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FOR EWORD

The purpose of this Maintainability Prediction Handkmok is w familiarize

project managers and design engineers with current maintainability pre-

diction procedures. To achieve this objective, particular care has been
exercised in selecting and including only those procedures which are currently

used in predicting the maintainability of equipment and systems. The hi@-
lights of each maintainability prediction procedure are presented m a clear,
lucid and irttell igible manner and include useful supplementary information
applicable to specific procedures, using the following format.

1.0 GENERAL

Philosophy, Assumptions and Summary

Applicability

Point of Application

Basic Parameters of Measure

Information Required

Data Basis

Correlation Between Predicted and observed Values

2. () ANALYTIC KXJNDATION

3.0 APPLICATION

This type of presentation facilitates reference to all or to only those parts of
a procedure whfch are of particular interest to the user. For example, the
manager may be interested solely in the non-technical aspects, such as:
Point of Application, or Applicability. Conversely, the engineer, may con-
centrate on the technical aspects only, such as Analytic Foundation and
Application. Thus, through the use of this handbook, maintainability

engineers, working with a new development, can select the most applicable

maintainability prediction procedure for a specific equipment or system.
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Prediction facilitates anearly Assessment of thematurity of the maintainability

design and enables eariy decisions concerning the compatibility of a proposed
&sign with specified requirements or the choice of better alternatives.

The maintainability prediction procedures I and III are applicable solely to
electronic systems and equipments. Proccdurcs II and J\’ can be used for
all systems and expnprnemts. in applying procedure II to non-clectromc

equipments the appropriate task times must be estimated.

In conclusion, the use of this hardbok facilitates the desi~, development,
and production of equipment and systems requiring a high order of maintaina-
bility.
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.,.
Ill



MIIm HDBK-472

24 May 1966 -

TABLE OF CONTENTS

Page

INTRODUCTION

The Need for blaintainability Prediction
Definition of Maintainability

Basic Assumptions and interpretations
Elements of Maintxiinability Prediction Techniques
summary

MMNTAINABILITY PREIXCTION PROCEDURES

PROCEDURE I

SECTION 1.@ GENERAL

1,1 Phi losoph!, Assumptions and Summar.v

1.2 Appl]cabjlity
1.3 Point of Application
1.4 Basic Parameters of h!easure
1.5 Information Required
1.6 Data Basis
1.7 Correlation Between Predicted and Observed Values

SECTION 2,0 AN.+ LYTJC FOUNDATION

2.1 Structure of Time Elements in “Fix” of Malfunction
2.2 Elemental Activities

2. 2.1 Assumptions Relating to Elemental Activities
2. 2.2 Major Characteristics of Elemental Activities

2.3 Synthesis of Time Distributions
2.3, 1 Modes for Synthesizing Distributions of Time
2. 3.2 Cumulative Time Distributions and the Monte Carlo

Method

SECTION 300 APPHCATION

3. I Preliminary Procedure
3.2 Steps of the Prediction Procedure

1-1

1-1

1-1
i-l!
1-2
l-~

}-2
1-3
1-4

1-4

1-4
]-12

1-14

1-14
1-16
1-16
1-17

1-19

1-19

-



MIb~BK-472
24 hhy 1866

TABLE OF CONTENTS (Continued)

Page

ADDENDUM A CALCULATION OF THE PRO134BIXJTIES OF

OCCURRENCE OF ELEMENTAL ACTMTIES

ADDENDUM B DEFINITIONS OF MAINTAINABILITY TERMS

PROCEDURE II

SECTION 1.0 GENERAL

1.1 Philosophy, Assumptions and Summary
1.2 Applicability
1.3 Point of AppU cation
1.4 Basic Parameters of Measure

1.4.1 Corrective hlaintenance (Part A)
1.4.2 Corrective Maintenance (Part B)
1.4.3 Preventive Maintenance (Part B)
1.4.4 Active Maintenance (Part B)

1.4.5 Maintainability Index (M1)
1.5 Information Required to Apply This Procedure
1.6 Data Basis
1.7 Correlation Between Predicted and Observed Values

SECTION 2.0 ANALYTIC FOUNDATION

2.1 Basic Considerations aad Definitions
2.1.1 Applicable Maintenance Taska
2.1, 2 Applicable Flmctional Levele
2.1.3 Replaceable Item

2. z principles of the hiaintahability Prediction Rocedure

SECTION 3.0 APPLICATION

3.1 PART A Corrective Maintenance Rediction Procedure
3.1.1 Maintainability Prediction Durtng Final Design Stage

3.1.1.1 Prediction Procedure
3.1.1.2 Determining Functional Levels of the

Equipment or &stem
3.1.1.3 IMermin!ng Functional Levels at wMch

Maintenance Features are Effective

Al-37

AI-44

2-1

2-1

2-2
2-3
2-3
2-3
2-3
2-5
2-5
2-5
2-6
2-6
2-7
2- ‘7

2-8

2-8
2-8
2-9
2-1o
2-1o

2-11

2-11
2-12
2-12
2-12

2-14

-. v



MI& EDBK-472
M May l@36

TABLE OF CONTENTS (Continti)

3.1.1.4 Prediction

3.1.1.5 Obtain@ Predicted htntnia.inabili~
Pammeters

3.1.1.6 Calculations

3.2 PART B Active Maintenance Predction Procedure
3.2.1 Corrective Maintenance PredictIon
3.2.2 Preventive Maintenance Predtcflon

. PROCEDURE III

SECTION 1.0 GENERAL

1.1 Philosophy, Assumptions and Summary
1.2 Applicability
1.3 Point of Application
1.4 Basic Parameters of Measure

1.4.1 preventive Maintenance
1.4.2 Corrective Maintenance

1.5 No=&non RuwIred
1.6 Data Baei~

1.7 Correlation Between %edicted and observed Values

SECTION 2.0 ANALYTIC FOUNDATION

2.1 Determination of Sample Size N
2.2 Derivation of Equation for Sample Size N
2.3 Task Sample

2.3.1 Task &llllpU~
2.3.2 Task Sample fk?lectlon Technique

2.4 Application of Check Llsta
2.5 L1.nsar Regression Equation for Downtime
2.6 Maihemittlcd Relationships of Maintenance Times

SECTION 3.0 APPLICATION

3.1 Gene-l Approach
3.1.1 Determination of Sample Size
3.1.2 *p-by-Siep Procedure for Calculating Sample Size

Page

2-15
2-26

2-26

2-27
2-27
2-29

3-1

3-1

3-1
3-2
3-2
3-2
%3
3-3
3-3
3-3
3-4

3-5

3-5
3-6
3-9
3-9
3-11
3-11
3-12
3-12

3-14

314

3-14
3-14

Vt



TWL-HDBK-472
24 May 1966

TABLE OF CONTENTS (Continued)

Page

3.2 Sb?p-by-Stap Procedure for Calculating Task Sample
3, 3 Step-by- Step Procedure for Performing Ta 8k Prediction
3.4 Calculstio~ of Maintenance Indices

