! A suatem depemdent
. ¥ ¥y , TN LIRS IR .




6,.2.1 Guideltoes For Specifying Consistent BIT ETE POMs
Whett speeifving BIT ETE FOMx {1 ix of the utmaost importance that the
numerical values spacified for the BIT FTE FOMs do st contradict each other,

When spovifving mubtiple 1T FTF FOMx together ey mast be congistend,

POM consistencs 1= a probler whben FOMx thint ave interrebated ave specified
together, The purpmes of this snection is o dentify the BIT ETE FOMx that are
intereelatod and dtermine tum e speccificetion of one POM affccts how snother
FOM may b specified,

FOM corsistensy muast exint both guantitatively and gualiatively (or
Intuitivelyt,  Firet of all, ¥ two of mery POMs are related guantitatively, then
v wpev ication of ope of the POME hax an et on what the numcrieal value
of amy related POMs can he. For exsmple, § the mean time (o repair i MY THY

and the mean fauly isobstion e (1,8 ave to e spwevifivd logetier, thea in

arder to be cavwartent, the value hlh":“lni for ‘H mst e b v tham the value
apaecifiond Tor MUTR. This iv an obw fons casky , wim e ‘AH i 4 tave plemem
whhin MTTH. o othet vkrva The sgevafication of voascstont FONs 1w pot wo
obvious, Car Qus resson, an ot Frelationships amaly cis was peerfo st oo th
T ETE YOMs, Ui thes tiiak was comploetast, owas casier to dego rmiiom haw
roelated POMx should be spescified,

Pigure ¥ is o motein sdenbifuong whick 3 FTE PO an irdcrvelated,
The oty BRES Tor the pitrey = as follow s

Y deotes that 2 quantimtive relat osaship eaisis betwesn the o FON S,

Q@ Bemes that o qualitatve o) intoative rebatioasmbip caty

i danotes that o relationchip can be dedevmimd timtirocty (e, by untng

t v relntionahip of two othey PONSG

Table 19 rommarizen the comstrmnts that musi e followod when relsted
FOME are spwciliod together  Phe tible as organs b with the (e vedaisd FOMs
denoted of the Left sande of the able and the vensttann bnposesd an the right sube,
1t xhoubd be motend here that thae onlys FOM thaet ave Tirvetl velited e, B and
W on the matriag are seferenced bere, Thus, constrasnts for FOMa that are

indiraetiy rebatest can be determimsd by comtrirtions of the iidicated const-ainta,

Fhwe namber in the lefimost column (relavtonship sumber, wivich deosetes

corresponding row amd codumn eatey from the mstric of Sgove -, boadieated y
for pefepemes nurpores only,

b
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TABLE 19, (0,

GTRYEINTS WHEN SPFCIRYING REL VTED FOM=
Rl“:":\::!‘lh o ...___l.“ - ,'-_““;‘I_ e e an et .._.‘._...,vl -
Nerhes RO Wl Constrmins
Quantitative - onstrainta !
1-3 FFD g FFSE g o BHIn - VIN)
t 2 F¥D P FRD 1T
2-3 FFA CErse D rEsE - pES
8-6 Ty ; Ya TS
7-9 ™ L FR l '8 A TRRNE 28 3 § TR e )
s-9 FIR(t) i FFI FIRiL Ve Kl
w18 T'H i MTTH T‘H « WTTR (sec e 80 bebow alwn
o L l o i}‘b\ defintlion A "\i”f"ﬁ’l:‘ H::\?-r;'n
13-4 M1 TR“ ' ! .~\“ v : “T"‘MH b 0t
15-16 ’ MTTR i A i{h\ Welint v N ,\Ii‘wi‘}'" T
Wﬂullw'nr In(umw Constrain «
e ! [ 2 )] l Tt‘l A low i*n b tvprieally the voesult of eatenstye
! MY ETLE capgabilinn,  This same « apaihits
l !  apically results in & high ¥ED.
3.7 S Fe : T \ A high TT impliex that most conponcits,
! i Cofumctionn, cle, v fested aod corresonembingls
1 , | & Wow number of undetectind filures rosul,
E j | Therefere FESEan also low,
65 P D ‘ 1‘“ i Fault detecton in tpdestly & reault of on lime
\ !‘ [ wolware testing, Therefore df T is dow
i : ! then 1‘" ookl alre Ine ax fow,
4.6 . D i ¥ n Ar it in 405 Fault detevrion is usually
' o svvomplistadd te - line tedting, Thevetore
l E ’ 1) 1‘., e lom then the time between tostas
E ‘ i (Fp shoukt aluo b lom,
. i |

L1

b

e by

e




TABLE £9. CONSTRAINTS WHEN SPHCIFYING RELATED FOMS (Continued)

Relnllo;;aj} !
Nurnber POV,
810 FIR (i)
CIRE i FIRAL)

;
:
%10 i AT
a1 Y3
\
1o N T
0 1% :‘l'“
|
i
s “mps
|

i
1

xawm 1w zaer e

—

FOM,

T n

MPSIL.

¥

west

MPSI

MTTR

MTTH

1
!
!
!

