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1. This maintainahility handbook was developed by the Department of
Nefense i accordance with establisned procedure,

2. This publication was approved on 24 May 1966 [or printing and
melineing in the military standardization handbook series.

5. This document provides information on current maintainahilitv
prediction procedures. 1t will provide valuable information and guidance
o personnel concerned with the desigm, development, and production of
equipment and syvstems requiring a high order of maintainability.

4. Every effort has heen made 1o reflect the latest information un
naintainability nrediction procedures. It is the intent to review this
1umndbook periodically to insure its completenese and currency. Users of
wiis document are encouraged to report any errors discovered and anv recom-
mendations for changes or inclusions to the Commander, Naval Air Svstems
Command, Department of the Navy, Washington, D. C. 20366,
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FOREWORD

The purpose of this Maintainability Prediction Handbook is to 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 high-
lights of each maintainability prediction procedure are presented 1n a clear,
lucid and intelligible manner and include useful supplementary information
applicable to specilic procedures, using the following format.

1.0 GENERAL
Philusophy, Assumptions and Summary
Applicability
Point of Application
Basic Parameters of Measure
Information Required
Data Basis
Correlation Between Predicted and Observed Values
2.0 ANALYTIC FOUNDATION
3.0 APPLICATION
This type of presentation facilitates reference to all or to only those parts of
a procedure which 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 an early assessment of the maturity of the maintainability
design and enables early decisions concerning the compatibility of 3 proposed
design with specified requirements or the choice of better alternatives.

The maintainability prediction procedures I and III are applicable solely to
electronic systems and equipments. Procedures IT and I'V can be used for
all systems and equipments. in appiying procedure II to non-electronic
equipments the appropriate task times must be estimated.

In conclusion, the use of this handbook facilitates the design, development,

and production of equipment and systems requiring a high order of maintain-
ability.

iii
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INTRODUCTION
MAINTAINABILITY PREDICTION

THE NEED FOR MAINTAINABILITY PREDICTION: The prediction of the expected
number of hours that a system or device will be in an inoperative or "down state"
while it is undergoing maintenance is of vital importance to the user because 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 the design phase. This prediction should be updated
continuously as the design progresses o assure a high probability of compliance
with specified requirements.

A significant advantage of using a maintainability prediction procedure is that

it highlights for the designer, those areas of poor maintainability which justify
product improvement, modification, or a change of design. Another useful
feature of maintainzbility prediction is that it permits the user to make an early
assessment of whether the predicted downtime, the gquality, quantity of personnel,
tools and test equipment are adequate and consistent with the needs of system
operational requirements.

DEFINITION OF MAINTAINABILITY: MIL-STD-774 defines maintainabilily as
follows:

“Maintainability 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 in use,
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BASIC ASSUMPTIONS AND 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
svstems and compaonents under similar conditions of use and operation. It is also
custormnary 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 cvcle, 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, and to levels of maintenance. Although

the four techniques contained in this handbook have been proposed and appear to
fit certain applications, it should be borne in mind that they have not truly been
tested for generality, for consistency one to another, or for most other criteria
dealing with 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 MAINTAINABILITY PREDICTION TECHNIQUES: Each msintain-
ability prediction technigue utilizes procedures which are specifically designed to

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

{a) Failure rates of components at the specific assembly level of interest.
() 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 108 hours." The major
advantage of using the failure rate in maintainability prediction calculations is
that it provides an estimate of the relative frequencv of faflure of those components
which are utilized in the design. Similarly, the relative frequency of failure

of components at other maintainable levels can be determined by employing
standard reliability predicticn techniques using parts failure rates. Failure
rates can also be utilized in applicable regression equations for calculating the
maintenance action time. Apother 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.
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Repair times are determined from priar experience. simulatiar of rennir taske,
nr past data secured from similar applications. Most procedures break up the
“maintenance action”. which is g maore general expressior than “repair action’.
inw a number of basic maintenance tasks whose time of performance is summed o
obtain the total time for the mainterance action,

SUNMARY: It is emphasized that the selection and application of the proper
maintainability technique results in many economies measured in terms af
man-hours. materiel. and monev. These savings are attributable tc the fact
thar maintainability prediction is considered to pe a tool for desten ¢nhancement
hecause 1t provides for the early recognition and elimination of areas of poor
maintainatnhity during the carly stages of the design life cvele.  Otherwise, arcas
of poor maintainability would anly become apparent during demonstratinn testing
or actual use. :fter which time. correction of desien deficiencies would he

costly and unduly delay schedules and missions.

Muintainability prediction, therefore, is a most useful instrument to hoth manager
and engineer hecause it provides for improved svstem coffectiveness and reduces
administrative and maintenance costs.

The comparison matrix, Figure A, is included to provide a summary of the sigifi-
rant attributes of each maintainability prediction procedurc included in this hand-
book. Additionai details may be obtained by referring to specific maintainability
predictinn procedures of interest.
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PROCEDURE |

1.0 GENERAL

This procedure is used to predict system downtime of airborne electronic and
electro-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 measures 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 and
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 recerd the times required over many trials, to open and close a
door, he should be able to calculate the mean time, i, and the standard
deviation, 07, of this Elemental Activity. This is precisely what has been done
in this prediction procedure for various Elemental Activities which in total
comprice the bagic Categories of Active Repair Time. These activities are
listed in Table 1-1 and the corresponding recommended values of fLand O

for the Elemental Activities of each category are shown in Table 1-2.

The technique of using the basic building block, namely the Elemental Activity,
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 and Summary

Figure 1-7 entitied ""Structure of Time Elements in "Fix' of Malfunction' illustrates
the ''building 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
18 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 Svstem Downtime is the result of combining the distributions
of System Downtime with Initial Delay. The methods of determining Initial Delav
require some further refinement before they will be considered for inclusion.

In summary, the philosopby of the entire prediction procedure is based on the
principles of synthesis and transferability. As already discussed the synthesis
principle involves a buildup of downtimes, step by step, progressing from the
distribution of downtimes of Elemental Activities through various stages culminat-
ing finally with the Distribution of System Downtime.

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

1.2 Applicability

This maintainability prediction procedure is applicable to predict flight-line
maintenance of airborne electronic and electro-mechanical systems involving
modular replacement at the 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 developmental work,
as required, to include other elemental activities,

1.3 Point of Application

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

The 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 to perform a maintainability prediction the following information must
be available.
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(a) Location snd failure rate of each component of the system.
(b) Number of flight-line replaceable components of each type.

(¢) List of flight-line replaceable components containing adjustments
or flight-line replaceable parts.

(d) Number and character of readouts (Monitoring devices for portions
of the system).

{e) Number of types of spares carried.

) Number of pressure-retaining connectors.

(g Number of test points.

() Nature of special test equipment (designed specifically for the system).
{{) Number of magnetrons.

() Estimates of durations of average mission,

&) Manning schedules for operstions and maintenance persomnel including
all shifts and all breaks for lunch, coflee, etc.

(1) Estimates for intervals occupied by unscheduled activities such as
debriefing.

1.6 Data Bagis

In the original development of the prediction procedure, data were employed from
malhmction repairs on the AN/ASB-4 Bombing and Navigation System(used 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 AN/ARN - 21
AN/ARC - 65 MD - 1
AN/AIC - 10
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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 1-1 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 Structwure of Time Elements in "Fix" of Malfunction

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) Total System Downtime consists of: 1/

1. Initial Delay.
2. System Downtime.

() System Downtime comprises:
System Logistic Time.

System Repair Time.
System Final Test Time.

LY D =

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

{d) Malfunction Repair Time consists of:

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

1/The calcuiation of Total System Downtime is not shown in this procedure
because it depends on the distribution of times of Initial Delay and the
procedure requires more development.
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{e) Malfunction Active Repair Time is comprised of:
1. Preparation Timvc.

Malfunction Verification Time.
Fault Location Time.

[
N .

4. Part Procurement Time.
5. Repair Time,
6. Final Malfunction Test Time.

{fy Elemental Activities: Each of the maintenance categories of (e)
ahnve consists of a series of Elemental Activities. as shown in
Table 1-1 and discussed in 2. 2.

2.2 Elemental Activities

To facilitate analvsis and mimimize variations in the performance time required,
cach malfunction maintenance category is subdivided into smaller maintenance
actions, labelled "Elemental Activities”. As discussed in 1. 0 these represent
relatively simple and brief maintenance actions, which require a short time to
perform. Therefore, in the prediction procedure as originallv developed, the
assumption was that Elemental Activities were normallv distributed. However,
after further rcfinement of the procedure three optional distributions are available
for use in a prediction as follows: (See Table 1-2.)

(1) The fitted normal distribution.
(b) The fitted lng-normal distribution.
(c) A corrected time log-normal distribution.

The determination of which Eiemental Activities are normally distributed, and
which log normally, is based on the hypothesis that Elemental Activities having
standard deviations less than an arithmetic mean of one hour, are representative
of activities of a routine nature and are assumed to be normally 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 possihle subactivities,
all of which may not need to be performed to define the activity. In such a case
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TABLE 1-1

LIST OF CATFGORIES AND FLEMENTAL ACTIVITIES OF ACTIVE REPAIR TIME

: T
{ Category J Elemental Activity Activity No.
&
! | Syslem turn-on, warm-up, sehing dials and counters as necessary. i
i Activity i plus LUme awarting particular component stabilization. | 2
: 1 Upening and closing radome. 4
1 Gatning access and remnstalling covers jother than radome). 4
! Preparation ' Obtaining test equipment and or Tech Orders. 5
| .‘ Checking maintenance records. 6
| i Procuring components in anticipation of need. ?
E ; Setting up tesl equipment. B
Y 1 -T
X © Observing indications only. i
Using test equipment to verify maliunchons inherently not reproducible on ground. 2
Performing standard test problems or checks 3
Malfunction Testing for pressure leaks 4
vertlicanon Altempting 0 observe clusive or non-existent symplom(s). S
Using special test equipment designed specifically for this equipment. [
Making 2 visual integrity cheek. 7
Faull self-evident from symptom observation. I
Interpreting symptoms by mental analysis only (from knowledge/experience). 2
Interpreting displays at diflerent settings of controis. 3
Interpreting meter readings. 4
Removing unitis)/subunit(s) and checking in shop. 5
Switching and/or substituting unit(s)/subunit{s). 6
| Switching and/or substituting part(s). 7
Fauir iocution filemoving and checking paris. &
Making 2 visual integrity check. 9
Checking voltages. continuity. wavelorms. and/or aignal tracing. 10
Consulting Tech Orders. 1n
Conlerring with Tech Reps or other maintenance personnel. 12
Perlorming standard test problem(n). 13
Ilsolating pressure leak. 14
Using special test equipment designed specifically for this equipment. 15
: Obtaining replacement component (rom aircraft spares or tool box 1
Part Obtaining replacement(s) from bench, shop. or pre-issue siock. 2
Procurement Obtarning reptacement component(s) by cannibalization. 3
Attempting 1o obtain replacement componentis). Unavailable. 4
Replacing umit(s)/subunit{s). t
Replacing parts. 2
Correcting improper installation or delective plug-in connection(s). 3
Making adjustments in aircraft. 4
Repair Making ad)ustments o shop. $
Baking magnetron. 6
Precautionary repair activity (includes so-calied fault location, part 7
procurement, and repair times spent when symptom not verified).
Repatring wirtng oF connections. 8
Final Mal- Function checkout lollowing completion of repair, 1
function Test

1-15




TECHNICAL LIBRARY

MIL- HDBK-472
24 May 1966

the tendency is for the applicable distribution to be skewed to the right and is
assumed to have log normally distributed completion times.