ADDENDUM A DESIGN CHECK LISTS AND SCORKNG CRITERIA

CHECK LIST A - SCORKNG PHYSICAL DESIGN FACTORS
CHECK LIST B - SCORING DESIGN D] CTATE& FACILITIES

C7HECK LXST C - SCORKNG DESIGN DICTATES-IWI.NTENANCE

SIULN

PROCEDURE IV

SECTION 1.0 GENERA L

1.1 Philosophy, Assumptions and summary

1.2 Applicability
1.3 Point of Application
1.4 Basic Parameters of Measurement
1.5 Information Required
1.6 Da* Basis
1.7 Correlation Between Predicted and Observed Values

SECTION 2.0 ANALYTIC ,“’OUNDATION

2.1 General
2.2 Theoretical Considerations

2. 2.1 End Kern Identification
2.2.2 qeratiunal Ihtnctton
2.2.3 Coi”rective Maintenance Action Definition
2.2.4 Ma Ifurction Detection Analysts
2.2.5 Prevcntite Maintenan& Task Time Analysis
2. 2.6 Corrective Mai,,tenance Task Time Analysis

2.2.7 Tots? Maintenance Task Time Analysis
.

SECTION 3.0 APPLICATION

3-16
?-IF

3-30

A3-33

A3- 33
A3-47
A3-!i2

4-1

4-1

4-1
4-2
4-2
4-2
4-2
4-3
4-3

4-3

4-3
4-7
4-7
4-7
4-7
4-8
4-8
4-9
4-12

4-14

BIBLIOGRAPHY

vii



MIb HDBK-472
24 May 1!466

LIST OF ILLUSTRATIONS

1-2

1-3
1-4
1-5

1-6

1-7
l-b

1-9

1-1o
1-11

2-1

3-1
3-2

3-3

Table i-ieadmg

List of Categories and Elemental Acttvtties of .4ctive

Repair Ttme

Fitted Dlstrlbutions for Complet~on Times for Elemental
Acti\’ities

S}-nthesis of Time Distributions
Parameters of Distributions of Elemental Activities
Proposed Format for Determining the Cumulative Time

III stribution
Frohability of Completing Eiemental Activity of Final

Malfunction Test by Designated Time
Combining Matrix for Active Repair Time S.ynl.hesis
Observed Distributions of System Final Test Time and

System bgistic Time
Combining Matrix for System Down Time Synthesis
Occurrence Probability Functions for the Elemental Activities
System Readouts

Average Parts Failures per Part per 106 Hours by Part

Category
Maintenance ‘Task Times
Interchange Time
Element Times Based on the Work Factor System
An Example of the Use of Element Times for Determining

Interchange Time

Part Class Failure Distribution and Sample Size
Task Prediction, R-7801

Maintenance Analysis, R-7801 /FPS-20

Page

1-13

!-!5

1-20
i-24
1-27

1-34
AI-36
AI-43

2-18

2-20
2-23
2-24
2-25

3-17
3-23

3-24

.,.
Vlll

—



.-

MIL-HI)BK-472

24 May 1966

LIST OF ILLUSTRATIONS

-—

Figure

A

1-1

1-2
1-3

1-4

1-5

1-6
1-7
1-8
1-9
1-10

2-1
2-2
~- :

2-4
2- 5
2-6

3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-B
3- fl

3-1o

4-1

4-2
4-3
4-4
4-5

Figure Heading Page

Comparison Matrix of hfaintainabilit~ Prediction Procedures
Distribution of Malfunction Active Repair Time for the

AN; ASB-4
Distribution of System Down Time for the AN/ASB 4
D~stribution of Malfunction Active Repair Time for the

ANr ARc-34
Distribution of System Dow~ Time fcr the AN,; ARC- 24

Distribution of Malfunction Active Repair Time for
the MD- 1

Distribution of System Down Time for the hlD-1
Structure of Time Elements in “Fix” of Malfimction
Distributions of Times Required w Perform Repair Actions
Resultants Synthesized From t a, t~andtc
Probability of Occurrence of System Logtstic Time

4
1-5

1-6
1-7

1-8
1-9

1-1o
l-lx
1-18
1-18

1-33

Functional Level Diagram of a Typical Communications System 2-13
Worksheet for Final Design Maintainability PredictIon 2-16

‘~ui-ktdleei A 2-32
Worksheet B ?-33
Worksheet C 2-34
Worksheet D 2-35

Comparison of Population ar. rl Sampling Mean Distributions
.Sample Size Nomograph
Maintainability Prediction Form
Maintenance Analysis Continuation %eet
Maintenance Diagram AN/GRT-3
AN/ FPS-20, Transmitting System
Amplifier-Mixer, AM-1347 /FP&20

Expanded I’iew, Plate Power Supply
Plate supply, Block Diagram
Nomograph - Downtime

3-8
3-1o
3-19
3-20
3-21
3-26

3-27

3-28

3-29
3-32

Procedural Flow Block Diagrnm 4-6
Related Constraint Matrix 4-14
End Item/Corrective Maintenance Action Matrix 4-15
End Item/Preventive Maintenance Action Matrix 4-16
End !tem/Operational Functional Matrtx 4-17

ix





MIL-HDBK-472

24 My 1966

INTRODUCTION

MAINTAINABILITY PREDICTION

THE NEED FOR MAINTAINABILITY PREDICTION: The prediction of the eqxxtecl
number of hours that a system or device will be in an inoperative or “down state”
while it is undergoing maintenance is of vttal importance to the user &cause of

the adverse effect that excessive downtime has on mission success. Therefore,
once the operational requirements of a system are fixed, it is imperative that

a technique be utilized to predict its maintainability in quantitative terms as

early as possible during tic design phase. Thi B prediction sho~d be u~~d
continuously as the desi~ progresses to assure a high probability of compliance
with specified requirements.

A significant advantage of using a maintainabili~ prehction procedure ia that

it highlights for the desi~er, those areas of poor maintainability which justify
product improvement, modification, or a change of design. Another useftd
feature of maintsinabi lity prediction is that it permits the user to make an early
assessment of whether the predicted downtime. the quality, quantity of personnel,
tools and test equipment are adequate and consistent with the needs of system
operational requi rem ents.

.-

DEFINITION OF MAINTAINABILITY: Ml bSTD- 77 ?i wimes maintainability as
foIlows :

$lM~n~n~i~ity is a characteristic of

design and installation which is expressed
as the probability that an item will conform
to specified conditions within a given period
of time when maintenance action is performed

in accordance with prescribed procedures and
resources”.

This definition has fostered the development of many maintainability prediction

procedures for providing an assessment of system maintainability. Each of these
uses various quantitative measures to indicate system maintainability. However,
all of these measures have a specific relationship to, or constitute some element
of the distribution of total system downtime. Hence, if a universal method or

technique can be developed to determine the “Total System Downtime Distribution”

for any type of system, this would facilitate calculating the measures of maintain-

ability currently m use.