1

p——

o wx o=

constrmnts

A high FIR(L) ix typically the resull of exten:
sive BIT’ETE copioity . Thi capability
typically result. 1~ 2 high dwgrre of BIT/ETE
fault isolation, (herlore A ki Ty

A high FIR(L) is typically the result of exten-
sive RITZETE capability, thus 3 high degree of
foults are isolated with RIT /FTH,. This 1-pi
caliv resultx i o lower MPRL required (o main:
tan the sy + xiee fault isolation is a fune
tion oY the BIT/ETYE,

\ high FFY i tvpically the pesult of extendive
BIT CETD capnbility . The capability tyepueslly
results tnoa high dey=oe of BITETE fwolt

Casotation therefore nlow Ty

A high P s typivally the result of extensive
HIT ETH cnpability . thus & high degree of
Faults are msodsted with RIT . FTE,  This typi
vally: results inoa wowe= MIPS ) reqpudeed Lo main
tadh the syrtem simee fnult isoln fon s # fone
tiea of e BIT 'Fak,

Without any implications to the mwoun: of BT
ETU there in, o ww MPSL typieally results in
a high Ty,

S Lt chweit of MTTR GG shovis e
smalier,  Typically MTTR conwints of several
other clomental s (0., . digansembly, re
mesembily . checkout, ot Y. Therefore, T .
should e consideralily leas than MTTR.
Without any tmplbcatims to the amount of BT
€T there i, a kow MPS)L typically results in
® hiyh MTTR.
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Not only ahould the selected HIT/ZTE PO '3 v quantitatively consistent,

they sbould alse be quelitatively or intuitively consistent. For exampile, ft

was stated previously thet the specificd MTTR must be greater than the
specifled Ty, when specided together. (it is int-dtive to say that Ty

should be conslderably les; than MTTR (or vice vers1). This ix» obvious

since MTTR i» usually comprived of fault isolmion time. divassembly time,
interchange time. resssembly tirve, andd checkout ime. No spedfic con-

siraints can be deterwined for FOMs that are Gualitaiively refated. How-
ever, general guidelinos can be sst W 10 avald these types of inconsisten

cdes. Table 1* slov summarizes the conwirdnts on FOV specifications for
qualitstively related POMs,




TOANTFOGRATION OF BIT FTE FOMs WITH CURUEN T MAINTAINARIIITY
PROGHAMS

Thia scction discusses him the propaved BT FTE POMS and thel v o
priate demonstration ared anady <is ochatgues can e infograled inte fotuse smaan-
txbmbility program plane, A review of the stancanl matmtainability program of
MIC~STD-47¢ keatifies the maior tashs ax

a.  Propare maintainabiity pogenm plan,

h,  erform maintainability amaly sin,

o Proopare ingmats 1o the dedailod moumenance vmeept and dotailod

matntinanede plan,

. Fetablie nuaimtaina et s 2o critenia,

e, Pefonn deaign Oadesdix,

. Poddict naintaisala bty paranweter valines,

Ko  Ivvrpoeate amd endorvce madnbainabiiity v spuiccnems in sulnsd macton

il v etwbor oot rac? sprecific b,

he  btograte otlw s temis,

o Partiofpate in design oy iews,

b P ababliah it colledtien, Ay sis amd corrovtive activn system,

Ao Detnnstcate achine cment of nuiantanuabn ity (epcire ments,

Lo Payan muntoanibilits staitus moypets,

Tabue M sum nartzod how omen majer ek s applicable e BT BT POM
mpacifteatvions . The Goblowane «ulguar g Biscusa i detadl how cach nunor
Lank can e oo demented for T T POMa

@ Prvpart nuambainabilin PR :nlyn__ ~ the maintninabaality, prygram plan
N dkweriplive of how the contracto r intomde te comBuet the punimtainabsilin
porthm, of Vevpfets paosg e, W mesd the specifliod roguirenwests, This
s imtw o fulentify ing Ui ek G0 B sovomgrlinhes! for cacit tanh, Owe tinwe
phar g of cach Lok, onyantcational cod o stndisteative respossibn Wacs,
Aol ton aml v iivthon techndgues that ars: Go e wmsd, otes 0 AN tee
aforvmemt o) Lashs cin castly e oagpiied e T FTE FOM spucifications,
Gainabd Uty wpiieownts, Thie consiats of T iating am! allovating tw
masnba trnability s rements down oAl fanetional Beyels where agplicable,
For MY ETE FOM - cetflicationes some nethad nuset e develogudd o
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TABLE 20, INTEGRATION OF BIT FTE PRRVIRAM TASKS WITH A
\IA!\T \I\AHH iy "RU(‘:M\I

o et

. . - . e e
hﬂl.—hm-l"l' M.lm_umnhélih ‘ \ppljc.nhihh W uu ETE §
ngmn 1:ulu : Program Tasks i
el ——— 2 - At-u — e RN AR - %) e CRAREEAS edb o At v ——-
Preparc mmaum\ b"r‘unr-un ,Dinvm m\umunuu -1
Plan ‘: ;
Perforin Matntainalilits Anidy sin CHewudrea 1 moethod of ablocating regul ve-

! ments o lower levels (o e similar to
; maintainability allociations)

Prepare baguts to e Detaibed Maine - Darvet Applicability
tonance Convepd and Detutlnd
Maintenance Plan

Extabliak \Luntunabhility Iesige Raogaires guidelines for desipgring 8T FTE
Criteria AR . ter NAVMAT 396
Perform Design Truwbewds vt yplicabdlit

Predict Muintsinbilite P euncter Heguines s prndiction or ansdvsis techivgue
Vakwen rvfer te Seation 5, 1 ‘

wcorporats awl Fadonce Vunt.unabile Respiiees g mgthad of allocabing: meuioe-
I Reguirenients in Butuymbe vt uni motd < 0 ower Jovels (e k2 abwoves
Vembor Spwea fications .