Table 1-2 shows {itled distributions of compietion times for Elemental Activities.
it is recommended that the distribution parameters shown in this table, which
are denoted by an asterisk, be used in any prediction. Predictions based on
these distributions yield the best empirical fit 1o reported maintenance time.

In those cases when a prediction of true 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 Assumptione Relating to Elemental Activitics

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

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

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

{c) The 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 Elemertal Activities

Two of the characteristics of Elemental Activities are of major concern. These
are the probability of occurrence and the distribution of time required to complete
an Elemental Activity. Studies indicate that the distribution of the time required
for 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.

i-14
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TADLE (-2

! P . '4'. R

. FITTED DISTRIBUTIONS FOR COMPLE:I"ON )
o . TIMES FOR ELEMENTAL ACTIVITIES

1 2 3 T P 5 I ‘ 7 r 8
Elemental | Distribution ! Disiribution 2 . Distributioa 3,,.
Category Activity Fitied Normal Fiited Log Normal Correcled Time
Number m o M o {Log Normal)
M 4
Prepars- 1 0.102* | 0,068 | C.085 | 0.606 - 0.082 0.643
tion 2 0.665¢ ) 0.384° | 0.576 |} 0.836 0. 556 0.643
a 0.225°{ 0.135* | 0.204 | 0.5M 0.198 0.643
4 0.275° | 0.196° | 0.21% | 0.£57 0. 200 0.643
5 0.330 | 0,448 0.195¢ | 1.022% 0.1%¢ 1.011
6 0.140° | 0,104¢ | ©.112 | 0.661 0. 109 0.643
7 p.070° | 0. 050¢ | p oan | 0.540 0, 058 0.641
A 0 107 |o0.127 0.062° | 0.83m* 0. oG8 £.011
Mal- 1 0.105 | 0,263 0.000° [ 1.400¢ 0.0 1.011
funclion 2 0.593 | 0.416° | 0.485 }e.cm 0,469 0.643
Verili- 3 0.307 | p. 435 0.26R* | 0.BRB* 0. 260 1.011
cation 4 0.329 | 0.605 0. 157¢ | 1.215° 0.153 1.013
5 1,304 [ 1.236 1.042¢ | 1 @36 1,019 1. 011
Id 0.308* | 0.171* ] 0.269 | 0.528 0.261 0.647
7 0.05% [ 0.133 0.024 1.345° .02 | 1.o11
Fault 1 0.010* | G.001"* 0.010 0.100 0.010 0
Location 2 0.019 | 0.04v ¢.008* | 1,2301° 0, 008 1,011
3 0.733% | 6.25¢¢ | 0.261 | 0.688 0, 256 0.643
4 o 141 | 0,172 w.0R9°* | 0,955° 0,086 1011
5 0.823* | 0,7BB* | 0.592 | 0.80 0,572 1.0t
6 0.324 | 0,346 0.221% | G.572° . 218 1,011
7 0.43¢ |0 480 0.29%° | 0.891¢ 0. 284 1.011
] 0.3181 }o.191 0.125° | 0.8G%" 0.12 1.01)
n 0.340 | 0,212 0.077* | 1.095* 0. 074 1.011
1 0.807 ] 1.000 0.507* | 0.965° 0, 491 1.011
11 0.044 {8,251 0.240* | 0.844° 0.233 1.011
12 0.466 | w.430° | 0.242 | 0785 0,339 0.643
1 0.582° 1 0.08.° | U.320 | 0.789 0.4131 0.642
14 v. 683 | 0,960 n.196° | 1.044¢ ©. 384 1011
s n.onane ] 03620 | 9.205 |} 0.477° 0.217 0.643
Part ! n.0s2 {006 0.012* { 1.086° 0,012 1.011
Procure- 2 0.312° 10,238 | 0,248 | 0.675 0,242 0.643 .
ment 3 0.715* [ 0.171* | 0.277 | 0.508 0. 269 0.641
0.199*{ 0.144° ] 0,361 | 0.649 0. 157 0. 643
Repair s 5.394 | 0.53 0.278* | 1.002° 0.231 1.011
2 0.3%" | 0,503 0.203* | 1.122° 0.198 1,011
a 0.%b* | 0.055° | 0.051 | 0.726 0. 049 0.5
4 0.415 | 0. 541 0.257¢ | 0.997¢ 0,245 .00
L 0.997° | 0.862* 1 0,750 | 0.749 0724 0. 641
3 1.406 {0,701 | 1.269° | 1 4Gme 1.238 0.642
7 0.762* {0.747* | v s | 0.w2¢ 0,515 1.011
] 0.810 | 1,114 lo.us- 1.030° 0,461 1,011

¢ Where It has been poasihie ta compare the rtatistical sdequacy of the fitted normal
and oy normal distributions, the distribution whick fitind beat hias been marked with

an asterisk
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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 &
multiple-linear regression analysis. Table 1-10 lists the occurrence proba-
bility function, p, for a number of Elemental Activities, In these equations,
the dependent variables are based on observations of comparable systems, and
the independent variables are certain quantitative characteristics.

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

P (A B T)=Pla): PB) - [i-Pic)]

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 Synthesis of Time Distributions

There are several techniques which are used in this procedure to synthesize
time distributions. For the most part these depend upon the use of Monte Carlo
techniques which simulate actuai conditions by selecting random samples from
cumulative time distributions of applicable parameters. The various techniques
which are used for combining or synthesizing distributions 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 Modes for Synthesizing Distributions of Time

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

(a) Equal Sampling, Adding Variates: When one of the components fails
during a time interval and all other possible failures occur during
this same period. All repair actions are performed. (Mode 1,
Figure 1-9.) -
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() Unegqual Sampling, Adding Variates: This applies when only one
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. (Mode 2, Figure 1-9.)

{c) Equal Sampling, Not Adding Variates: This applies when only one
failure can occur at a time and each component has an equal probability
of failure. Only one of the repair actions is possible to correct
system failure. (Mode 3, Figure 1-6,)

(d} Unequal Sampling, Not Adding Variates: This is applicable when only
one of the components can fail at a time, in the order of their relative
probability of failure, The repair consists of performing only one
repair action at a time, since failurec will probably occur one at a time,
in accordance with the relative frequency. (Mode 4, Figure 1-9.)

Figures 1-8 and 1-Y illustrate the basic principles of synthesis. Note that three
normal distributions of time are shown in Figure 1-8. Two of these distributions,
te and t,, overlap to a certain degree, while the distributions to time t. for the
third does not, to any extent.

Figure 1-9 shows 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 t.,
with 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.

2.3.2 Cumulative Time Distributions and the Monte Carlo Method

<.

The basic technique used in the prediction method is to develop a cumulative
distribution of times as a means of selecting random time samples for synthesis
purposes. Figure 1-1 is an example of 2 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 shown 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, {, by
randomly picking a probability value of the abscissa and reading the corresponding
time, {, on the ordinate. The random selection of probability is performed by
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using a table of random numbers, or by ulilizing a random number generator when
a computer is employed. to select as many values asneeded for the prediction
procedure for the desired parameters,

Typical of the method is the synthesizing of "Elemental Times''. In this case
a cumulative distribution is developed from the normal or log nermal distribu-
tion+ as required, and the selection of random times is obtained as explained
in Section 3. 0 "Application".

Table 1-3 summarizes the svnthesis method beginning with the synthesis of
Elemental Activilies to develop the various maintenance categories and con-
tinuing the process up to and including the development of System Downtime.

3.0 APPLICATION
2.1 Preliminary Proccdure

{a) Definc the svstem in terms of its constituent units and their input and
output boundaries.

(b) Compute the failure rates of the system and of the flight replaceable
components listed in the legend of Table 1-10 utilizing acceptabie
standard reliability prediction procedures,

{c! Find .he rumber of system readouts and calculate the readout factor
as outlined in Table 1-11 of Addendum A. This readout factor is used
to muitiply cach value of time given in the distribution of system final
test time in Table 1-8.

(d) Estimate an average flight length (in hours) during which the system is
to be operated.

3.2 Steps of the Prediction Procedure

Step (1). Compute the occurrence probability of each Elemental Activity as
outlined in Addendum A. The activities marked with an asterisk in Table 1-10
cannot occur with any other activity within 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 Elemental Activity
alone by multiplying its computed total occurrence probability by the product
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of the complements of the probabdilities of occurrence of all the remsining
Elemental Activities within the maintenance category. The formula used in
obtaining the probability of occurrence of the events 4,, A,,...4, i8:

Pa, BBy .. K0 s PlA) - fi-ptap)] - [i-piag] oo [1-piay)]

Step (3). Within each category, determine occurrence of any two activities
which can occur together. Use the following formula for activities &;, Az, ... A,,
where, A, and A, are the activities whose jolnt probability is to be computed:

Pla A EyRy .. By » Pl - PlAy) - [1-Play)] - [1-ptay] -+ [i-P(a,)]
Probebllities M 1% will be conaldered to be zero.

Step (4). Within each category determine the probsability of occurrence of all
possible triple Elemental Activities. Multiply the product of the computed total
occurrence probabilities of sll possible combinations of three activities by the
product of the complements of the tota] occurrence probabilities calculated for the
remaining activities within the category. If the occurrence probability of a

triple combination is determined to be 1% or less, consider it as zero.