.
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BASIC ASSUMPTIONS .4ND INTERPRETATIONS: Each maintainability prediction
procedure included in this handbook depends upon the use of recorded reliability

and maintainability data and experience which have been obtained from comparable
systems and components under similar conditions of use and operation. It is also

customary to assume the applicability of the “principle of transferability. “ This
assumes that data which accumulate from one system can be used to predict the

maintainability of a comparable system which is undergoing, design, development,
or study. This procedure is justifiable when the required degree of commonality
between systems can be established. Usually during the early design phase of the
life cycle, commonality can only be inferred on a broad basis. However, as the

design becomes refined, during later phases of the life cycle, commonality is
extendable if a high positive correlation is established relating to equipment
functions, to maintenance task times, anti to leveis of mainte.aance. Alt.ho@
the four techniques contmned in this handbook have been proposed and appear to
fit certain applications, it should be borne in mind that they have not truly ben

tested for generality, for cxmsi stency one to another, or for most other criteria
dealing w’ith broad applicability. It should also be borne in mind, though, that
experience has shown that the advantages greatly outweigh the burden of making
a prediction. For that reason, it is not the purpose of this document to deter
further research or inquiry.

ELEMENTS OF MMNTAIN.ABILITY PR ED! CTJON TECHNIQUES: Each maintain-
.~i II+.. __~.-I{~+i~” +~oh”iq,.o ,~+ili?~t mrnn-dvre~ whj~h are ~cifically designed tO
EUL A&., ~.bw.-..”., ,uti. ti. -- -------- ~..--

satisfy its method of application. However, all maintainability prediction methods
are dependent upon at least two basic pararnetera:

(a) Failure rates of components at the specific assembly le~’el of interest.

(b) Repair time required at the maintenance level involved.

There are many sources which record the failure rate of parts as a function of
use and environment. This failure rate, is expressed as the number of failures
per unit of time. A typical measure is “failures per 106 hours. “ The major
advantage of using the failure rate in maintainability prediction calculations is
that it provides an estimate of the relative frequency of failure of those components
which are utilized in the design. Similarly, the relative frequency of failure
of components at other m aintafnable levels can be determined by employing
standard re[iabili~ prediction techniques using parts failure rates. Failure

rates can also be utilized in applicable regression equations for calculating the
maintenance action time. Another use of the failure rate is to weight the repair
times for various categories of repair activity, in order to provide an estimate of

its contribution, to the total maintenance time,



hl;LinL7illfil) ilit~,’ prc(liction, the’reforc, is o most usc!fr.tl ]nstrl~n)rnt to both nlnnager
and engineer hccause it provides for improved system ~’ffectiveness :md rduws
ar..fnlinlstrat lv(’ ancl maintenance costs.

T))(I comparison matrix, Figure A, is included to prnvidc a summnry of thr signifl-
r~nt attrihtlte~ of ~neh nlaintiinabilit}, nreriirtinn rrroce(iurc inrlu(ie(l in t.i}is han(l-.
IKmii. A[i(]itinnai details may ix Obtained ~JJ’ referring to S) W!iflL’ illainLainabilitJ”

pre(lirtinn promvlures of interest.
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PROCEDURE 1

1.0 GENERAL

This procedure is used to predict system downtime of airborne electronic and
elecrro-mechanical systems involving modular replacement at the flight-line.

Just as a masonry building depends upon the brick as its basic building block,

the procedure relies on the “Elemental Activity” as the fundamental element of
downtime from which other mea sures of downtime are developed through a process

of synthesis of time distributions.

The Elemental Activity is a simple maintenance action of short duration and
relatively small variance which does not vary appreciably from one system to
another. An example of a basic elemental activity would be the opening snd

shutting of a door, or opening and closing of a radome on an aircraft. It should
be obvious that the performance time does not depend upon the construction of
the house or aircraft provided that the door or radome are similar. Therefore
if one should record the times required over many trials, to open and close a
door, he should be able to calculate the mean time, ~, and the standard
deviation, C, of this Elemental Activity. This is precisely what has been done
in this prediction procedure for various Elemental Activities which in total
ccm.pr!se Lie basic Categories nf Active Repair Time. These activities are
listed in Table 1-1 and the corresponding recommended values of ~and @
for the Elemental Activities of each category are shown in Table 1-2.

The technique of using the basic building block, namely the Elemental Activt~,
and building the structure step by step to include other measures of downtime is
explained in 2.0 “Analytic Foundation” and detailed in 3.0 “Application”.

1.1 Philosophy, Assumptions snd Summary

Figure 1-7 entitled “Structure of Time Elements in “Fix” of Malfunction” illustrates
the %uilding block” principle. An examination of this figure shows how elemental
activity times are synthesized to produce maintenance categories and that these
in turn combine to produce Malfunction Active Repair Time. The remainder of
this chart showing the complete buildup to total system downtime is self evident.
There are two exceptions to be noted. The first is that the category entitled
“Distribution of Final Test Time” is not derived from other Elemental Activities

since it has constant parameters and is shown in Table 1-8, The second exception
h that this procedure does not include the techniques for calculating Total System

1-1

.
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Downtime but rather concludes with the determination of System Downtime. The
reason is that Total System Downtime is the result of combining the distributions

of .System Downtime with Initial DelaJ’. The methods of determining Initial Delay

require some further refinement before they will be considered for Inclusion.

In summary, tbe philosophy of the entire prediction procedure is based OD the
principles of synthesis and transferability. As already discussed the synthesis

principle involves a buildup of dowmtlmes, step by at.ep, progressing from the

distribution of downtimes of Elemental Activities through various stages culminati-
ng finally with the Distribution of System Downtime.

Tbe transferability principle embodies the concept that data applicable to one type
of system can be applied to similar systems under like conditicm of use and
environment to predict system maintainability.

1.2 Applicability

This maintainabili@ prediction procedure is applicable to predict flight-ltne
maintenance of airborne electronic and electro-mecha.nical systems involving
modular replacement at tbe flight-line. The procedure may also be used for
maintainability prediction in echelons of maintenance other than flight-line such
as field or depot by extension of formulae through further development work,
= rcqutrcd, += \~~~.~& ~+-her ~!e~emt~l ~fi++~,itte~...- -...

1.3 Point of Appl jcation

The technique can be applied at any time after the design concept has been established,
provided the essential data enumerated in 1.5 entitled “Information Required” is
available.

1.4 Basic Parameters of Measure

Tbe ultimate measure of maintainability is the distribution of System Downtime.
Intermediate measures include the distribution of times for the various Elemental
Activities, Maintenance Categories, Malfunction Active Repair Time, Malfunction
Repair Time, System Repair Time and System Downtime. (See Figure 1-7. )

1.5 Information Required

In order 10 perform a maintainability prediction the following information must
k available,

1-2
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(b) Number of flight-line replaceable comwnents of each type.

(c) ZJst d fMgbt-Mne nqheeabh mmpments oontabhg adjuu&nenta
or flight-line replaoaable ~.

(d) Number and A8racter of readmte (bfonltortng dwtcen for portlon6
of the ay8tem).

(e) Nmnbar of tgpm of spar- urried.

@ Number of pmmme-rddnlng ommeckm.

(g) Number of teat potnts.