Integrte (Mg Rexus Resoirvs o ethad (o combine lomer teacd
P RADWICTR O F PEPHIYMEents (xpe Lash n
LOU 3 abuovay !

Partvigate in Ivsign Reyiows CiInvet \gplivabilin

Ertablish Data Collection, \alvais, ([ Dinvet gyelicability
amd Corrective wtion Svstem

Deawwint e Vchlevenrwent of Myin- lhwir\'r Uidetnonet vation trchnigue (saxe
talnability Revpuiremonta {Section

Prepare Maimtatnabitiiv SGaus Rq-nngmwct Apprhivabdhity

allocate the BT ETE requircsments down te the Tunctiopad levels. The
allocation metludolngy should be similar o existiog ruintainabilitv. alloca-
tion technigues aml chotdd wkiress fretors such an RE Gllure rates, come
ploxity (difticultyy of BIT ETH implementation, assceciatod muintainbiit con-
atderations, and cost factors where avmilable, TN reguires an awaly als

of cach functional tevel’s RIT S TF capabilition (.0, , what degroe of B

FTF can b implenvanted {or cach furctional level) in addition to currenthy
performed rellability ami muimtainability anadvees,
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¢ 'repare digrits to the Rtadbnd mainteaanee concepl and detaile! nodnte -

M‘n~}\L\j\_ = The abieetive of thia Goak va to pomGle sugort (o the deyved -
vt of the detailad nuomtomanee coneopd and maantenanee plan, Thir
neluder an anatvein of the avallable mauntemunee rvacurees (©, g, per-
sumnel, dotumentats s, wellition, ofe. b aml the wesaa e s thag are resul sl
fa achiove the spocifiod aairtatneldiity charsceteristica, This ta k s
direstiy applivable o BT FTY specilioations,

& batahish maintainability desigm criterdd - Ths vinective of thin task is (o
catabliah and vaintain m intainab it denigm enterda,  Fatabtishing the
derigin eriterhe ¢ nnistx of defining the maintainaldlity featives o be in-
chadea! in the dewign, In vrder e meet the speciliod moamtainbility reaarives
rmenta,  Souwe caangies o Teanm pmitdelines e aceessibilitn, test poims,
Intervhioae bty il safo featires, vty Thin tash e directhy agypeli-
vable o 10t P TE FOM speclication sinec suintmimbibin Jesign gubde
wtaahlrahext Gy WEE F TE FOMS HABC-TRAIN 124, A
v A gvmal sonrve of T Y TE demagn few

Hnes can abeo e
erign asuiede for ot n boat,

tutyes ambappmsiches,
& Perforuv de-ign trubealix = Phis tac & eeqoie « the reanihuxis id doevmens

tation of anv chang: © Bt are Uw rosott of deeign tesdofts,  Yhie dso

portuns to BT FTE walve,

® Pasdict maintinbilits pacowters  Thas skl vogyures the predietine of

the guantitative maintane MOty o ters for the phanmes? desm ol
For lT FTY parametees (FOMa, e guantaadive valaes ey

um‘ !‘“‘D
A1 of thie rapart,

e prodicted uning e techntgues disuasgisd 1 Seacthw
Addiftional prodiction s th wiobamgon need o i dovelogasd (o some POMs
Welkey P\, ol FESD,
L] »l_‘lr\nnu_uﬂ‘«'r AdeY amdor e kbR Y pegut v iment s aubont meter Al
\l‘!\lh}\" rreifiedions - :l‘hht LT IUTITY PIT BEYUUICY (WTTICRY 1) ml‘\'me Mt

tadnald ity eguievioenta, on vembia ot aubeom eactor prosureed tes,

Then can alxo bw gevompliehied for IET FTE poguiiremoends by game the
ailoeationa teghnigues disouased pees foundy,

[ ] !gﬁt-gnqv \.‘dwr it ~ Thar Gisk cotriatn of ditermindng the overatl
quaantitatis o moadnladnability paramete iy ahich inehnles evormment fomshanl
g or aswee bate ot ector sapphied eoudpisent. This pa alewe gpyebi-

calde tooguaamtitadnn e TWT FTE pavametem prsyided Bt v nativa? esiats (o
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combine lower indenture level BIT ETE parmmedors into higher levels,
Titis can be accomplished by the reversr process of the allocations teah-
nigue or by uging the analysis methads that are presuntest in Section 5,1,
l‘;mcipnlg_ .‘9 design reviews ~ This task connists of reviewing the analv-
sls data to assure sccomplishment of the specified requiremenls [n appro-
priate stuges of nvatem eguipmient deveiopment.  This task 18 divectly
applicable tn the pedoede review of 8T ETE characteristics,

kstablish data collection, analvsis, and corréective action system — This
taskh consiste of cstablishisg a Jita collection sy stem such that the data
olaainend can be usd G provide fusther evidenor that the specifisd requine=
mionts have or Kave not been met, A data collection sustern establishad
for the perpeme of collecting matntainabilits Jat can be directly egueded
o inchude the collection and review of ;T FTE data,