Step (5). Within each category add the probabilities calculated in Steps (2), (3),
and (4) to the probabilities calculated in Step (1) for the activities marked with

an asterisk in Table 1-10. The sum obtained by this addition, thus, will not
contain the probabilities of joint occurrences of four or more activities nor those
computed probabilities which are negligibly small (1% or less), therefore the aum
of the probabilities will be less than unity as shown in the following example.
However, the probabilities can be made to sum to unity ag shown in Step (6).

The following example does not rcpresent all of the combipations possible,
however, it ig being presented to show the method used for calculating combinations
of Elemental Activities, {Combinations less than 1% omitted as illustrated below).

Example In Step (2), assume in addition that activity A, 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‘A|) = .30
P(Az) = .40

Play) = .10

PlAg) = .05
P(AAAsA,) = (L0081) ( = 1%.. omit)
P{R, ApAzA,) = (.0021) ( = 1%., omit)
PlaAgAghy) = (,0009) ( = 1%., omit)
Total Prob.

.85 Obtained by adding the
first four numbers.

Step (6). Normalize each category by multiplving each of the probabilities summed
above by the reciprocal of their sum (1.176). This step ensures that the probabilities
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 5 g5 = 1.176
and (. 30) {(1.176) = .35, normalized P{(A))

(.40) (1.176) = .47, normalized P(A,)
((10) (1.176) = .12, normalized P{4,)
(.05) (1.176) = .06, normalized P(A,)
1.00 Total Probability
Step (7). Complete Table 1-4 as follows:
(a) Insert, in Column 2, the double and triple Elemental Activity numbers

whose probabilities of occurrence were calculated as explained in
Steps (3) and (4) above.
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(b) Determine fL| and O’luB

distribution of the multiple activities from the [ollowing equations:

cvr/.L‘cB8 and 0’,.88 for the

'u.ltlﬂ = #ld + /J‘lﬁ or Pldﬂa = ,“‘lc + 'LL‘B * #IB

- 2 2 - 2 2 . 2
T 5" /cr'°+ o5 or 0'.sa'~/a'a + ‘7'5 .

Enter the calculated parameters in Columns 3 and 4 of Table 1-4. The equations
for the standard deviations reflect the assumption of the statistical independence
of activities or multiple activities listed in Table 1-4.

© f o > M or if By > { hour, enter LN in Column 5.
If o < fy < lhour, enter N in Column 5. LN means

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

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

(¢) For each LN entry in Column 5, compute (and enter in Columns 7 and 8)
fgand T2 values from the following equations:

K2
Ha = :
NoHEr O
2 2
G, = [log b )
P’lz

The,u.Z and O 2 values in Column 7 and 8 will be identical to those in Columns

3 and 4 for Elemental Activities designated by an N in Column®5. This transforma-
tion of the mean and standard deviation of each log normal distribution to the same
parameters of its normal distribution transform is required for the next step.
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1 2 k| 4 5 6 7 8
Bastc Occur-
Elemental Distri- Dimtri- rence Distri-
Category Activity bution bution Prob- bution
Number Parameters Type wblity Parameiers
M o, (23 T
(brs.) | (hrs.) (hrs.) | (hre.)
Fault 9 0.140 { 0.213 LN 0.077 | 1.085
Location 10 0.807 | 1.000 LN 0.507 | 1.095
(con 11 C.244 | .35 LN 0.340 | 0. 044
tioued) 12 N 488 | 0.430 N 0.466 | 0.430
13 0.582 | 0.541 N 0.582 | 0.541
14 0.6B83 | 0.960 LN 0.396 | 1.044
15 0.320 | 0.162 N 0.320 | 0.162
Part 1 0.022 ¢, 9020 uh 0.012 j 1,086
Procure- 2 0.313 | 0.238 N 0.313 | 0.238
ment 3 0.315 ] 0.171 N 0.315 {0.171
4° 0.199 | 0. 144 N 0.199 { 0.144
Repair 1 0,394 | 0.5 8 LN 0.239 | 1.002
2 0.380 | 0.603 LN 0.203 { 1.122
3 0.066 | 0.055 N 0.066 | 0.055
4 0.415 | 0. 541 LN 0.253 | 0.997
5 0.993 | 0.862 N 0.993 | 0.862
6 1.416 | 0.701 LN 1.26% | 0. 468
kA 0.752 | 0.747 N 0.752 | 0,747
8 0.810 1 1.114 LN 0.476 { 1,030
|
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Step (8). This step transforms 2 normal variable with mean /L and standard

deviation O 5 to a standard normal variable with a mean of zero and a standard
deviation of unity. In this form the cumulative normal distribution is readily
avallable in Tables, or can be easily calculated on an electronic computer. The
transformations for normal and log normal variables, respectively are:

% -
2, = _l_&i (for parameters designated '"N'', in Column 5 of
2 Table 1-4).

log t; ~ log H2
Z, = {lor parameters designated '"'LN"' in Column 5

T2 of Table 1-4).

The values of i, and O 5 are obtained from Columns 7 and 8 of Table 1-4.

The t; values are given in Column 1 of Table 1-5. Tbe cumulative probabilities

of completing an Elemental Activity by a designated time t, are obtained by

entering a table of the cumulative normal distribution and obtaining each desired
probability opposite the entry Z,. These probabilities are then entered in Column 2
of Table 1-5. Column 3 of Table 1-5 18 determined by multiplying the values in
Column 2 by the probability of occurrence of the Elemental Activity which is listed
in Column 6 of Table 1-4. ‘I'hat 18, multiply each curnulative probability of complet-
ing an Elemental Activity in a given time () by the probability of occurrence of

the activity. This is to be done for each maintenance category.

Step (9). For each of the twenty discrete values of time (t;) listed tn Column 1
of Table 1-5 sum the corresponding Elemental Activity probabilities shown in
Column 3. For example, assuming there are 8§ Elemental Activities comprising
the Category of "Preparation” 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 sheet, for each of the twenty discrete values of
time (t;) listed tn Column 1. Summing each of these eight probabilities (Column 3),
for each time t, will result in a total probability value for t;. Since there are
twenty t| values, twenty points will result, which when plotted represent the dis-
tribution of the Category of ""Preparation Time'. Other category distributions
with the exception of "Final Malfunction Test Time", will be determined {rom
their Elemental Activities in a similar manner. '"Final Malfunction Test Time"
has constant parameters and is given in Table 1-6. Plot the six individual
category distributions, i.e., Preparation, Malfunction Verification, Fault
Location, Part Procurement, Repair and Final Malfunction Test.
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TABLE 1-6

PROBABILITY OF COMPLETING ELEMENTAL ACTIVITY
OF FINAL MALFUNCTION TEST BY DESIGNATED TIME

Time (Hours) Probability
0.0 0.008
; 0.02 0.022
% 0.03 0.043
f 0.05 { 0.083
; 0.07 : 0. 180
| i
? 0.10 é 0.250
ot 0. 270
0.20 0.380
0.30 0. 580
]
0.40 | 0. 700
0.50 0.790
0. 60 0. 840
0.80 0.890
0.90 0.905
1. 00 0.934
1.50 0.982
| 2.00 0.993
3.00 0. 999
5. 00 1,000
10. 00 | 050
Dresrimtion 7 =02
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Step (10). Determine the distribution of maltunction active repair time by
using the combining matrix (Table 1-7), the instructione thereon, and the six
category distributions plotted in Step (9), above.

Step (11). From the above distribution (the values are now plotted and emoothed),
select a mintmum of 200 random values of malfunction active repair time (fitted).
To each time, add a value of administrative time to be calculated in Step (12)
below. The result ie malfunction repalr time.

Step (12). The following equation is used to compute administrative time, t:

-awn[i-Fl0]"s
10

t =

where: F(L)is 2 randomly selected probability. An acceptable method is to use
a table of random numbers for this purpose.

To obtain @ and B use the equations:

B = 0027 x> - 0.233 x2 + 0521 X + 0.230 ond

B

0.310 - 0.064 X

a =

where: X is a value of malfunction repair time selected in Step (11).

Choose a minimum of 200 X's and for each value compute the corresponding Q
a.ndB values. Also select the same number of F(t)values by sampling by means
of a table of random numbers. Using the three sets of values, Q , B. andF (1),
we obtain 200 (or more) values of t from the above equation.

Step (13). Multiply each of the 200 values of active repair time plus administrative
time (. e., malfunction repair time) by 0.95N.

where:
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TABLE 1-7

COMBINING MATRIX FOR ACTIVE REPAIR TIME SYNTHESIS

Instruction:

For each row, sum randomly selectrd samples of time® from those
maintenance categories denoted by an "'x".

(X = Occurrence)

This summation will be

executed (M) (P) times for each row, where M ig the desired number of
samples of malfunction active repair time, and P is the indicated probability

of occurrence of each row.

I Mai- Occurrence

Row | Prepa- | function Fault Part Mal- Prob-

Nwaber | ration Verifica- | Loce- Procure- | Repair | function ability

l tion tion ment test of Row
1 X p 4 X x X X 0.170
2 x X X x X 0.022
3 X X x X X 0.022
4 X X X X X 0. 064
5 X b.S x x X 0.173
6 ! ¥ ~ x % 0,010
7T | x x X x 0.012
8 X x x X 0.029
9 X x b3 x 0.077
10 X X X X 0.024
11 x x x X 0.011
12 X X X 0.008
13 x x X 0.011
14 x x x 0. 050
15 x x X 0.018
16 X x x 0.032
17 X X x 0.011
1R x x 0. 008
19 X X 0.173
20 i X 0.065

* Random values of time may be selected from all graphs by using any

published table of randum numbers.

These random numbers reprcsent

probabilities, 1nd, from ihe cumulative distribution graph, the time
which corresponds to the random probability is determined as a random time

from that distribution.

1-30




TECHNICAL LIBRARY

MIL-HDBK-472
24 May 1566

tor i6 the median of the predicted distribution of malf unction active repair time;
)\‘ is the system failure rate; and N4 is the anticipated average [light length.

When malfunction repair time is m litiplied by 0.95N, svstem repair time {s
obtained. The factor of 0.95 accounts for an overlap time observed during which
two or morc malfunctions are being repaired concurrently.

Step (14). Plot the system repair times obtained in Step (13).

Step (15). This step involves system final tegt time. Its probability of occurrence
was observed to be about 0.5. Tbe probability distribution of final test times as
shown in Table 1-8 was observed mainly from AN/ASB-4 data. A system readout
factor, as computed in Table 1-11, is used as a multiplier of the time completion
probabilities of Table 1-8B when a different system is being considered. The larger
the number of readouts, the higher the probability of completion of system final
test in z 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, Njqo, from Figure 1-10.
The distribution of system 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 Step (14), (15), (16) are available in the form of cumulative
time distributions for system repair, system final test, and system logistic events.
A new combining matrix (Table 1-8) is now developed for the synthesis of a system
downtime distribution. Repair time occurs 100% of the time, test time occurs 50%
of the time, and logistic time occurs a variable percentage 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, final test times, and logistic times. A distribution of system
downtimes is obtained from this synthesis. Steps (17) and (18), which follow, describe
the method of completing the combining matrix in Table 1-9.