(h) Nmn’e of apeetal teet equipment (designed specifictiy for the uysbm).

(1) Number of zna.gnetrons.

o) Estimates of durations of ●verage mleaion.

*) Mimriixig scha&les !0: spesatiorw IU2dmaintenance peraonncd tncludtng
all ahtfta and all breaka for hmch, cof!ee, etc.

(1) Estimates for intervals oecuphd by tmachethled activities such aa
debrteftng.

In the ortgtnd development of the prediction procedure, data wexw employed from

ma Munction repairs on the AN/ASB-4 Bombtng and IUavi&ption Syutem( wed in the
B-52 bomber). In testing and refining the prediction system, data were used from
seven other systems:

AN/APN - 89 AN/APX - 25

AN/ARC - 34 AWARN - 21

AN/ARC - 65 MD-1
AN/AIC - 10

1-3
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Thus it is expected that this prediction procedure should be more adaptable to

electronic or electro-mechanical systems similar to those mentioned above.

1.7 Correlation Between Predicted and Observed Values

Figures 1-l to 1-6 show the correlation between observed and predicted values

for the distribution of Malfunction Active Repair Time and System Downtime
for various equipments.

2.0 ANALYTIC FOUNDATION

2.1 Structure of Time Element6 in “’Fix” of Mdfunctton

Using Figure 1-7 as a guide, it is evident that when the latter is viewed from
right to left the following relationships become evident:

(a)

(c)

(d)

Total System Downtime consiBts of: ~~

1. Initial Delay.
2. Sywtem Downtime.

System Dountime comprtses:

i. system @tatic Time.
2. System Repair Time.
3. System Ftnal Test Tfme.

System Repair Time is the product of Malfunction Repair Time and the
number of malfunctions.

Malfunction Repatr Time consists of:

1. Malfunction Active Repair Time.
2. Malfunction Administrative Ttrne.

~/The calculation of Total System Downtime is not shown in this prooedure

because it depends on the distribution of tfmes of Initial May and the
procedure requires more development.

1-4
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Figure 1-6. Distribution of System Down Time for the MB1
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(e) hlalfunction Active Repair Time is comprised of:

-

1. Preparation Tim~’.

-. Alalfunction Verification Time,

2. Fault Location Time.
4. Part Prc)curement Time.

L. Repair Time,
G. Final Malfunction Test Time.

(f) Elemental Activities: Each of the maintenance categories of (e)
above consists of a series of Elemental Activities. as shoun in

‘Iahle 1-1 and discussed in 2.2.

“ ‘_’ Elemental Activities-.”

To facilitate analt’sls and minmlize variations in the performance time required,
each malfunction rnwntenance category is subdivided into smaller maintenance
actions, labellcd “Elemental Activities”. As (Iisrussed It] 1. u these represent
rclati{$clj simple md brief maintenance act]ons, which require a short time to
pc rfo rm. Therefore, in the prediction procedure x origin~ly developed, the
assumption was that Elemental Acti\ritics were normally distributed. However,

after further refinement of the proccdurc three optional distributions are available
ior use in a prediction as follows: @ee Table 1-2. )

(~) The fitted normal distribution.

(’b) The fitted lng-norms! distribution.

(c) A corrected time log-normal distribution.

The determination of which Elemental Activities are normall} distributed, and
\vhich Iog normally, is based on the h}~thesis that Elemental Activitieshaving

standard deviations less than an arithmetic mean of one hour, are representative
of activities of a routine nature and are assumed to be normall~’ distributed.
This is due to the fact that execution time is not significantly influenced by
changes of personnel, characteristics or surrounding events.

On the other hand, Elemental Activities having standard deviations greater than

the arithmetic mean, or an arithmetic mean greater than one hour, are con-

sidered both as more complex and as containing manv possible subactivities,
all of ~vhich may not need to be performed to define the achvlt}’. in such a case

1-12
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I )
I
I

TABLE 1-1

LIST (~F CA TFCORIFS AND FLFMFNTAL ACTIV!TTES OF Aml!rE REPAIR lTMr

I
( Categrrry Elemental Activlt~ ~Acl,L’!tv~o.

I i

I

,

I ,

!

Sjstcrr turr{ on, narrmup, scttlng dIals and couders as ncccssar).

ActIvIty cl PIUB lime awatt]ng particular component stabilizatlotr.

l.@enmg and clobmg raoorne.

Gaming access and remstalllrtg covers Iother than radome).

Obtalnmg test equipment and or Tech Or&rs.

Checking matntcnance records.

Prnerrrmg components IrI antlclpatlon of need.

S44tlng urr lesl equipment.

Obscr}mg IxlI:4tw2ns cd,.
Uswg lvsi t’qutpmenl 10 $erifv maliunchona inherenll) n(,l reproducible on ground.

Perform lrzg standarrf test problems or checks

Test!nR for pressure Ieaks

Attempting 10 obccrvt tlusl$t! or nOn-eSt91ent SymPIOm(IIJ.

Using special test equipment rteslmed specifically Ior tiIs equ!pmerrl.
Making a visual mtcgrlty chvck,

Fault self -ewdent from s.wnptom observation.

Interpreting symptoms by mental analysis only (from knowledge ~exrlence).

Lnterpretmg dIsPlsys M djfltrent srttlngs of controie.

Inler?sretmg meter rcadmga.

Removmg uniI(s)/suburtil (s) snd checking in shop.

Swilchmg and/or substikttmg tmtt(s)ltrubttnlt {s).
wil(hln~ anrl/or suhslitutirrg part(s).

iiemovmg anti ciwchng parsa.

bl~klrrg 3 WISUS) mle~lty check.

Cbcckmg $Ill!ages. cnntmulty. Wawfnrms andinr aipal tracing

ConsulilnR Ttw+ Orders.

CorrlerrtnE wl!h Tech Reps or other mamtenunce personrrel.

Performtrrg standard tom problem (n].

laolattnK pressure leak.

l:sin~ :pcc Ia! tesl cqulpmcnt dcslgncri sm.’c~flcally for tht~ ●qutpmcn:.

CSbtammg replacement component from a[rcraft spares or tool &x

Part Obtaln]ng replacement(s) from &nch, ahop. or pre-iseue stock.

Prcmutwmcnt CMtatrrlrrg replacement crrmporrcnt(sj hy cmmlballzation.

Atlemptlng 10 Obtain replacement Crsmpcmrnt(sl Unsvallable.

Replacing unlt(rs)/subun! tfs).

Replacing parts.

Correct wtg improper mstallatton or delectl.e plug- kn mxrnactlon(s).

Making atdjustmcnls m sircraft.

Rcpalr M.!klng adjustments In shop.

Baktng mogrretmt.

Precautionary repstr activity (Include? S- called fau!t Ioca!lon, parl

procurement. and repsir t trees sipetrt when symptom not vprlft~d).

Rcpstrm~ wirtng or eonnerllons.

Final Mal-

functmn Test I
hctton chcckou! folloulrtg completion of repair.