Demunstratc achivyeins ot of mantainabluty requinements - This task

comntiste of stat stically domonstrating the achivval valuas of the maintain-
Ability pariuneters using the denwnstmtion wehmgques peovidest i M-
AT=1TY, The demwiatcation of the cuaetitative IWET FTE pacaneiers can
b ace implishad uaing Jhe techidgues diveussad tn Sectiog 5, 0 of thae tve-
pord. For many of the lIT FTE FoMs, the seecifiod maintansbility (estisy
van b eygraadad or the Jat used disecthy to evaduate BET ETY

roires wmly,

Prepare majtainability st veports ~ AU inte ovads dete vmined or ap=
pmw&l by Uw‘pr'w&‘lrrhuz Mﬂ\'it_\'. "nlnt‘uu reports shadl be submitted wh ch
provide the currmt assessmeats of the maintainabi bt parmmeters and o
athe v information pertainbng to e maintenaanet of the svstern, Thin can
be directhy pediod W T ETEY pasimeters amt T FTE oy Lt
infurmation,

y
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8.0 CONCLUSIONS/RE COMMENDATIONS

The program objectives identiflled in Section | of this document have heen
accomplished, The resulta obtained thru this study provide the necessary infor-
mation o sdeguutely specily, analyze, and demonstirate the BIT/ETF capabilitics
contained in a system/equipment, The methodologies developed are coinpatibie
with existing maintainabllity program technigues and allow BIT ‘ETE requirements
to be enstly integirated into standard matntainubility programs,

Specific results of this study imclude:

1}  The daza collection task showed that the BITETE FOMs currently
spectiled ‘used do not cover all aspects of BIT/ETE capabllity and are
ambiguous and inconsiatent. Thie study cstablishes firm delinitions of
the BIT/ETE FOMs examdned, I I8 recomimended that the established
dedinition or variation thereof be: incorporated in'» a military standard,
auch s MUL-STD-T21,

21 Muhodologivs bave beenr defined to adequately analvrze and doemonstrate
system oguipmenl BIT ETE capabiliies,  Analvais mothods consist
of rate dependent techniques, time depemdent techaigues, combined rate
) the depemlent techadgues, amd current maimtalnability analyais
technigues,  temonstration methodn convist of statistical demwnstiations
using a Linomial diriribation, & multinemial distribation, and current
maintainability demonstration technigues,

95 A wehnigue was developwsd o methwaieally geleet twe BIT ETE FOMs
that shoukl appear in a system/oquipment specification bared on Uwe
desirad svatem ‘oquipment objectives,  Along with the Jeveloped tech-
mguy, guidehnes have been preseatod to aid the user i specifyving
mamcrical values for the BIY FTE FOMs and constraints that must be
followuvd whun specifying related BUT FTE FOMy,

4)  [hir study provides e necessary tools required to integrate the de-
finsd BITZETE FOMs Inw standard malntainabllity programs.

The results of this study provide the foundation for the conslrtent speeificn-
tion ant verification of effective BIE/E 'Y FOMs,  Faharcement of the provided
capabilities is recommended by further studies by the following areas,
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False Alurme — vostigate snd analyvee t o cavses of false alarms,
specifically deift amd notxe related eoffects, Develog nicthodologics for
the anmlysin of false alarme Inelinding froqueacy of ocenrrvmee amd
(actorn affecting thely occurremee,  Develop techidgues for phvateally
demonstrating false alarms foeluding induceme»t, stimulation aml ‘or
moxte hing.

Automated Clreult Analyst: - Invextdgate (he currest nicthodologies
avallable for antomated [computerizedi clrcutt snutvais,  Compile the
availuble technigques and develop tew techndguer ar noeessary (o per-
form automatod analyeis of circults relative W oat-of - tolerance comdl -
tions, transient conditions, fallure modes and offeets, amd umbetected
(aliures. These amnlvees could be divectly applivd to the oviduation of
BIT/YTF FOMr such ar FFD, FFA, and }FSL

Coat Tradeofte - The evaluation of BIT FTE FOMe presented in
Rection 1 amd the guideline for the actection of gpectficatbon of these
FOM= prosented In Section 6 have purposcly avolded cost relationshipa,
The subjeet of cost is a signiffeant factor (o the selection amd implemen-
tation of BIT/FTE, bt the analvsis of cost is as involved ax the enifre
atudy of BIT/FTE, Flrst, cost must be deflndd o0, 8o, design cost,
rocurring prodikction costs, nonrvearremt costs, Wle eyele cost, dawn-
mentation cost, asgeciated matntenance manpeower corts, vte, . Al
vust s delined (and the detinitions are ar vurtod ar the aydtom for which
the doefindtions are made), (t must ihen be velated o RIT Y TE chanae-
wristies, For example, fault inolation resolution to a single B1 9 per-
cont of the time for one mitlion doblars in destpn cont, Is equivalent to
isolnation to a single RU 20 percent of the tine Jor half & wmillion dollars,
Such an equivalent must consider #th related factors such as minsion
vreticahty, wpares avedlability, personnel skill levels, support wguip
ment, et . The developruent of tvprerl PLE FTE FOM amd cont rela
tionakips and gquantitative iterrciationships bedween BET B TE FOMe
wonld provide ®overy usctul teadeoft o hmigue for the seleetion ami
specification of HOMe,

. JTEUU W

%

A




G.

7‘

v,

1,

AR

12,

13,

1L

15.