Step (17). Complete the combining matrix (Table 1-9) by finding the quantity
IOON,,. This represents the relative proportion of the total sample of system
downtimes which will contain system logistic times. Draw I0ON,, random
numbers between 00 and 99 and determine r; and ry (the quantities ot those
numbers hetween 00 and 49, and between 50 and 99, respectively). Place an x
in 7, spaces above line 50 and x in r, spaces below (and including) line 50.
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TABLE 1-8

OBSERVED DISTRIBUTIONS OF SYSTEM FINAL TEST

TIME AND SYSTEM LOGISTIC TIME

System Final Test Time

Time, t, Probability of
in Hours Time, t, or Less
0.15 0. 020
0.20 0. 055
0. 30 0.172
0. 40 0.31
0.50 0. 45
0.60 0.56
0.80 0.728
0.90 0.790
1.00 0.830
1,50 0.945
2.00 0.980
3.00 1. 000

1-32

System Logistic Time

Time, t, Probability of
in Hours | Time, t, or lLess
0.50 0.010
0.60 0.020
0.80 0.071
0.90 0.08
1.00 U.10
1.50 0.17
2.00 0.22
3.00 0.28
4.00 0.32
h.00 0.37
6.00 0.40
8.00 0.42
10. 00 0.43
15.00 0.57
20.00 0.78
40.0 0.82
50.0 0.90
60.0 0.94
150. 0 1.00
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COMBINING MATRIX FOR SYSTEM DOWN TIME SYNTHESIS
(x = Occurreoce)
I System System System System System System
Synthesia Repair Fioa Lopistic Synthesis | Repair Final Lomstic
Number : Time Test Time ! Number Time Test Time
Time Time
!
1 x x l 51 X ],
2 X x 52 x |
3 x x 1 ! 3 x ]
4 x x . | 54 x |
5 x x 5% x
€ x x 56 X
i 7 x x ! ! ! 57 l .
| 8 x x i ; f 5% i X
k 3 | X 4 I | “ 59 ! x
i 10 x X ' 60 ! X
11 x x 61 { x
} 12 x x 62 : x
| 13 x x ; 63 | x
14 X X 64 ¢ x i
, 15 x x €5 x i
16 x x 66 x
[ 17 x x 67 i x
‘ 16 x x 68 [ X ;
19 x x 69 i x
20 x x 70 x
21 x x 71 x
o2 v x k¢4 x
23 x X ‘ 73 i x
24 X X ! 74 ! x
25 x x | 75 x
26 x x i ; 7% x
7 x x ki x !
28 , x x ; 7% x ;
20 x x | 79 x
30 f x x | 80 ! X
3l x x i 81 x
32 x 3 , 82 x
33 x X I 83 x
34 x x 84 x
35 x x ( 85 x
a6 x x ) " 86 ’ X
37 ) x x ’ ; 87 x
| 38 x x RR ' x
| 39 X x : 89 ' x
! 40 x x , 90 x
‘ 41 x x [ 91 x
42 x x 82 H l
43 x x ‘ 93 X
N AR
. ! x x J ) i
" x x Lo X
; 47 x X | 97 l X |
! 4K x x 98 x !
49 x x ‘ 99 } x )
50 x x J 100 x
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Step (18). Select a quantity, Q, of an integral number of hundreds (no fewer
than 200) random times from the distribution of system repair times, Step (14).
Select Q/2 random times from the distribution of system final test times,

(Step 15). Select Q N,q random times from the distribution of logistic time
plotied in Step (16). Put these times in place of X's in Table 1-9 and add

them across each row to obtain system downtimes. Plot the distribution of
system downtimes and draw the best fitting line through the points.
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ADDENDUM A

CALCULATION OF THE PROBABILITIES OF OCCURRENCE OF ELEMENTAL
ACTIVITIES

The probabilities of occurrence of Elemental Activities, calculated from the
occurrence probability functions, are givern in Table 1-10. These functions
were determined, for the most part, by subjective selection of those system
characteristics which are deemed logically responsible for the occurrence of
the activity. The selected characteristics were then used as the independent
variables in & multiple-linear regression analysis, with the dependent variable
being the observed occurrence probability. The following statements concerning
the occurrence probablility functions must be complied with:

(a) If P is a calculated occurrence probability, andif P< O, get P = O

{b) If the denominator of any terms O, delete that term and
recaiculate P.

For explanation of the symbois used in the occurrence probability functions,
refer to the legend of Table 1-10.
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TABLE 1-1¢

OCCURRENCE PROBABILITY FUNCTIONS FOR THE ELEMENTAL ACTIVITIES

e -
CATEGORY | T EF [ ACTIIT LLEMENTAL ACTIVITY OCCURRENCE PROBABILITY FUNCTION P f
NO NO J
Preparsiion 1 1 System turn-on, warm-up. selling | 1~ =AMy 1
diale anc Counters a3 ancCessarn . .X » :
1% 1
2 2° Activity #1 plus Lime awalling par- | 0.023 INy)
ticular P n sablly
d 3 Opening and closing radome. ),'/)"
4 ] Gaining Aecess and reinstaliing A/ A
covers (olber than radome;.
(A, -A )
s H Obtaining test equipment aad/or 0833-0022 %, -0O319 AT Il
Tech orders. Aipin, -1
€ 6 Checking mainensnce recards. L38 {Py] - 1914 (-:—'1 - 0.001 (N)) ¢ D027 (Ny) - D492
]
° ? Procuring componenin In antici- lk)' )\4)
CHE - D& (X e k) - 0082 —
pation of need. f
. [ Selting up les! equipment 10T IRy - 2
Malfunciton e e Obaerving indicat, snp ondy us(;!)~ 0018 1K) - DOB2 IKy) + 0.059 (Nl - D193 (Ky) - 0.0E3
Verifica- !
tion
10 2 Using test equipment to verlly 00077 Ny
majfuaclions laberently mol re-
producible on ground
1! 3 Performing standard test probleme |0 392 N - 0169 (:J) - 0042 (:3 )0 0380
N Ny
or checks.
12 4 Testing for pressure lesks. 0 006Y tNg)
13 4 Attempting lo abserve elugive 0.28 (N, * DO Ny
Or pop~RX)SLEDL BYmMpLOm {B).
14 4 Using special test equipmen’ {oss7 - 099 Py - LE2Y (Py)] Wyg
designed specificaltv for thie
system
1% 7 Making &= visua! integrity cbeck. 0149 (P))) = 0.036 (P!
Foeult 16 [ Fault seli-evident from symptam 0.210 (Py) » D.ETB (Pyg) v 0.012 {Py} ¢ 0030
1 ocalion observation,
[
1% 2° Interpreting symptoms by mental 0.228 (Pg) - 0897 (Py) - 0.010 (’-l) + D623
analveis only (from knowledge/ .
experience).
Ny
\E k) Interpreting displays & different 18 (T)
settings of controls 3
1% 4 Interpreting meter readings. D07 Ny
20 S Removing unitis)/subunit(s) an [0.2(3 Q\_'.._.x.!_‘_)\!--—xﬁ « OYIB (P, « OBV (P, o P yoP
checiing 10 shot ! |
.« 2134 (Py) - o-u]»«,,

* Cannot occur with any otber activity within tbe category
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TABLE i-30 (Comioued)

STEP | ACTIVITY
CATEGORY [ NO ELEMENTAL ACTIVITY OCCURRENCE PROBABILITY FUNCTION *
»
Fauwlt 2] 6 Switching and/or substituting Q27T (P, ¢+ 0292 e ~0.810 (Py) ¢ DO
Locatios | unitis) subunit(s) i
{Continue (A
* 2 1 Swiiching sad/or substiluting Q.03 _Xi
partis) ]
]
13 [ Removiag and checking parts. 02 -):i—-n
L]
F 23 9 Mgakiag & visual inlagrity check. 0.310 (Pg) » B.2T1 (P - 0037
25 b Checkiag voltages, contiauity, QOB (Ny) - 0.001 iNg) - 008 ("‘;l) - 00IT
wavetorme and/or eigwal trucing. 3
26 1 Consulting Tech orders. 0.8 (P g (Pae}
27 12 Coaferring with Tech Reps or 0.002 iy} - 000! (Ny * 0.09%6 (" ) . 0.024
otber maintenance personnel. )
28 13 Periorming standard test oy (Py)
probiem(a;.
-1 14 lsolating pressure leak Q0004 l-'i‘-)
1
1 v 1l test ® »
30 S elog spec equipme 0.193 (P, ¢ 0352 * 0022| Ny
designed wecifically for this [ ]
symom .
LY 1 Obtaining replacement compo- Q63 {hq) . 039 (X‘) . oo
weots(s) from aircraft spares )H_ s . x'
or \vol box.
a2 2 Obtalaing replacement compo- =0y,
nente {rom bench, shop, or pre-
18s0e eloCk,
33 3 Olnaining replacemest compo- 0.02
pent(s) by cannibalization.
M L Astemptiag to obtain repiece- 1.4 Wegp)
meat compooentis). Usavail-
able.
(A -Ay)
Repair 3 1 Replaciag usit(s)/subunit(s). a0 |x ' . 362 (539) - 0.579
t
1 .
e 2 Replacing panie 1922 1Py, - 0.513 %1’ + 0.006
» 3 Correcting \mproper lastalls - !
tion or defecttve plug-in con- Q408 (B;5) [Py} = D.046 (Pyy) - 0O44 [X,) * 00N
aection(s).
38 4 Makiag adjustmests 1o aircraft O.DO03N, ¢ 0077 (—)ill + 0028
t
» 5 Makiag adjustments in shop. P20 ()
- Xl
40 6 Baking magnetron. Q006 Ny
4 [ Precautionan repair activiey P, {Piy) - 0.03
tincludes so-called fault location,
pant procuremert, and repair times
spent when symptom not verified)
42 8 Repai ring wiring or connections.