J

2

3

4

5

6
7

I
2

3

4

I

2

3

4

5

6
7

8

1

1....; l-I::
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tbe tendency is for the applicable distribution b be skewed to the right and is
assumed to have log normally distributed completion times.

Table 1-2 shows fitted distributions of completion times for Elemental Activities.
It is recommended that the distribution parameters shown in this fable, which

are denoted by an asterisk, be used in any prediction. Predictions based on

these distributions yield the best empirical fit to reported maintenance time.

in those cases when a prediction of txme time, rather than the time reported by
repair personnel, is desired, the distribution of corrected time is used.
(See columns 7 & 8 of Table 1-2. )

2. 2.1 A.ssumpticmc RelatLng to E!ement~ .4ctivitics

The selection and phrasing of Elemental Activities is based on the following
assumptions:

(a; The mean time required for the performance of an Elemental
Activity is independent of system design and support facilities.

(b) The frequency of occurrence of an Elemental Activity correlates
with some factir of system design or support facilities.

(c) ‘ihe Elemental Activities in any maintenance category are independent
of each other.

(d) The total time required in any maintenance category is completely

accounted for by one or more of the Elemental Activities in the

category.

2.2.2 Major Characteristics of Elemectai Activities

TWCIof the characteristics of Elemental Activities are of major concexn. These
are the probability of occurrence and the distribution of time required to complete

an Elemental Activity. Studies indicate that the distributionof the time required
ior the performance of an Elemental Activity is independent of the type and design

of the system involved. For example, large differences would not be expected
between the times required to open and close a radome on two types of aircraft,

or the times required to make a simple electrical adjustment since these do not
depend on the design characteristics of the aircraft. On the other hand, the
probability of occurrence of an Elemental Activity does correlate to some factor

of system design or support facilities.

)
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T&OLK 1.2
.,. ,..,. ‘.,,..,,,,“4. -..,.,: ,!, !#,+

FIT7EIIDISTRJBUTK)NSFOR COMPL@ON ,,. ,...
,!

.,
TtAfESFOR ELEMENTAL A~ti

Number P

Prep2ra-
llom

Md-

Iundon

Vtrf(i -

c8110n

Fault
LocalIon

I

I

PW4

Proou*-

ment

K@ r

1

J_

1
‘2

3
4
s
6
7
n

1
2
3
4
5
G
7

1
2
3
4
5
6
7
@
~
Jl)
11
12
11

1.4

!5

2

3

.,

1

2
3

4
,.,
r,

1

8

0.102”
0.665*
o.23s”
O.27S’
0.330
0.140”
0.070*
0 107

0.ltts
0.693”
0.3!)7
0.329
i.394

0.309’
0.059

0.010”
0.019
0.333”
0.141
0.821’
0.324
0.436
0.181
0,)40
0.R07
0.344

0. 4G6’

!1. se?”
O. 6R3

P. :12(I*

I I-1.iliz

I 0.313*

0. 31s”

0.199’

;.394
0. .&qfi

o.W41’
0.415
0.997”
1.416
0.7S2”
0.810

u

0.068’
0. 3R4*
0.135’
0.196’
0.448
0,104*
0.0s0”
0.127

0.263
0.416’
(j.4X
0.605
1.236
0.171”
0.i3?

G.ool’
o.04U
o.25!’*
fl.172
o.7BFI”
0.346
0.480
0.191
0.213
1.owl
ij.?~l
‘~.420”
O..A.’
0.960
0.)62*

o.0:1(1
o.z3a*
0.171”
0.144”

0.s18
0.s0:
().0s5”
0.541
0.862”
0.701
0.747’

0.085 0.606

0.Slrl 0.S:!6
0,204 0.534
0.21% o.6s7
o.195* 1.023’
0.112 0.6GI
0.Octl 0.54>
0.0G9* o.93n’

0.0.39”1,409’
0.485 0.63:1
0.2rIl?”0.W18”
G.137* 1.215”
[.047* I.o.wl”
).269 0.520
).024 1.345*

).010 n.100
).008’ 1,201”
).2G3 0.686
!.OIW* 0.955”
).532 0.808
).221* G.ei:~
}.293* o.66t*
).125” 0.865”
).077” 1.095’
).w?” 0.!t65”
).240” 0.444*
).342 0.785
J,321, 0.78!l
1.WIG* 1.044”
1.u15 0.477”

).012” 1.086”
).249 0.675
1.277 0.S08
1.161 0.649

t.239“ 1.002”
).203” 1.122”
).051 O.726
1.253* n.997*
1.7s0 0.749
1.%9” l,-4GFG
1534 0.U29

Dlotrlbufhm 3
‘“Cormcled Tlmc” ●

(Img Normsl)

P u

o.Onz o.ri43
o.5s6 0.64s
0.198 0.643
0.200 0.643
0.190 1.011
n.109 0.643
11.058 0.643
0.008 1.011

0.O.?* 1.011
0.469 0,641
0.?Co 1.011
0.1!33 1.011
1.019 1.011
0.261 0.643
0.023 1.011

0.010 0
0.008 1,011
0.256 0.643
0,0S6 1.011
0,672 1.011
~>::: * nll. . . .

0.284 1.011
0.1:2 1o11
0,074 1.011
0.491 1.011
0.233 1.011
0.333 0.643
0.413 0.643
0,364 1.?11
O.277 0.643

0,012 1.011
0.242 rJ.643
0.269 0.647
0.1s7 ().643

0.231 1.011
0.1’38 1.011
0,049 0.64?
0.246 1.011
0324 0.643
1.238 0.643
0.515 1.011

[ 0,461 [ 1.011

9A leg normal dietrtbkbns,lhe dlstrlbutlon whl+ fWWJ bt ~ Ims &n marked wtth
M Mterld(
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For a majority of the Elemental Activities, the probability of occurrence, P,

is predicted for a particular system by solving an equation generated by a

multipk-linear refgramion antdysis. Table 1-10 list~ the occurrence proba-
bility function, p, for a number of Elemental Activities. In these equations,
tbe dependent vsxiatdes are based on observations of comparable systems, and
the independent variables ~e certain qusmtitatfve characteristics.

The occurrence of multiple Elemental Activities is a function of the probabilities
of the Constituent Activities; thus, the probabili~ of conjunctive occurrence of
two independent activttiea is the product of the indtvldual probabilities multiplied
by the probability of non-occurrence of all the remaining activities. For three
independent activities (A, B and C), the probability of joint occurrence of any
*O such as A and B and a non-occurrence of the third C would be:

In this type of notation the bar over a letter indicates the probability of “non-
occurrence” and a plain capital letter is the probability of occurrence.

2.3 Byntbesis of Time Distributions

There are several techniques which are used in this procedure to synthesize
ttrne distributions. For the most part these depend upon the use of Monte Carlo
techniques which simulate acmai conditions by selecting random samples from

cumulative time distributions of applicable parameters. The various techniques
which are used for combining or synthesizing distrfbution6 of time are explained
in 2.3.1. The details of the specific methods of developing cumulative time
distributions and utilizing Monte Carlo methods are discussed in 2.3.2 and
illustrated under 3.0 “Application”. A summary is also included in Table 1-3.