16,

BIBLIOGRA PHY

Angug, J, E., Schafer, R, F., "Statistica) Demonstration of Faudt
Isolation Requirensemta™, submitted to IEEF Transactions on Reliability,
April 1970,

iriswold, G. H., Retterer, B, C., Balaban, I, S, Mitsopsulas, A, C,,
Muintxinubility I'nediction and Dentonstration Technigues, June 1970
(RAIXC - TH-T0-89; AD RT2KR7T1.

Hoel, Paul G, ntroduction to Mathemative) Siatisticy, 4th Ed., John
Wiley £ Song, New York 1971,

MIL-1-5400R, Flectronie Equipment, Alrborme, tieneral Specification bor,
31 October 1975,

MU E- 1640006 (Kavy, Electrunic, Interim Communicativn and Navigation
Bguipricnt, Naval Ship and Shorv:  General Specuication Yor, 24 Febru-
ary 1966,

MIL-HDBK-472, Maintainability Pravdiction, 24 May 1960

AML-STD- 13098, Dolinfyon of Terme For Tesl, Mgwsurvment and
Disgnoativ Fguipment, 30 May 1475,

MIT-STD- 13908, Lovel of Repair, | Iecembor 1976,

MIL-STD-1591, On-Atrcraft, Fuult Disgnosix, Sub-Syxwm, Amlsts’

B S T

MIL -STD-415D, Test Provigions for Electrunic Systems and Assoclated
Equipment, hesign Criterin For, 1 October 1963

MIL-XTD- 454D, Standard General fiequirements For Elcctronle
Yquipment, 16 March 197K,

MIL-STD-470, Maintainability Program Reyairements (For Systems
ad Eguipmentas, 21 March 1966,

MIL-STD-47IA, Maintainabllity Verffication Demonstration bvaluation,
27 Muarch 18973,

MIL-¥TD- 7218, Definition of Effcctivenves Terms for Reliabiliy,
Meinwinability, Human Factors, Safety, 10 March 1970,
MUL-STD-TRIR, Reliability Teats: Exgwoneinl Distribution, 15 Novembaer
1967,

Navrl Alr Systems Command, Mintainability of Avien'vs Equipment nnd
Systema, General Reguirements For, | danuary 1969, (AR-10A.

L




i

] ;

1 17, NAVMAT-3960, Buili-in Test (BIT) Deaign Guida, 1 July 1978, s

: 18, Pliska, T, F., Jew, }. L., Augue, J. ¥., Maintainability Prediction }

and Analysis Study, Hughes Alrcermft Compary, Fullerton, California, )

July 197% (RADC-TR-TR-16%,, (AD ADS9 753 :

19, Postewsite, C. W., et. al., A Quide to the Agplication of Bullt In Teet b

3 to Navy Aviosic Equipinesi, Arinc Reesarch Corp., February 1968 !

(AD 5376941, ‘
"




APPFNINX A

A1 BINOMIAL DISTRIBUTION TABLES FOR STATISTICAL
; DEMONSTRATION QOF FFD, FF1 AND FEF1
The following tablis provide the probsbititics of passing the demonsira
tion tests described in Sectfon 3.2.1. The ‘ables presemted ate for a pre-
' sentative sample of test stalistics. That ic. the tables presented are tor
samples siges of n = 20, 29, 30. 38, &. 45, 30. &, 70. 80, 9% and 100, and
pass /feil criterion (for each n) of k - 0.60n. 3. 80n+1, ¢.90n*2, ... n-1.
Usage of these tables are described In Section 5.1, 1 of this repo?t and in
Section A.2 of this appendix.
The values presented in the tables were computed wving the following-

n
i -1 A
A ) Z Pi-p" "1
: i kel
where:
n = amnple size,

K = pasn (el criterdon,

P = the true value of the FOM betng demonsteated (0f the type discassed
in Section §.2.1.1Y,

the provatdlity of pmsing the demonatration test if p fa the true
value of the FOM twing demonstrated (of the type discussed in
Section 5.2.1.1,

The producer risk i given by - 1 y(p,) where p, is the design gual,
and the consumer Mok & is given by ¢ Vip)) where A in the minlmum

acceptablic,

"~

v(p)

Case 1@ n, py. £ known, k s Py muat he determinedt (assuming » remson
able value for 1, sny 1+ ¢ ),

Step 1| Example the tablex in Appendix A for those cases whore sample
size I8 n,

Step 2 Fad the value of k (i.0,, pass () eriterion) for which the tabile
wntry (.o, . "probability of passing the test ) corresponding te
Py e, py an the (rue value of p) ic cliosent to the deaired .
This (2 the value of R required snd the table entry correspond
ing to p) i the exat value of g,

”

-




Ntap 3

For the n given amd & determined {0 Step 2, search the tabite
worrespavinling (o sample size n and pass, fal! eritedon k for the
entry (oo, "probability of paseing the test™) squnl (interpoln
tion may e nevvssary) o | w. The correspoinking teue valuw
of p in the requieed Vo {for thoe assumed 1Y,

Case 2: 8. 1y 2 g AL Knowin, nosiid k muat be determined.

Step )
Step 2
Sltjt |

Step 4

Uompute » first approxicistion to noudng cquathon $,2.1. 1,8,
Compute n firxt spproximstion o k using egquation $.2.1,1.7,
Enter the taivde In Appendix A torrespomding (o & cample size of
P oarwd pans fedl criterdon of k. Rewd the exact value of « from
the table entry {i.v.. "probabiility of passing tesi™) cor-espuomd
fng to g e, pyoae the true valie of p) o Compute thwe exmt
value of o re ot minus thie table eatey corresponding to py,
.o, Py #e the true valoe of ).