(9,4 INg) + 08 Py

Cannot occur with any other activity withis the category
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TABLE 1-10 LEGEND

( A's to be expressed as failures per hour)

N, - Number of flight-line replaceable components in system.
N, - Number of different types of flight-line replaceable components in
svstem.
Ny - Number of readouts in system, as determined by use of Table 1-11,
N, - Number of system readouts whosec function is to evaluate a standard
test problem.
Ng - Number of different types of spares carried aboard the aircrafi.
Ng¢ - Number of connectors (electrical or mechanical) which maintain
dynamic pressure integrity.
Ny - Number of CRT s in the system (excluding built-in test scopes).
Ne - Number of circuit parameters monitored by built-in meters.
Ng - Number of test points in the system.
Nio - Is special test equipment, designed specifically for this system, used
for Nlight-line maintenance ?
U yes, N = L
I no, N'o = 0
N;,, - Does the system contain any information devices, as dctermined
in Table 1-11.
If yes, N = L
If no, Ny =0
N2 - Does the system contain any auditory devices, as determined in Table 1-11.
U yes, Njp = 1.
Ino, N,=0

{continued)
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TABLE 1-10 - LEGEND (Continued)

Is special test equipment used to reproduce any inflight conditions not
otherwise reproducible on the ground?

I ves, Njy= I
Hno, Ny3=O

Does system contain any components which require an unusually long time
to reach positional or thermal steady-state condition? (Time-delay relays
and magnetron warm-up are not considered unusual.)

If ves, Nyg * |,
If no, N,q * 0.

Anticipated average flight length (in hours).

Are there provisions such as mock-up, go-no-go tester in the shop for
checking flight-linc replaceable parts?

If ves, Njg = I
Ifno, Nig =0

Are there provisions such as mock-up, go-no-go tester in the shop for
checking flight-line replaceable '"black boxes' ?

If ves, Njg = I,
no, Ny =0

If Ng > 0, thenN,g = I
I Ng = O, then N;g = D.

Does system contain one or more ~aagnetrons?

I yes, Ny < L.
I no, N = 0.

Probability of occurrence of logistic time, as determined by *he usc of
Figure 1-10.

Readout factor, as calculated in Table 6-1.

(eoniiivae dj

Al-41



TECHNICAL LIBRARY

MIL- HDBK-472
24 May 1966
TABLE 1-10 - LEGEND (Continued)

Pn - Probability calculated in the nth step of Table 1-10

)\, - Failure rate of the system.

)\2 - Summation of failure rates of flight-line replaceable components located
in the aircraft radome.

)\3 - Summation of failure rates of light-line replaceable components for
which spares are carried aboard the aircraft.

)\. - Summation of failure rates of flight-line replaceabie components whose
operation is reflected by a readout.

)\5 - Summation of failure rates of those flight-line replaceable components,
whose operation is reflected by a readout and for which a spare is
carried aboard the aircraft.

>‘G - Summation of failure rates of flight-line replaceable components which
contain adjustment(s).

)\7 - Summation of failure rases of flight-line replaceable components which
contain either adjustment(s) or flight-line replaceable parts, or both.

)‘a ~ Summation of failure rates of flight-line replaceable parts (excluding
lamps and hardware).

)\, - Summation of failure rates of flight-line replaceable parts for which
spares are carried aboard the aircraft.

)\.2 - Summation of failure rates of components accessible through -- or which
contain -~ access covers (other than radome), removal of which covers
may be necessary for flight-line maintenance.

Xm - Failure rate of that flight-line replaceable component which has the

maximum failure rate.
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SYSTEM READOUTS
(B) c
Readouts Able to Reflect (A) Normalized ()
System Operation Quantity Weighting Product
Factor (A} (B)
——
1. Visual
A. Information Devices ———- 0.05 ———
(i.e., position-,
velncity-, and
angle-indicating
instruments)
B. Circuit Monitors n® . 0. 03+ ——
. 0.003(n-1)** ———-
{i.e., voltage-current, n s ————
power-pressure, and n e ———
frequency indicators)
C. Cathnde Ray Displays ~——- 0.14 ———
D. Optics ——-- 0.05 ————
II. Auditory
A. Audio ———- 0.03 PR,
B. Transmitter Sidetone B 0.03 ——
Total = Total =
(Number of System Readouts) (Readout Factor)
* nis the number of different parameters that can be read on each
monitor by a switching arrangement.
=8

This weighting factor must be multiplied by each of tpe circuit
monitors listed in Column (A).
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10.

11.

ADDENDUM B
DEFINITIONS OF MAINTAINABILITY TERMS

Preparation time ig the time spent obtaining, setting up, and calibrating
maintenance aids; werming up equipment; etc.

Malfunction verification time is the time spent testing the system to observe
previously reported symptoms of malfunction.

Fault location time is the time spent arriving at a decision as to which items
caused the system to malfunction. This includes time spent working on
repiacing, attempting to repair, and adjusting) portions of the system shown
by subsequent interim tests not to have been the cause of the malfunction.

Part procurement time is the time spent by the maintenance man in procuring,
nr trying to procure, necessary replacement items,

Repair time is the time spent replacing, repairing, or adjusting all items
suspected to have been the cause of the malfunction, except those subsequently
shown by interim test of the system not to have been the cause,

Malfunction final test ime is the time speni coniirming that the malfunction
in question has been corrected, after which time no further maintenance
is performed on that malfunction.

Malfunction active repair time is the composite of ltems 1 through 6, above.

System final test time is the time spent confirming that the system is in
satisfactory operating condition (as determincd by the maintenance man)
following maintenance. It is possible for a system final test to be performed
after each correction of a malfunction.

Logistic time is all replacement procurement time, except that time when
the maintenance man is engaged in the procurement activity.

Initial delay time is the time between the moment the equipment becomes
available for maintenance and the moment work is commenced.

Malfunction administrative time is all time betweer. the beginning and end
of work on a malfunction, except for logistic or active maintenance time
for that malfunction.
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System admin!strative time is all system downtime other than active
maintenance time and logistic time.

Svetem downtime ig the time {nterval between the commencement of work
on a sysiem malfunction and the time when the gystem has been repaired
and/or checked by the maintenance man, and no further maintenance
activity is executed.

Total system downtime (s the time interval between the reporting of a system
malfunction and the time when the gystem has been repaired and/or checked
by the maintenance man, and no further maintenance activity is executed.

Test point is a jack or similar fitting to which a test probe is attached
for measuring or observing a circuit parameter or waveform.

Readout is a device bullt into the system which monitors, either primarily
or incidentally, the operation of some portion of the system,

Standard test problem {8 an evaluation of the performance of a system,
or any part of it, conducted by setting parameters into the system; the
parameters are operated on and the result obtained from system readouts.
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PROCEDURE 11

1.0 GENERAL

This maintainability prediction procedure describes the methods and techniques
which are used to predict Corrective, Preventive and Active Maintenance
parameters.

As applied in this procedure corrective maintenance time includes only actual
repair time which is the period when repair work is in progress. Therefore,

it excludes such parameters of measure as "administrative time' or "logistic
time', etc. , which are usually conslidered in definitions of Corrective Maintenance.

Similarly, preventive maintenance time includes only the actual active time which
is required for repair during a preventive maintenance shut down. It does not
include preventive maintenance time which is expended while equipment is

in operation.

Active maintenance combines both corrective and preventive maintenance
because it includes the time when both of these activities are actually being
performed. The details and parameters of measure are discussed in 1.4.

There are two methods which are presented for predicting Corrective Maintenance.
The first method described in Part A of this procedure results in 2 maintainability
prediction expressed in hours because it utilizes tabulated maintenance task repair
times., recorded in hours, which have been established from past experience.

These data are discussed in 1.6 and tabulated in Table 2-2. The second method,
explained in Part B of this procedure, does not use tabulated tapk times. Instead

it utilizes estimates of man-hours required to perform a maintenance task which

are based orn past experience >: an analysis of the design with respect to maintenance.

The two different measures, one in terms of hours which is representative of
actual elapsea -me, and the cther in man-hours which is a measure of manpower
required to complete a maintenance activity in a given time, have of necessity
resulted in the development of a different symbology for each method. These are
explained in Parts A and B respectively of this procedure and summarized in 1. 4.
However. once the repair times have been established either in hours or man-hours
the actual prediction procedures for both Parts A and B are very similar since
each uses work snheets whicn closely resemble each other,
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Part A is solely concerned with corrective maintenance, during the final design
stage of the product development cycle, and describes the method of obtaining

a prediction of the mean time to repair expressed in hours when the information
described in 1.5 ie available. 1/

Part B covers active maintenance which includes both preventive and corrective
maintenance and details the methods for obtaining an estimate of the mean time
expressed in man-hours for performing bot* types of maintenance.

1.1 Philosopby, Assumptions and Summary

The two most important parameters of measure in the field of Maintainability are

the duration of downtiine due to maintenance and the number of personnel required.
Each are important measures of maintainability and ideally, both should be kept

at a minimum if possible. However, for a critical mission, the number of mainte-
nance man-hours required may not be as important a8 minimizing the time required
to repair regardiess of the number of men involved or the inefficiency of their
utlization. Conversely, when downtime is not of paramount significance, the number
of man-hours becomes an important parameter of measure and control. This pre-
diction procedure outlines the methods of predicting both parameters of measure,

the results of which can be utilized for design improvement or other evaluations.

This procedure assumes that "'repair times", applicable to certain equipment
types, can be used to predict the maintainability of ltke equipments and devices.
Therefore, it tabulates certain repair times which can be used as described in
2.0 and 3. 0 to develop a prediction of corrective maintenance in hours.

Another assumption is that reasonably good estimates can be made of the
maintenance tasks required for corrective and preventive maintenance by analyzing
basic features of the design. Moreover, it is assumed that the number of hours
or man-hours required to perform these tasks for both corrective and preven-

tive maintenance can be estimated from the information developed.

A fundamental philosophy in any case, is that the magnitude of the repair time,

for a discrete repair, is the sum of the individual maintenance task times which

are required for its completion. Seven such maintenance tasks are sssumed to
effect the magnitude of maintenance time. These are: Localization, Isolation,
Disassembly, Interchange, Reassembly, Alignment and Check Out. The procedure

1/ Adaptations of the basic prediction method for each of the earlier stages of the
product development cycle are detailed ip MIL-M-23313A and NAVSHIPS 94324.
These include: Early Conceptual, Equipment Planning, Early Development and
lLate Development Stages.
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also assumes that each of the maintenance task times are a function of the
method and level of repair. For example, it is postulated that it should take
longer to replace a part which is wired than is required to replace a part which
is plugged in. Aleo that at the part level of repair it takes longer to perform

a repair task than at the subassembly or equipment level because less time

is required for the discrete steps involved at the latter levels. Accordingly,
nine functional levels of repair are described. These are: System, Subsystem,
Equipment, Group, Unit, Assembly, Subassembly, Stage and Part.