2. 3.1 Mode8 for Synthesizing Distributions of Time

There are four synthesis modes, depending on the manner in which a systam CM
fail. These are described as:

(a) Equal Sampling, Adding Variates: When one of the components fails

during a time interval and all other pssible failures occur during
this same period. All repair actions are performed. (Mode 1,
Figure 1-9. ) .

1-16
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Llnequal Sampling, Adding I’ariates: This applies when only onc
failure occurs and the others will probably occur at a rate corresponding
to their occurrence probabilities (the relative frequency, determined
from failure rate data). In this case, various combinations of the
repair action will take place. (310de 2, Figure 1-9. )

Equal Sampllng, Not Adding Variates: This applies when only one

failure can occur at a time and each component ha6 an equal probability
of failure. Only one of the repair actions is possible to correct
system failure. (Mode 3, Figure 1-S. )

Unequal %rnplin~, Not Adding Variates: This is applicable when oniy

one of the components can fail at a time. in the order of their relative
probability of failure, The repair consists of perfomn ing only one

reptir action at a time, since failures wi!l probably occur one at a time,
in accordance with the relative frequency. (Mode 4, Figure 1-9. )

Figures 1-H and 1-9 illustrate the basic principles of synthesis. Note that three
norms! distributions of time are shorn in Figure 1-8. Two of these distributions,
te and tb, overlap to a certain degree, while the distributions to time tc for the
third does not, to any extent.

Figure 1-9 shouts the resulting synthesis for each of the four synthesizing modes.
Note that resultant mode 2 is skewed to the right. This is due to the effect of tc,
wjth its larger mean and its own distribution, intermingling with the sampling of the
other two. This is the mode which can be expected to occur in a complex system.

~. ~. ~ ~~ulative Time D*@rlb~ti~n~ ~d the M~nt~ Carlo Method

The basic technique used in the precbction method is @ develop a cumulative
distribution of times as a means of selecting random time samples for s~thesis
purposes. Figure 1-1 is an example of a cumulative distribution of Malfunction
Active Repair Time. The abscissa represents the probability of completion of
an active repair action within a time, t, (i. e. , in tor less hours. ). The time

of completion is showm on the ordinate. Since the expression “within a time t“
is used or “in t or less hours” the distribution is cumulative in nature.

The Monte Carlo method uses cumulative distributions such as Figure 1-1. to
determine parameter values. This involves the selection of times, t, by

r,andomly picking a probability value of the abscissa and reading
time, t, cm the ordinate. The random selection of probability is

Lhe corresponding

performed by

1-17
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F we 1.8. Distributions of Times Required to Perform Relulr Act ons

&uQ!-
0

i !/<’’’”’(”0”’2’
!,%

Figure 1-9. Res~tan~s %nthesized From to, to and tc
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using a table of random numbers, or by utilizing a random number generator when

a computer is employed, to select as many values asneedcd for the prediction
procedure for the desired parameters.

Typical of the mrthod is the s}mthesizing of “Elemental Times”. In this case

a cumulative d)strlbutionis developed from the normal or log norrrlaI distribu-
tions as required, and the selection of random times is nbtalned as explained
in ~Section 3.0 “.application”,

Table 1-3 summarizes the synthesis method beginning with the synthesis of
E1ementd Activi~ies to det’elop the various maintenance categories and corl-
tinuing th process up to ancfincluding the development of System Downtime.

3.0 APPLICATION

?. 1 Prelimina~ Procedure

(a) Def~nc the system in terms of its constituent units and their input and

output boundaries.

fb) Compute the failure rates of the system and of the flight replaceable
components listed in the }~gend ~f Tab!e 1-1o vti!izing accephbie
standard reliability prediction procedures.

(c! Finf~ :he number of system readouts and calculate the readout factor
as outlined in Table 1-11 of Addendum A. This readout factor is used
to multiply each value of time given in the distribution of system final

test time in Table 1-6.

(d) Estin]ate an a~’erage flight length (in hours) during which the system is

to be operatccl,

3.2 Steps of the Prediction Procedure

Step (1). Compute tie occurrence probability of each Elemental Activity as

outlined in .4ddenaum A, The act]vit]es marked with an asterisk in Table 1-10

cannot occur with any other activity wilhin the category; therefore they should
be omitted from the calculations in Steps (2), (3), and (4) below.

Step (2). Determine the probability of occurrence of each Elemc#tal Activity
a!one by multiplying i~s computed tolai occurrence probability by the product

.
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of the complements of the probabilities of occurrence of all the remsining

Elemental Activities wfhin the maintenance categoxy. The fonnuia used in

obtaining the probability of occurraee Of tie events AZ~ A3, . . . Am is:

Step (3). Within each category, &termine occurrence of arty No activltiee
which can occur together. Use the following fomnula for act!vltiesAl , A2, . . . An,
where, Al and AZ are the activities whose joint probability is to be computed:

%obabtlitieg ~ 1% will be considered b be zero.

Step (4). Within each category determtne the probability of occurrence of all
posslb)e tiiple Elemental Activities. Multiply the product of the computed total
occurrence probabilities of alI possfble combinations of three activities by the
product of the complements of the total occurrence probabilltiea calculated for the
remain!~g act!vltteB wttidn the catego~. If the occurrence probability of a
triple combination ts determined to be 1% or lemh cordder it as zero.

~p (s). Within each category add the probabilities calculated in Steps (2), (3),

and (4)to the probabilities calculated in Step (1} for the activllles marked with
an aaterisk ti Table 1-10. The sum obtained by t.bts addition, thus, will not
contain the probabilities of jointoccurrences of four or more activities nor tb06e
computed probab{llties which are negl{gfbiy smaIl (1’%or less), therefore the mum
of the probab[llties will be less than unity as shown in tbe following example.
However, the probabilttieo can be made to awn to unity ae Ehown in Step (6).

The following example does not rcpreeent aIl of the combinations possible,

however, it is being presented to show the method used for calculating combinations
of Elemental Activities, (Combinations iesa than 1% omitted as illustrated below).

Example h Step (2), assume in addition that activ!ty A2 was marked with an

asterisk in Table 1-10 which means it cannot occur with any other activity in a
category. We have the following:
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P(AI)

P(A2)

P(A3)

P(A4)

= .30

= .40

u .10

= .05

= (,0081) ( = 1%., omit)

= (.0021) ( = 1%., omit)

= (.0009) ( = !’%. , omit)

.95 Obtained by adding the
firstfour numbers.

Step (6). Normalize each category by multiplying each of the probabilities summed
almve by the reciprocal of their sum (1. 176). This step ensures that the probability ies

sum to 1 and presupposes that the probabilities of joint occurrences of four or
more activities are negligible.

1
Example Using the values of the previous example we have ~ = 1.176

and (. 30) (1. 176) = .35, normalized P(Al)

(. 40) (1. 176) = .47. normalized P(A21

(.10) (1.176) = . 12, normalized P(A3)

(.05) (1,176) = . 06, normalized P(A4)

rim Total Probabi 1ity

Step (7). Complete Table 1-4 as follo~s:

(a) Insert, in Column 2, the double and triple Elcrnental Activity numbers

whose probabilities of occurrence were calculated as explained in
Steps (3) and (4) above.