Compare Hw exmel values of 00 with the originel values of 4,
¢ 1 they ame choee poough (here, “ohwe cmoongh™ Ix determinesd
LY user preference) . the tert is delermined By using the values
of 0wt kodeterminet in Meps Eamd 20 1 the exact values of
4,6 are mit cloar enough to the ariginel valuee of o, ¢ . then
vary k smdfor o (Csually incrcase n) slightly skt repe st Step 3,
Continve until the exnct values of ¢ are chime enough to the
originat values of . ¢,
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APPENDIX B -~ MIR(L) DEMOMNSTRATION TEST PLAN EXAMP LAS

Tebles B-] thrwgh B-$ coutaln sxasapies of the statistics!l demonstration
teshaiqges desctibed for FIR(L) in Section §.3.3. A deecription ow how e test
plans were doveloped, aad how 1 use the demsonatratica test plans is contalincd
in Sestion §8.8.2.
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TABLE B-1. EXAMPLE ! OF A DEMONSTRATION TEST PLAN FOR FIR(L)
Design Goal Values:
FIR(L1) = 0. 9000
FIR(LY) = 0. 9500
FIR(LY) = 1.0000
Mindmusa Acoeptabls Valuge:
MR(L1) = 0.0800
FIR(L2) = 0.9300
FIR(LI) = 1. 000
Prespodified Consumer Risk (Beta): 0.1000

Cosfficdient in Test Statistic:

0.03716 -0.47000 -0.33641

Sample Sisc Exact Beta FExact Alpha Pass /Fai] Valuc
50 0.0881 0.6353 0. 8943
™ 0. 1016 0.5408 0.9139
70 U.0988 0.5158 0.9219
” 0. 0904 0.5019 0. 8206
” 0.101% 0.4409 0.9118
100 0.0960 0. 4259 0. 8986
110 0.1011 0.3790 0.8760
120 0. 0838 0. 3870 ’ 0. 9508
190 0.009 0. 3202 0.8214
140 0.0%24 0.3180 0.7084
180 0.0971 0.2088 0. 782!




TABLE b-2. EXAMPLE 1 OF A DEMONSTRATION TEST PLAN POR FIR(L)

Design Goal Velues:

g FIR(L]) = 3,900

3 FIR(L3) = 0.9%500

PMIR(L3) = 1.00800

Mindmus Acceptobla Values:

. FIR(L1) = 0.8300

’i‘ FIR(L2) = 0.900

i FIRCLY) = L. 000

Preapecified Cunsumer Risk (Beta): 0.2000 o

Cosfficients in Test Stetistic:

0.08716 -0.33847

Sempic Size Exact Beta Pess /Fall Value

) 0.1989 2.3603
w 0.2039 . 0.3388
10 0.2137 0. 907
0 0.19¢8 0.2%48
%0 0.2034 0.2014
108 0.3001 0.1341
1o 0.21% . 0.0913
120 0.1961 ¢.0374
0 0.194¢ -0.0251
1% 0.2030 -9.0
150 0.20587 -9.1872
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TABUE B-3. EXAMPLE 3 OF A DEMONSTRATION TEST PLAN FOR FIR(L)

Design Goal Valuass:
F(R(L1) = 0.9890
FIR(L2) = 0. 9900
FMIR(L3) = 1.000
Minimum Acceptabl Values:
- FIR(L1) = 0. 9000

b FIR(L3) = 0.9400
§ FIR(L3) = L.0000

Prespecified Consumer Risk (Beta): 0.1000

Coslficients in Test Statistic:
¢.05407

-0.28768 -1.008861

Saemple Sise Exact Beta Exact Alphs Pasa /Fail Value
$0 0.09m12 0. 4381 1.08%9

0 0.0949 0.2777 1.0392
79 0.089% 0.3377 0.9
» 0.0938 0.27%7 0.8017
0 0.089 0.2432 0.1978
100 0.0912 0.2025 0.69%3
110 0.03%8 0.1630 0.5709
130 0.0076 0.1340 C.4587
130 0.0947 0.1161 0.3308
140 0.0832 0.09¢7 0.1968
180 0.0%42 0.0812 0.u874




TABLE B-4. EXAMPLE 4 OF A DEMONSTRATION TEST PLAN POR FIR(L)
Design Goal Values: 3
FIR(L1) = 0.9%680
FIR(L3) ~ 0.9900
FMR(L3I) = 1.000
Minimum Acceplable Yalues:

FIR(L1) = 0.9000
FIR(L2) = 0, 0400
FIR(LY) = 1,0000
Prespedified Consumer Risk (Beta): 0.2000

Coefficients in Test Statistic.