In summary the assumptions and philosophy of this procedure are applied in
predicting either corrective maintenance measured in hours, or active maintenance
time consisting of corrective and preventive maintenance measured in man-hours.
The techniques of application are described in 2. 0 and 3. 0.

1.2 Applicability

This procedure can be applied to predict the corrective maintenance time, as
outlined in Part A, and the active maintenance time, as described in Part B,
of shipboard and shore electronic equipment and systems. It can also be used
to predict the maintainability of comparable equipments and systems of other
branches of the armed services provided there is similarity of design, use and
application,

This procedure may also be applied to predict the maintainability of mechanical
equipments or systems if the maintenance task times for the applicable functional
levels can be established. 1/

1.3 Point of Application

The maintainability prediction methods described in this procedure are applicable
only during the final design stage.

1.4 Basic Parameters of Measure

The basic parameters of measure which are applicable to this procedure are as
follows:

1.4.1 Corrective Maintenance (Part A)

The basic measure of maintaingbility for this method is the Equipment Repair
Time (ERT) expressed in hours.

yl-‘or definitions of maintenance tasks and functional levels, see 2. 0 entitled
Analytic Foundation.
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The ERT is defined as the median of individual repair times and is expressed
by specific formulations for various statistical distributions as follows:

(a) When repair times follow g normal distribution the basic parameter of

measure is the Mean Time to Repair (MTTR). Since for this distri-
bution, the median is equal to the mean, the MTTR is a satisfactory
measure of the true ERT. The ERT is therefore equal to the MTTR
and is expressed as follows:

2 (ARp)
ZA

where: A = average part failure rate in failures per 10€ hours.

ERTY =

= MTTR (2-1)

Rp = repair time required to perform a corrective maintenance action
in hours.

{b) When repair times follow an exponential distribution:
ERT = 0.69 MTTR (2-2)
(¢} When repair timer follow a log-normal distributicn of repair times:

MYTR
ontilog (116 0°2)

ERT = (2-3)

where: O is the standard deviation of the logarithms, to the base 10 of repair
times. The average value of 0" is approximately 0,55 in which case:

ERT = 0.45 MTTR (2-4)

(d) When repair times follow a log-normal distribution the geometric
mean time to repair (MTTRg) occurs at the median, therefore
it is 2 measure of ERT .

The geometric mean time to repair (MTTRg) is:

z (X log Rp) _
MTTRg; = antilog (2-5)

I
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1.4.2 Corrective Malntenance (Part B)

The applicable formulstion to obtain the mean corrective maintenance time
(M¢) tn man-bours is:

— Z (A M)
Me = (2-6)
ZA
where: A = average part failure rates in failures per 10® hours.
M, = the man-hours required to perform a corrective maintenance

tagk. (Corrective Maintenance Time)

1.4.3 Preventive Maintenance (Part B)

The mean preventive maintenance time (ﬁp) is expressed in terms of mean man-
hours and is equated as:

— 2 (1Mp)
Mp H -———2—'— 2-7

where: My = the man-hours required to perform a preventive maintenance
action. (Preventive Mzaintenance Time)

f = the frequency of occurrence of preventive maintenance actions
per 108 hours,

1.4.4 Active Maintenance (Part B)

This parameter is expressed ap the mean active maintenance time which is the
sum of the preventive and corrective maintenance man-hours required to
maintain a product for a specified period, divided by the total number of preventive
and corrective maintenance tasks required during that time. Mathematically
it is expressed as follows:
(X)Wt + (Z1) Wy,
M = (2-8)

2)\{‘ + z 'tl
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where: M = mean active maintenance time
ﬁ<: = mean corrective maintenance time (resulting from time, '-i)
-ﬁp = mean preventive maintenance time (during time, tj)
Z)\ = the sum of the part fallures rates
Z! = the sum of the frequency of occurrences of preventive maintenance
tasks.
t; = operating time during the period t;
t; = calendar time in operating inventory

1.4.5 Maintainability Index (MI)

The total maintenance effort required to maintain a product in operational
status per unit of operating time is expressed as:

(ZA) M.t (26 Wt
MI = c : pli @-9)

where: t = operating time

Mc, My, L, ¢, 'Z)\, 21 have been previously defined.

1.5 Information Required to Apply This Procedure

Since this procedure is applicable to predict maintainability during the final
design stage, pertinent functional level and design details must be available.
These will include but are not necessarily restricted to the following:

(a) Packaging: The equipment packaging arrangement must be known
to the extent that a detailed breakdown into the various equipment
groups, units, assemblies, subassemblies, and parts can be
determined.
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(b) Diagnostics: The diagnostic procedure that would be followed
in the event of failure of each part in the equipment, including
application of all designed fault location features, must be available.

(c) Repair Methods: The repair methods that will be used to correct
failure of each part must be known.

(d) Parts Listing: A complete listing of all parts categorized by
equipment subdivision is required.

(e) Stresses: Electrical and environmental stresses under which each
part will operate.

() Mounting: The method by which each individually replaced part, and
each replaceable subassembly, assembly, or unit is mounted must
be known,

(g) Functional Levels: The functional levels at which alignment and
checkout are performed, following the replacement of each part,
must be known.

1.6 Data Basis

Part A utilizes tabulated data compiled as a result of over 300 observations

of maintenance activity in the U. S. fleet. These data in the form of corrective
maintenance task times, as shown in Table 2-2, are the basic data used for
predictions of active repair times.

Part B, depends on the establishment of equipment maintainability parameters
based on experience since this method of predicting active maintenance times
does not utilize tabulated data of maintenance task times, Where experience
information is lacking, estimates are required of the minimum permissible
values of equipment maintainability parameters 1o assure that the operational
requirements can be achieved with:

(a) the planned operating and maintenance equipment
(b) the designated and planned maintenance personnel
1.7 Correlation Between Predicted and Observed Values

A validation studv carried out or the AN 'URC-32 Transceiver and the AN'SRT-186
Transmitter showed good correlation between predicted and observed corrective
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malintenance results. These equipments were being utilized in many ship types
from destroyers to submarines,

2.0 ANALYTIC FOUNDATION

Active Maintenance time consists of two basic components, namely, Corrective
and Preventive Maintenance time. Corrective Maintenance is the Maintenance
performed to restore an item to a satisfactory condition by providing correction
of a malfunction which has caused degradation of the item below the specified
performance. Preventive Maintenance is the maintenance performed to retain
an item in satisfaciory operational condition by providing systematic inspection,
detection, and prevention of incipient [ailures. Preventive Maintenance can be
either echeduled or unscheduled depending upon the requirements of the mission.

Active Maintenance Prediction assesses the average man-hours of work to
perform the required corrective and preventive maintenance tagks. These

active maintenance tasks do not consider the effects on elapsed maintenance

time due to logistics problems or administrative procedures. The active repair
time estimate of corrective maintenance predicts the downtime due to active repair
which is the result of a malfunction causing system downtime. The preventive
maintenance time estimate, on the other hand, predicts the downtime duc to
preventive maintenance activities.

2.1 Basic Considerations and Delinitions
2,1.1 Applicable Maintenance Tasks

The corrective maintenance action is divided into the {following corrective maintenance
tasks:

(a) Localization - Determining the location of a failure to the extent possibie,
without using accessory test equipment.

(b) Isolation - Determining the location of a fallure to the extent possible,
by the use of accessory test equipment,

(¢} Disassembly - Equipment disassembly to the extent necessary. to
gain access to the item that is to be replaced.

(d) Interchange - Removing the defective item and installing the 1 eplacement.
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Reassembly - Closing and reassembly of the equipment after the
replacement has been made.

Alignment - Performing any alignment, minimum tests and. or
adjustment made necessary by the repair action.

Check Out - Performing the minimum checks or tests required to
verify that the equipment has been restored to satisfactory performance.

2.1.2 Applicable Functional Levels

(2)

(©)

{c)

d

(e)

Part - One piece, or two or more pieces joined together, which arc

not normally subject to disassembly without destruction of designed use.
(Examples: electron tube, resistors, mica capacitor, audio transformer).
A part may be a replaceable item.

Stage - A combination of two or more parts which form a portion of a
subassembly, A stage is usually considered as one tube or transistor,
together with its directly associated parts. (Examples: amplifier stage,
detector stage). In certain cases a stage might contain two or more
directly associated tubes or transistors such as in the case of a push-~pull
amplifier stage or binary counter stage. A stage is not a replacement
item itself. If an entire stage is repiaced, the replaceable item is termed
a subassembly, assembly or unit.

Subassembly - Two or more parts which form a portion of an assembly
and which is replaceable as a whole, but having a part or parts, which
are individually replaceable. (Example: IF Strip, terminal board with

mounted parts).

Assembly - A number of parts, or subassemblies, or any combination
thereof joined together to perform 2 specific function and replaceable
as a whole. (Example: audio-frequency amplifier). The distinction
between an assembly and a subassembly is not always exact. An
assembly in one instance might be a subassembly in another where it
forms a portion of an assembly.

Unit - Any combination of parts, subassemblies and assemblies

mounted together, normally capable of independentroperation in a
variety of situations. (Example: electronic power supply, radio
receiver). A unit is normally directly accessible (e.g., mounted
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on the front panel) and can be removed without prior disassembly
of the equipment or group. A unit may be a replaceable item.

() Group - A collection of units, assemblies, or subassemblies
which is a subdivision of an equipment (set) or system, but which
15 not capable of performing a complete operational function.
{Example: antennz group, indicator group). A group is not
normally a replaceable item.

(g) Equipment (Set) - One or more units and necessary assemblies,
subassemblies, and parts connected or associated together and
including all necessary cabling and accessories to perform an
operational function. (Example: radic receiving set, sound measur-
ing set. radar set). An equipment is not normally a replaceable
item.

(h) Subsvstem - A combination of equipments, groups, etc., which
perform an operational function within a system. Subsystems form
the major subdivision of a system. (Example: one station of a
communications system). A subsystem is usually located on one
ship, or in one geographical location.

(i) Svstem (Electrical - Electronic) - A combination of two or more
subsvstems or equipment, generally physically separated when
in operation, and such other assemblies, subassemblies, and
parts as are necessary to perform an operational function.
{(Example: communications system including all stations; fire
control system including the tracking radar, computer and gun
mount}.

2.1.3 Replaceable Item

A unit, assembly, subassembly, or part which is normally intended to be replaced
during corrective maintenance upon failure of the item.