.



Ml L- HDBK-472

A May 1966

(b) Determine~ia and Clap Orpia and ala for the
Bzl /38

distribution of the multiple acti~tities from the following equations:

Enter the calculated parameters in Columns 3 ad 4 of Table 1-4. The equations

for the standard deviations reflect the assumption of the statistical independence
of activities or mdtiple activities listed in Table J-4.

(c)

(d)

(e)

M u, > /LI or if ~1 > I hour, enter LN in Column 5.

If cl c ~1 < I hour, enter NTin Column 5. LN means

log normal, and N means normal (see 2. 2).

Complete Column 6 of Table 1-4 by inserting the appropriate normsJized
occurrence probabilities as calculated in Step (6).

For each LN entry in Column 5, compute (and enter in Columns 7 and 8)
p ~ and ~ 2 values from the following equatkns:

“ ‘H=

The ~ 2 and at values in Column 7 and 8 will be identical tn those in Coiumns

3 and 4 for Elemental Activities designated by an N in Column05. This transforma-
tion of the mean and standard deviation of each log normal distribution to the same

parameters of its nomnal distribution transform is required for the next step.

1-23
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TABL&1-4{~tlnued)

2 I 3 1 4

1
6

ckcLlr-
rewe
Pmb-
sbuny

1

Calegmry

Fault

katloo

(CO*

tirmed)

5

Bade
Dltiri -

butlon

Pmrunetera

Uemeold

Aetivtty
Number

mtiti-
butloo

LN
LN
LN
N
N
LN
N

motrt-
button

PsramelerO
PI

0w8.)

u,
(hrs. )

Crz

fbra. )

9

10
11
12

13

14

15

0.140

0.60?
t).344
0.466

0.582

0.603

0.320

0.213
1.000
c.351
0,430
0.541
0.960
0.162

0.077
0.507
0.240
0.466
0.582
0.396
0.320

1.095

1.Mt5
9.644
0.430
0.54)
1.044
0.162

--
.

- -.
.
.

1
2
3
4*
--

0.022
0.313
0.315
0.199

.-. G.0L2

0.313

0.31s

0.199

c. $x!
O. 238

0.171
0.144

1.0M6
0.238

0.171
0.144

.

-..

Rrpatr 1
2

3

4

5

6

7“

B

--

0.394
9.360

0.066

0.41s
0.993
1.416
0.752
0.810

0.5 8

0.603

0.055

0.541

0.862

0.701
0.747
1.114

LN
LN
N
LN
N
LN
N
LN

o 239

0.203
0.066
0.2s3
0.993
1.269
0.752
0.476

1.002
1.122
0.055
0.997
0.862
0.468
0.747
1.030

I I

---

I t
1

“ Canoot occur wltb sny other activity.wltiln the cahgvry
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Step (6). This step tranafoms a normal variable with mean~zand staadard

deviation ~2 to a standard normal variable with a mean of zero and a standard

devlatlon of un{tyo In this fomn the cumulative normal d{atrhution is readily
available tn Tables, or can be easfly calculated on an electronic computer. The
tianaformatlons for normal and log normal variables, respectively are:

!09 ti - log p*
z, =

C2
(lor parameters designated “LN” in Coiumm 5

of Table 1-4).

The values of/L2 and a2 me obtained from Columns 7 and 8 of Table 1-4.

The tl values are gtven in Column 1 of Table 1-5. The cumulative probiabtlitles
of completing an Elemental Activity by a designated time tl are obtained by
entering a table of the cumulative normal distribution and obtatntng each desired
probabili~ opposite the entry Z,. These probabilltiea are then entered in Cohnnn 2
of Table 1-5. ColumxI 3 of Table 1-518 determined by multiplying the values in
Column 2 by the probability of occurrence of the Elemental Activity which is listed
in Coh.urm 6 of Table 1-4. ‘Ibat is, mu!tipl y each cumulative probabi 11ty of complet-
ing an Elemental Activity in a given time ( tl) by the probability of occurrmce of
the activity. Thh3 1s to be done for each maintenance categoxy.

Step (9). For each of the twenty discrete values of time ( tl) listed Ln Column 1
of Table 1-5 sum the corresponding Elemental Activity probabilities shown in

Column 3. For example, amurntng there are 8 Elemental Actlvit{es comprising

the Category of “Prepamition” each Elemental Activity will have an individual
sheet such as Is illustrated by Table 1-5. Therefore, there will be eight
probability values, one on each ahet?t, for each of the twenty discrete values of
time (tI} listed [n Column 1. Summing each of these eight probabilltie6 (Column 3),

for each time tl will result in a total probability value for ti. Shine there are
twenty t I values, twenty points wil 1 result, which when plotted represent the dis-
tribution of the Category of “Preparation Time”. Other category distributions
with the exception of “Final MaMunction Test Time”. will be determined from

their Elemental Activities in a similar manner. “Final Malfunction Test Time”
haB constant parameters and is gl ven in Table 1-6. Plot the six individual
categury distributions, i, e. , Preparation, Malfunction Verification, Fault

Iacation, Part Procurement, Repair and Final Malfunction Test.
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24 May 1966 TABLE 1-6

PROBABILITY OF COMPLETTNC ELEMENTAL ACTTW~

OF FINAL MALFUNCTION TEST BY DESIGNATED TIME

f
~Time (H~ur~)

I Probability

I

f

t

I
I

\

t

1

I

4

1

\

0.01

0.02

0.03

0. 0s

0,07

0.10

0.15

0.20

0.30

0,40

0.50

0.60

0.80

0.90

1.00

1.50

2.00

3.00

5.00

I 10.00

log Normal
Distribution

0.009

0.022

I 0.043
I

I 0.083

I
0, 180

0.250I
1

0.270

0.380

I 0.580

0.700

0.790

0.840

0.890

0.905

0.934

0.982

0.993

0.999

1.000

1.0;0

-

-==i
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Step (1O), Determbe the d.istrhutlon of malfunction active repair time by

using the combining matrix (Table 1-?), the inetruction8 thereon, and the Bix

category distritmtiona plotted in Step (9), above.

Step (11). From the above distribution (the values are now plotted and smoothed),

select a minimum of 200 random vaiues of rnaifunction active repair time (fitted).
To each time, add a value of adrniniatrative tlrne to be calculated in Step (12)
below. The ref3ult ie mrdfunction repair time.

Step (]2). T’he following equation ie u~ed to compute administrative time, t:

t=
-Q in [i - F(t)] ‘/S

10

where: F (L)is a randomly selected probability. An acceptable method is to use
a table of random numbers for this purpose.

To obtain Q and ~ use the equations:

P = 0.027 X3 - 0.233 X2 + 0.521 X + 0.230 onci

a= .
0,310 - 0,064 X

where: X 1s a value of malfunction repair time eelected in Step (11) i

Choose a minimum of 200 X’s and for each value compute the corresponding U
and ~ vaiucs. AISO select the mme number of F ( t ) ~Iues by H~pling by me~e

of a table of mndnm numbers. U6ing the three setg of values, Q , B , and F(t),

we obtain 200 (or more) values of t from the above equation.