0.03407 -0.28768 -1.09861
Samwpic Sise Exact Beta Exact Alpha Pass /Fail Value

3¢ 0.1%¢ 0.2139 0.2187
60 0.2110 0.179%8 . 0.0889
70 0.3101 0.138¢ -0.0868
)] 0.2184 0.10%7 -0.32091
%0 0.202¢ 0.0970 -0.3698
100 0.1859 0.0814 -0.5374
110 0.1081 0.0850 -0.7100
120 0.2034 0.0408 ~1. 8808
130 0.1034 0.0392 -1.7023
140 0.203% 0.030% ~1. 3504
180 U. 2048 0.028 -1.4199
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TABLR B-35, EXAMPLE 3 OF A DEMONSTRATION TEST PLAN FOR FIR(L)
Denign Ooal Valuee:
FIR(L1) = 0. 0000
FIR(L3) = 0.9000
AR(LI) = 1.0000
Minimum Acoeptable Values:
FIR(L1) = 0.7000

FIR(L2) = 0.9780
FIR(LI) = 1.0000

g

Prespetified Consumer Risk (Beta): 0.1000
Confficietits in Test Statistic:

P D I i o o il

-

0.1338) -0.559812 -0.2231¢
Sample Sim Exact Bets Exact Alpha Paan /Fedl Value

' 30 0.0889 0.3557 0.8126
0 0.0813 0.2970 0.7319

' T0 0.0810 0.2373 0.¢216
: > 0.1088 0.1692 0. 4984

: 0 . 0.1018 0.1434 0.3621

o 100 0.0958 0.1219 0.3156

s 110 0.0910 0.1051 0.0806

. 120 0.1048 0.0726 -0.1020

: 1% 0.0992 0.0620 -0.2712
10 0.080) 0.0538 -0. 4402

150 0.1018 0.0387 -0.82684
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TABLE B-6. EXAMPLE 6 CF A DENONSTRATION YEST P

Deglgn Goal Values:

FIR(L1) ~ 0.0000
FIR(L2) = 0,900
FIR(L3) = 1.0000

Minimum Acceptabie Valuee:
FIR(L1) = 0.7000

FIR(L2) = 0. 8750
FIR(LI) = 1.0000

Prespecified Conaumer Risk (Beta): 0.2000

Couflicients in Jest Statistic:

0.13353
Somple Sime Exact Bata
50 0.2215
) 0.20%0
70 0.1892
20 0.2184
1] 0.104
100 0.2045
110 0.2049
120 0.1014
13 0.207¢
140 0.1934
180 0.2005

-0.85082
Exact Alpha

0.1815
0.135¢
0.1158
0.0745
0.0841
0.0478
0.0362
0.032
0.0207
0.0181
0.0120

PLAN POR FER(L)

-0.22314¢
Poss /Fall Value

-0.0188
-0.1897
‘0-”2'
-0.5058
‘0..7“7
~0. 9742
-1.1873
-1, 4634
~1.0878
-1.080
'2!“.’3




APPENDIX € ~ INDUSTRY SURVEY DA FA

The tablos Hated on the folloming peger summarize the dath rueived thirough
the tnduntry survey {see Section 2,4y, The teblos are arngnieed by FOM in the

following order:

Tuwble C-1.
m (."-3‘

Table C-3,
Table C-4.
Table -5,
Table -6,
Table C-7.
Table C-#,

T FD - pervent of fmulix detectuod by BT ETE (analogous e FFDY
FAR/FSI ~ (rlne alurny vate and/or telae steius ladieniions
(analognus W FFA and FESH

FIAL ~ fauldt Isolntion ambiguity level (wnswlogous vo ETR¢EN

TF - pereent of full isolation with BIT ETE (analogous tn FEY
SYS MTRBRE - gvstema MTRY

MP&L « maintenancy peveomiel sblil level

B E Rel ~ BIT ETE reliability (enulogous to M‘l’l!}'“ ‘,}:)

BEWAT & VOL ~ BT ETE welgh volume \mnalugous w

phyeical anmournt ‘gite Ve

The atbrev ations and cades uaed In the tablos sre:

I COMPANY - denotes the compmny thet the survey war recvived from,
Compantes were denoted by numeials onty.,

I BQUIP - denctes the eguipment t e the FOMS Bave been exgee riemsced on

AV — avionic cquipmen

Mi - migniles

GRD — ground elecinomte vgutigaaent
SUP - shigbuerd cquipment

OTH - other

9 EXPERIENCE — these volumns denute the sarveyod company 's ¢xgreriemee
with the FOM. A chock mark denotes that they have had cxperivnee with
the FOM o v of the fulluvwing arvas;

SPEC = thru speci{icalivne
ANA ~ thru analy sis
DEMQ — thru demonatiation

4 SUITABILITY ~ thewe columne denote the scares given for awch FOMs
suitability factor, The sulability fuctors sre:

TRANS - transiatability
TRACHK - trackability
DEMO - demonstrability
AMBIG - ambigulty

GEN ~ gonerality

CONT - cont

AVE - the average avon:
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TABLE C-3. YOM: FAR/FS1 (Conﬂuod)
1 i ) m"""»‘&“’" 8 ) wnanun o T

’ .
company | sewp [arsc | amar | bewo | rmane | Tinex | oewo | anme | cex [ cuet T ave '

@ o
®a &
X

,.___fﬁg_h__g,_,_v_f__,‘

» o
e
00“
-—

v bbb o L. E
Siuda e e badat
v " '\" 4 I L

— {%.-‘. . J, - . - NS

] L]
S S Y
4 i s
e __-_..__+
l .

;
| |
. .v ] ?
T o ! . v . . - IL O

TN Mt 0 e 31

A s 32 oD A Lo L e




OM: FIAL

TABLE C-J.