2.2 Principles of the Maintainability Prediction Procedure
The maintainability prediction method described in this procedure depends upon
utilizing the estimated maintenance task times required for performing the

specific maintenance tasks which, in total, comprise a repair or maintenance
action. These maintenance task times may be obtained from tabulations,
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guch as Table 2-2, of Part A of this prediction procedure or they may be estimated
times as described in Part B. The sum of the maintenance task times is then
multiplied by the failure rate, expressed in failures per 108 hours to obtair ap
estimate of the number of maintenance hours required for that specific maintenance
or repair action. The mean value is then determined by summing the number of
maintenance hours and dividing by the sum of the failure rates.

A similar procedure is followed for preventive maintenance except that, in this
case, instead of using failure rate parameters, frequency, (f) is used which is
a measure of the number of preventive maintenance actions for a similar period
of 106 hours. Hence the mean preventive maintenance action time is the sum of
the product of frequency and preventive maintenance time divided by the sum of
the frequencies.

The symbols which are used for corrective and active maintenance are explained
in 3.0 which describes the application of this procedure,

Failure rates for use in performtng a maintainability prediction may be obtained
from, but are not necessarily restricted to the following:

(a) "Handbook for Prediction of Shipboard and Shore Electronic Equipment
Reliability'', NAVSHIPS 93820, Naval Ships Systems Command.

() ''Reliability Stress and Failure Rate Data for Electronic Equipment”
Military Standardizatior Handbook, MIL~-HDBK-217.

Through the use of this procedure quantitative predictions of maintainability can
be obtained in hours or in man-hours depending on which units of measure are
used for the maintenance action time.

3.0 APPLICATION

The application of the techniques outlined for both corrective and active maintenance
prediction arc described in Part A and Part B which follow:

3.1 PART A Corrective Maintenance Prediction Procedure

As stipulated in 1.0, General, this procedure is only concerned with the final
design stape phase of the product development cycle, The earlier and inter-
mediary design stages are not treated in this procedure. The prediction proce-
dures for these phases of the product development cycle are included in
NAVSHIPS 94324 and MI1~STD-470.
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3.1.1 Maintainebility Prediction During Final Design Stage

This procedure is intended to predict maintainab{lity at the final design stage.
It takes into account mll of the pertinent functional level and details available,
and is applicable when the information listed in 1.5 is available.

3.1,1.1 PredictHon Procedure

This maintainability prediction procedure involves determining the detailed functional
level breakdown of the equipment, establishing the functional levels at which mainte-
nance features are effective, and at which maintenance tasks will be performed,

and performing the prediction hased on equipment design features and approximate
part failure rates.

3.1.1.2 Determining Functional Levels of the Equipment or System

The first atep in the procedure is to determine the functional level breakdown of
the equipment or system. This is done by dividing the equipment or system into
ite various physical subdivisions beginning with the highest subdivision and
continuing down to the {tems such as parts, subassemblies, assemblies or units
that will be replaced in corrective maintenance. The various functional levels
or subdivisions {part, stage, subassembly, assembly, unit, group, equipment,
subsystem and ayatem) of concern ere defined in paragraph 2.1.2.

The functional level breakdown is most easily established and certain determinations
required during the prediction are mor.: easlly made if a functional level diagram
similar to that shown in Figure 2-1 is prepared. A hypothetical communications
system is subdivided into its various subsystems, ecquipments, groups, etc.,

down to the itemns that will be replaced during corrective maintenance. Fach branch
of the diagram is terminated with a circle which indicates the item or items that
will be replaced to correct malfunctions existing in that branch.

The connecting lines indicate physical relationships and not electrical or
operational connections. In preparing such a diagram, care must be exercised

in establishing the appropriate functiona! levelg for the various subdivisions,
especially where an item may have & nomenclature that includes the name of one
of the functional levels (e.g., "Power Amplifier Asgsembly'). In some instances,
the functional level location of an item may not be the same as the nomenclature
indicates.
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3.1.1.3 Determining Functional Levels at Which Maintenance Features Are Effective

After the functional level breakdown has been established and a functional level
diagran prepared, the functional levels at which iocalization, isolation, access,
alignment, and checkout features are applicable should be determined based on
the overall characteristics of the design.

The functional levels at which features for localization, isolation, alignment, and
checkout are effective for each replaceable item can be indicated on the functional
level diagram as shown by the symbols A in Figure 2-1. The access functional
level can be determined directly from the functional level diagram as indicated

in ¢ below, therefore, a symbol identifving it is not required. The functional
level at which each of these features is effective is determined and shown in the
functional level diagram as follows:

(a) Localization: The functional level to which a failure can be located without
using accessory lest equipment is indicated by A\.

(b) Isolation- The functional lcvel to which a failure can be located using
accessory test equipment at designed test points is indicated by A\.
If there are no designed test points below the localization functional
level, then isolation is assumed to be effective at the same functional
level ar localization,

(c) Access: The access functional level for a replaceable item is that
level to which disassembly must be accomplished in order to gain access
to the item that is to be replaced, and from which reassembly must be
accomplished after replacement of the item. Thig can be determined
directly from the functional level diagram as the functional level of the
first rectangular block above the replaceable item. For example, in
Figure 2-1, to replace a part in a modulator power supply access
must be gained to the unit level, and to replace a subassembly of the
TT Demod assembly access must be gained to the assembly
level.

(d) Alignment: The functional level from which alignment must begin
following replacement of a variable item such as potentiometers;
or following replacement of subassemblies, assemblies, or units
containing tuning drives, mechanical couplings or other major
adjustable devices is indicated by  A\.

{e) Checkout: The functional level at which restoration to normal services is
to be verified using self-test or other testing facilities is indicated by A\.
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3,1.1.4 Prediction

The actual prediction is performed using a worksheet such as that shown in
Figure 2-2. These sheets are prepared according to the instruction below
for the appropriate columns.

Step (1). “Item" Indicate the item being covered by the worksheet. When

individual parts are replaced indicate the item which directly contains the

replaceable part. When modular subassemblies, assemblies, or units are
replaced, indicate the item that is being replaced.

Step (2). "Method of Repair"” Indicate the type of item that will actually be
replaced to eliminate a malfunction.

Step (3). “Circuit Designation’™ List the circuit designation (e.g., V101)
of each part in the item designated at the top of the worksheet, with the exception
of the following categories which should not be listed:

Mechanical hardware such as:

gear trains chassis rollers
clutches (mechanical) 8CTEewSs
bearings nuts

cams washers

dials and registers tube shields

Electrical hardware such as:

feed-through terminals wiring harnesses

terminal studs sockets for plug-in parts or subassemblies
wiring terminal boards

cables printed wiring boards (board only)

VWhen the worksheet covers a replaceable modular subassembly, assembly, or
unit, begin the list on the second row of the column,
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Step (4). "Part Type' List the identifying names or type designations of all
parts opposite their respective circuit designations. When the workabheet covers
a replaceable modular subassembly, assembly, orunit, enter the designation

of the replaceable item (n the top row of the column followed by the designation
of each part.

Step (5). "Failure Rate" List the failure rate A, of each part opposite the
appropriate part designation. The fatlure rate for each part and tube in the
equipment can be determined by use of standard reliasbility prediction methods
with applicable electrical and thermal stress conditions considered. Fallure
rate data should be taken from sources which consider only true random
catastrophic failures sssocisted with normal equipment operation. Sultable
references for {ailure rate data were listed in 2.2,

When using these references care should be exercised in not mixing failure
rate data of one with the other. Once a selection has been made this same
reference should be used throughout uniess other failure rate data not included
therein is required. In this case other sources may be used if justified and
approved.

Determine the sum of the A \.r‘nlues listed and record this value in the "sum"
space at the bottom of the "A" column.

Step (6). ''Maintenance Task Times" (Columns 6, 7, 8, 9, 10, 11 and 12).

For individually replaced parts determine the maintenance task times through

the use of Table 2-2. For each part, record these task times in the appropriate
columns opposite the respective part designations. For replaceable modular
subassemblies, assemblies, or units, determine a single time interval for each
maintenance task for the overall replaceable item and record each time interval
in the top row of the appropriate maintenance task column. Table 2-2 provides
charts for determtning maintenance task times for the localization, isolation,
disassembly, reassembly, alignment, and checkout tasks. Interchange time

is determined through the use of work factor data as shown in Tables 2-3 and 2-4.

The use of the charts in Table 2-2 requires determining the specific "functional
level” within the equipment at which all maintenance features are effective.

As used in this procedure, "functional level" denotes the physical subdivisions

of electronic equipment at which diagnostic, replacement, and test features

are effective. The functional levels under consideration are: 1) part, 2) stage,

3) subassembly, 4) assembly, 5) unit, 6) group, 7) equipment, B8) subsystem,
and 9) system.
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TABLE 2-1

AVERAGE PARTS FAILURES PER PART PER |0 HOURS BY PART CATEGORY 1Y

Fallures/10® Failures/10®
Part Category Hours Part Category Hours
Capacitors Reclifiers (Power Selenium) 2.98
Fixed
Ceramic, Feed-Thru 2.06 Relays 2.86
Ceramic, (Other Than
Feed Thru) 0.57 Resistors
Electralytic 2.48 Fixed
Mica 0.46 Carbon Composition 0.36
Pxper 0.50 Carbon Film 0.39
Metal Film 0.51
Variable Other Film 0.60
Air 0.13 Wire Wound 1.40
Ceramic 0.087
Plastic 0. 00045 Varisble
Vacuum 3.08 Composition 0.42
Wire ‘Vound 0. 84
Connectors 0. 058
Resolvers 25.47
Counters, Mechanical 4. 54
(Tally Register Type) Sockets 0.042
Crystals, Diode 2.98 Swilches 0.48
(Signal Detector and
Mixer) Synchros 1.80
Crystals, Frequency 1.36 Transformers 1.16
Hardware Tranaistors 1.03
Electrical 0.033
Mechanical 0.082 Tubes, Electron
Crt 24.66
Inductors (Deflection, 0.28 Magnetrons 544. 54
Focus, Pulse, Filter, Receiving (including
R. F. Colls) VR Tubes) 9.42
Special Purpose and
Meters Transmitting (in-
Electrical 1. 36 cindes ATR, TR,
Mechanical 2.19 Kiystron, Thyratron) 42.88
Motors Vibrators (Chopper) 32.18
Blower 2.85
Resolver 25.47
Synchro 1.80
Other 5.84

1/ Reproduced from Handbook for the Prediction of Shipboard and Shore Electronic Equipment

Reliability NAVSHIPS 93820.
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The charts in Table 2-2 are used in the following manner:

The appropriate chart, TUBES or PARTS. is selected depending on the tvpe of
item to be replaced. The application notes for the charts define the specified
types of items each chart applies to,

To obtain localization and isclation time. the chart is entered using the FUNCTIONAL
LEVELS column headed by the tvpe of replacement that will be made. For example,
replacement of a part would indicate Column 1, a stage; Column 2, a subassembly;
Column 3, etc. To obtain disassembly, reassembly, alignment, and checkout

times, the chart is entered using Column 1 only.