Wp (13), Multiply each of the 200 values of active repair time plus administrative

time (i. e. , malfunction repair time) by 0.9501.

where:
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TABLE 1-7

COMBINT14G MATRIX FOR ACTIVE REPAIR TIME SYNTHESIS

(X = Occurrence)

Instructlorl:

For each row, uu.m randomly eelectcd samplee of time* frwm tho~e
maintenance categories denoted by an “x”, ThiB summation will be
executed (M) (P) ttrnes for each row, where M is the desired number of
samples of malfunction active repair tlrne, and P is the indicated probability
of occurrence of each mw.

1 Mai-

Row Prep a- function
Nm.~ber ralton Verifica-

tion

1 x x
2 I x

I
3 x
4 x x
5 x x

t 6 I I

7 ! x x —
8 x
9 1 x x

10 x
11 1 x
12 x x

1 19 1 x I x
20 x

x x x x 0.170
x x x x ! 0.022
x x x x 1 0.022
x ‘x x 0.064
x x x I 0.173
v. . ~ x Y. n nlo

1 “.”. ”

x I x 1 0.012
x x x 0.029

I

x xl 1 0.077
x I x x I o. 0%
x x x 0.011

I x I 0.008
x J 0.011
x x x 0.050
x xl 1 0.018r I

I x 0:032
x 1 x 0.011

x 0.008

I I 1 I 0.173 I

“ Raw30m vduee of time may be selected from all graphs by using My
published table of random numbers. These random nurnbera represent
probabilities, md, from ihe cumulative distribution graph, the time
which correspond w the ra-dom probability is determined LS a random time
frmm that distribution.
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~or is the median of the predicted distribution of mal.f unction active repair tlrne;

~1 is the ~ystem f~il~re ra@; ~d N,5 is tie ~ticipated avera&’ flight len@.

When malfunction repair time is ml’Itiplied by 0.95N, system repair time 16
obtained. The factor of 0.95 accounts for an overlap time observed during which

two or more malfunctions are king repaired concurrently.

Step 04). Plot the system repdr times obtained jn Step (]3).

Sep (15). ThiB step involves system final test time. Its probabll!ty of occurrence
was observed to be about 0.5. l%e probability di~tribution of final test times as
shown m Table 1-8 was obgerved mainly from AN/ASB-4 data. A system readout
factir, as computed !n Table 1-11, is used as a multiplier of the time completion
probabilities of Table 1-8 when a different system 16 being considered. The kger
the number of readouts, the higher the probability of completion of system ftnal
tegt h a given time.

Step (16), Plot the distribution of system logistic time, given in Table 1-8,

and draw the best fitting line through the plotted points. Determine its

(i.e., a logistic time event) probability of occurrence, N20t from Figure 1-10.
The distribution of systcm logistic time is based on observed data The probabili-
ties of occurrence were observed to be an increasing function of the “number of

.-. component types replaceable at the flight-line level’”.

Now the inputs from S@p (14), (15), (16) are available in the form of cumulative

time distributions for system repair, system final test, md system logistic events.
A new combining matrix (TsMc 1-9) is now developed for the synt.heeis of a system
downtime distribution. Repair time occurs 100% of the time, tist time occurs 50%
of the time, and logistic ttme occurs a t~ariable percenage of the time according
to Figure 1-10. The occurrences are indicated by the X’s in Table 1-9.

The numbers which replace the X’s are drawn at random from the fitted distribu-
tions of repair times, finaI test times, and logistic times. A distribution of syetem

downtimes is obtained from this synthesis. Steps (17) and (18), which follow, describe

the method of completing the combining matrix in Table 1-9,

*p (17). Complete the combining matrix (Table 1-9) by finding the quantity
IOON20. This represents the relative proportion of the total sample of system
dowmtimes which wiIl contain systcm logistic times. Draw IOON20 random

numbers betu’cen 00 and 99 and determine fl and r2 (the quantities O! those

numbers hefiveen 00 and 49, and betwcn 50 and 99, respectively). Place an x
in f , gpaces &ve line so ad x in r ~ spaces below @nd including) line 30.
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TABLE 1-8

OBSERVED DISTRIBU’1’10?W OF SYSTEM FI_NAL TEST

TIME AND SYSTEM LOGISTIC TIME

Systcm Final Test Time

0.15
0.20
0.30
0.40
0.50
0.60
0.80
0.90
1.00
1.50
2.00

3.00

0.020
0.055
0.172
0.31
n,4s

O. 56
0.728
0.790
0.830
0.945
0.980

1.000

System Logistic Time

Time, t, I Probability of
in liours Time, t, or Less

0.50

0.60
0.80
0.90
1.00
1.50
2.00
3.00

4.00
5.00

6,00

8.00
10.00
15.00
20.00
40.0

50.0
Go. o

150.0

0.010
0.020
0.071
0.08
G. i~
0.17
0.22
0.28
0.32
0.37

0.40

0.42
0.43
0.57

0.78
0.82

0.90
0.94
1.00
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24 May 1966 TABLE 1-9

COMBIWNC MATRIX FORSYSTEM ~W TIME SYNTHESIS
(x = Occurrelme)

I
1

!

I

I
I

I

2

3
4
5

6
7

6

3

10
11

12

13

14
15
16
17
lb
19
20
21
en*-
23
24
25
26
27
2B
2:

30
31
32
33
34
35

36

37
38
39
40

41
42
43

44
45

46

47
48
49
50

I

I

i

x

x

x

x

x
x
x

x

x

x

x

x
x
x
x

x
x
a
x

x

x
Y.

x
x

x

x

x
x

x
x

x

x

x
x

x
x
x
x

x

x

x

x

x

x

x

x

x

x
x

x

x

x
x

x

x
a
x

x

x

x

x

x

x
x
x
x
x

x
x

x
x
x
x
x.
x

x
x
x

x

x

x
x

x

x
x

x
x
x

x

x

x

x
x

x

x

x

x

r

1system S@em System i fv8~, / SYUm Syxtem
Syntheota Repmr Final Logictic Synthesis I

Number / TIrxxe ‘ ?::

Lopsllc

Number ~ Time Text Ttmr Time
Ttme Time

T I
—

I I

Ii
!

x
x
x

I
,
1

I

I 1 1 I I I

51
52

53

54
5s

56
57
5*
59
60
61

62
63

64
65
66
67
6B
69
70
71
72
?3
74

7s
76
77
7b
79

130
81
82
83
84
8s

86
87
RR

89
90

91
92

93
94
9s
96
97

98
99

100

x

x

x

x

x

x
...

x

x

x

x.

x

x

x
x
x

x

x
x
x
x

x

x
x

x
x

x
x
x

x

x
x

x
x
x

x
x

x

x

x

x

x

x

x

x

x

x

x

x

lx

I

I

i

i

1

I

!

I

I

I
I
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