EXPEMENCE

COMPARY | SQUIP| SPLEC | ANAL | DEMO
AV

| a _ | |
_MH lll&l.hf....-"' «615- - )
— i n i
R R R LI
m -t v mid @Ol e
! )
{]ELITI:?\thAi b A . - - - —
5 '
.O.I-l-ll-.........‘ = 2 1+ B sw
‘I.LT(ll.VItIrA":lnh B I S - -
,ﬂ”m ' :
w_nlllll.b..!iﬁui * 58 » »n -
|
B 4
e e o S e — . & - - 1 -

1
4

llkllt...!.!fl...lul
-t oy o9 . .

T‘,y uw.-.va‘x».»wu. S S

c .
lilll”‘lllS'.CTll...aS.o
= .
- N - .mf o s -k A w . .
2 P
m_llll.IwS‘llll.tTS&.. '
Bl "y h )y O e SRS S 3 —
? ”
i . ;
b . . i
. 1 » ) .m._- E] a » ._.“. . N T .
: . |
. ; :
i 'i s - - . - . 3
i H y i 4m.| !

[ .VV...JH.MV..PJVV

L L e e e

Bivin o ™ 2 0 6.0 v

L 3 |0v- - — > e - -—
T B M B » % 2 2N

» 2 . - - » e

- » 1 L ] » B wm 9 v

L3 Rl + - + » e e e e i
TR ™ SV S-S - ” W B N = T

L S . + - - B
" ~o» . ‘ »~ = = S = @ 3
* -~ . . A - B e T e i ]

. s
v W M A M - st M 1 B W e 2B 3

T e e e e ]

156

- ey it
0 A .
SO POt WS VS

m
i
4
__.
m
|




[ ST TP

i
E

SUTANLNY

COMMNY | RQUIr | spuc | AMAL | DEMO ) TRAME | TRACK | DEMO | AMmu | GEX | cusT | AVE
]
L]
e
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B/E WT & VOL (Comtimasd)
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LIST OF ACRONYMS AND SYMBOLS

-1

MTBFR/E
MTTR
l‘f‘!‘llg/‘z

-

Np/E

.miaumy

| BIT/ETE avallability

bailt-in ter”

bullt-in tcat and/or oxieraal teot equipment
bullt-in test and/or exterwal tost equipmend
erroarous fault isolativa rate

external test equipment

frequency of HIT/ETE executivns

fraction of erroneous fuult isolation results

. fraction of faise slarms
. fraction of fauits detected by BIT/ETE

{raction of all {aults detecled by B4T/EXE
fraction of detactable faults detected by BIT/L LK

| fraction of [auits isolated by BIT/ETE

fraction of {alse pulle
fraction of [alse status indicutions

Lault isolation resolution
t fraction of memory stlocated for MT/ETE
' figure of mer{t

false pull rate

Government Industry Data Exchange Prugiam
- line replaceable unit
. repalr Ume of the ith aystem component

repalr time for the kth BIT/LTE componemt
maistensnc? persoans] skill level

' mean-time-betwesn-{sllurcs

BIT/ETE reliability

medn-tme-to-repair

BAT/ETE maimainability

the quantity of BIT/ETE test routines
quantity of BIT/ETE hardwire cumponests
mambe r of componsats {2 & system
sumber of Ris in the aystem
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LIST OF ACRONYMS AND SYMBOLS (Continued)

Acrong;;n/Symbol Definit{on

QBDF quantity of faults detected by BIT/ETE

QRIF quantity of BIT/ETE indicatec failures (QBIF = QFA + Qppy)

QEFIR quantity of erroneous fault isolation results

QF quantity of all faults

QFaA quantity of false alarms

QFD quantity of faclts detected by any means

QFIR quantity ot fault ieolution results

QGRI1 quantity of good Ris removed

QIB quantity of faults isolated with BIT/ETE (QIB < QBDF)

QL quantity of detected faults isolated to <L Rls by BIT/ETE

QNBDF quantity of faults that are detectable but not by BIT/ETE
(QNBDF = QFD - QBDF)

QRR quantity of RIs removed

QUD quantity of undetected failures (QUD =QF - QFD)

Rl replaceable item

RMA reliabilitv/maintainability /availability

S the average fault isolation group size

Tg mean BIT/ETE running time

Tp, running time of the ith BIT/ETE test routine

TrD mean fault detection time

Tyy mean fault isolation time

TT test ‘horoughness

a produce risk

B consumer risk

Y the rate at which transients occur

6 the rate at which out-of-tolerance conditions will occur

A BF the failure rate of the jth BI'T/ETE component that resulis in a
false alarm

AB/E fallure rate of the BIT/ETE hardware

AB/E g failure rate of the kth BIT/ETE hardware component

)\Dt fatlure rate of the ith component that {s detectable by BIT/ETE

Ady fallure rate of the ith component associated with the denominator
of the defined FOM ’
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LIST OF ACRONYMS AND SYMBOLS (Continued)

Acronym/Symbol Definition

AEFY failure rate of the ith component that results in an erroneous fault
isolation result

)\11 failure rate of the ith comnponent that is isolata%:ic by EET/ETE

A\f failure rate of the ith component

Aj failure rate of the jth RI or unit

ALKJ' fatlure rate of the jth RI associated with the L, fault isolation
resolution level _

Ani failure rate of the ith component sssociated with the numeorsier o
the defined FOM

ATy failure rate of the ith component that is tested by BIT/ETE

AUD; failure rate of the ith component that is undetectable by any means

’\UDj failure rate oi the jth RI or unit that is undetectable by any means
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