The appropriate corrective maintenance task column is determined by the type
of maintenance task being considered.

The row for the maintenance task time is found by determining the functional
level at which maintenance features are effective, or at which each corrective
maintenance task is performed.

Special limitations, regarding specific application of the information and data

in Table 2-2 are detailed in the application notes associated with the table,

The average maintenance task times shown in the PARTS chart are not applicable
to mechanical devices such as gear traing and bearings. In addition, the interval
between the time a malfunction occurs and the time that an operator or maintenance
technician becomes aware of it has been excluded.

Examples

The following examples are presented to demonstrate the use of Table 2-2:

(1) The Modulator Power Supply, illustrated in the Functiona! Level Diagram
of Figure 2-1, is demonstrated in this example because of its apparent
localization and isolation features. From the Functional Level Diagram,
localization for the power supply is determined to be effective at the
Equipment Level. Considering the Power Supply to be a plug-in chassis,
then the Tubes Chart of Table 2-2 is used. Since the Power Supply is
located at the Unit Level where failure can be removed and localization
is effective at the Equipment Leve!l, then the chart is entered from the
unit Column (5) down to the intersection of the Equipment row, This row
is then carried over to the intersection with the localization column where
the maintenance task time is read as 0. 037 hours.

2-19



IRARY

TECHNICAL LI

MIL- HDBK-472

24 May 1966

q!) — T T 7 — -
LI u o pth e F I ) et o —on |
. J— - 4 — e ———
14 X ] L W te v 0ot ¢ ast o wsig !vw
——— 4 t
i e v e 0 L e niv v ons bagm. el 11 wup
b——— - -+ b~ ——-
iy (17X} (kX1 ol e 1o Nomsdint 4 waislngng wamiy -
e - ~ —_ _—
w2 a i b f oss 0 (R X} L 20l ¢ nean wauchab e dngey, e iy oy
e e [T .t 00 | o Wy oan moudint g | wowiagng e LN
- = —
“wie oLu o el @ e on il ris o T assey ey s, | momdind g | womiogng wamidy MO
————g— — -
LA 1L X e & "W 1ty "o o A reswgng A Guide ry [T @ity | mawdanky wape Lo gy e Ay -0,
—_ —4 — -
Y i.00 e w0 [N so o -’nm sy Ajquseny 1y drwiny | moustinky | wemiogug AW Ag -~

b—— ——— — C e — — —— -

' TAN ] LA nwi ART 2 alat o Fiie ® e g Weg | cnsssmmgng [ Clgae Sy [TRY 0 | ety wambeqrg | waa,
g | iy | Ausseeay | igwesnsng| | soimioer | soimarimnn ) T . » 5 » i . v

141 GANINA W i an T ) QIAORIN ST ALV IS MOAONNL 13437 TYNOLL IR S IH]
‘ AL DNINNID @ NRATOD 351 AN NOLLY TOS GNY XORLYZEEY 30 1 misin g 44 34 [ 13V
SNEVL LINVA LRIV 3AMODINNO) SIBAZL TV MOLLINILS
INNTUVA JuVa A OBV
NOWL RN TV NILSAE O INTRANDT INLYNINITI ¥O4 BNV
FINVRAI N YN DAL VTHEOGD WHOIW DS 08 (6U.IOK) 5 IWIL IDVH 4aY
o vy

ﬁ weo L X ) 0e 0 L] ”y Qi by

- -
iwa ‘008 e vio o ot | [N wemidg oy
1™ e i TR ] e o uo L [T5TRYY wewiogps wryalg oy
IR uio g ton @ @®oo 106 ¢ $100 mowdiab 3 wam isgng wwig ey
v a e Ll Heae Lt Cs0 v L D] wormornhy wamANghg waw iy Moy
L N ] LY 3 io e o K30 Lsu 0 ) EL XD M2udinb} | warssegry wamiy oy
i Q we te1 a Lzt e " e S0 Ajquusery, ey a0y | maustind g | wemdeqag wBAR oy
w1 @ ‘re e i e tl 8 L T BN A qus se e gy djquminsy nw anciny | mamtinby, W Adgng wemig ~o)

b —- —
[EIN] s d &a 0 wee S @ otu o g | Aycpaserogny [T pe el | mwawdnb | | wnsiogng Ay oy
1o e we e [RAN ] Fat 43 oo ey ey | Gqueereg | slqwasey [reny Lo RN RUSTTRY 3P VST FUE N IR

Bt ey | wociuBipy § Ajquaereay | ey T29NN 0N | wouRIm U ] [ 4 1 ] 14 - € - %
sy .—ld’- P SIBONDY K} —nO,.- VUK AE ST AN YT 4 HOEH MO RN 13A1Y VNG N DY) THL
Hitn DIURNDTE NINYTO ) 48 4 it wOILY TOw] ONY KOLEN 70 ¥ D0 | iNISUYM 44 2a) MO ¢
WS L S OONVR IINIVIA (ALL.43NNLD SIZATY TVvMeMl b

LLARTLFURT BT QEATRTNTSY 4
MM NV IV WEESAS MO La AWADT WYIYHINETS MO1 ENSYL
FINYS I NIVIN 3ALL DINMOD WH N 32 ) YO p INU IWHI Y

FLILRY

i

-l 31¥/1

A SINLL NSVLE AUNY NNV

yE—

2-20



TECHNICAL LIBRARY

MIL-~-HDBK-472
24 May 1566

TABLE 2-2 (Continued)

APPLICATION NOTLS AND DE FINITIONS

NOTES ieee superscrip! letlers on sheet 1)

[ ¥

b,

1. The average task times in the TUBES chart should be applied to (roal pasnel fupes, eacased plug-is modular
subsssemblies, plug-in crystals, and tubes (exciuding special purpose tubea).

t3

The sverage task times in the PARTS chart should be spplied to fuses not on the Iroat panel. (ransisiors,
special purpose tubes imagneiroes, kiystrong, elc.), wired in non~-sealed modules, and ail elecironic
parte (resistors, capacitors, \nductors, trapsiormers. etc.).

The tolal replacement time sbould include diasasembly time, inlerchange time and reassembiy time However,
since ar sverage interchange time applicable (o all slluations I3 difficult to obirin, tt has not been Included tn
the tabuiated average lask time. Interchange lLime must be determined {rom Table 1-3-13.

i Specilic techniques are used 1o isolale tube [3tlures. The designer mus! consider these lechniques In
determiaing Ag for tubes.

(a) Test pointe are normally oot used to isolate tube {allures.

(b) Tbe most common method of lsolating tube fallures during corrective maiotenance (s by substitution of
& known good lube for the suspecied tube, Although isolation jestures sy be effective al the unit or
aspembly level, tube teolation can be sccompltebed al the tube or siage level through substitution means
without usiang ezt pointe.

{c} Some tube {allures {openr lllaments, broken eovelope, elc.) cap be jocsied visually; however, this is
true in only a very small percentage of canes. )

2. Because the task durations were derived from held data, Lhis iscisiion time includea the tube checks, elc. .
tbe electronic technician usually makes before deciding 1o use test points and point-io-point checks. This

sverage time aiso accounts for the point-to-polst checks which would usually be required to isolate & failed part,

The average time t{ntervale in this chart do aol include administrative time. Admicisirative time consists of time
expended in part procurement (time spent by maintenance persoadel in oblsining replacement ilems) and ia aoo-
technical shipboard routine (inspeclion, eating, other military duties, etc.).

When equipment maintenance features ensble localization to the functional level through which failure is being
removed (the top row of FUNCTIONAL LEVELS columna}, do ool use the value shown in the ISOLATION columa at
this functional level, instead use 0. 000 hours.

To determine the time {or the disassembly, resssembly, slignment and chechout tasks, the designer should only
use column 1 of FUNCTIONAL LEVELS in the appropriate row a3 which the tash is periormed.

To properly spproximate the checkout time, enter column ) al the [unctional leve! at which the checkout is being
madr and multiply by the number of operational modes affected by the replsced juncuional Jevel.

A study made al the Federa! Electric Corporation of 762 tube replacementis 1n one type of shiphoard transmitter
indicated Lhat only 50 failures (7%) could possibly have been localed through visual means.
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2) Similarly, isolation for the Power Supply ie determined to be effective
at the Un:t Level {from the Functional Level Diagram, Figure 2-1,
Thus entering the Tube Chart of Table 2-2 in the Unit Column (5)
to the Unit Level row intersects at the top row. Carrying this row
over to the intersection with the Isolation column presents a maintenance
task time reading of 0. 265 hours.

(3) If an equipmcnt must be disassembied to the unit level to replace an
assembly, the disassembly time will be 0. 094 hours. This time is
obtained by locating the intersection of the UNIT row of Column 1 of
functional levels, and the DISASSEMBLY column. Note that functional
levels Column 1 is used in all cases except localization and isolation.

Step (7). "Interchange Time" This time can be obtained from Table 2-3 for

most types of tubes and replaceable items. For items having mounting methods
not conforming to the description given in Table 2-3, the interchange times can be
determined from Table 2-4.

In determining the interchange time from Table 2-4, each detailed step (unsolder
joint, remove unit, etc.) involved in removing a failed item and in positioning

and attaching a new item must be accounted for with a specific element time
interval. The same time interval for an attaching step can be used as an approxi-
mation for a corresponding detaching step. The interchange time ior an item is
equal to the sum of all time intervals. An example of determining interchange
time for a part is shown in Table 2-5.

Step (8). "Rp" Determine the repatr time (R) required for perform..ig a single
corrective maintenance action in the case of failure of each replaceable item by
adding the values recorded on the worksheet in Columns 6 through 12.

For individually replacgd parts, Ry is determined independently for each part,
and is recorded in the Rp" column of the worksheet opposite the respective part

designation.

For replaceable modular subagsemblies, assemblies, or units, Ry is determined
once for the overall replaceable item, and is recorded on the worksheet in the
top row of the Rp" column.

Step (9). ARp" When individual parts are replaced, multiply each recorded
part failure rate { A) by the respective value of Ry, and record the product in the
"ARp" columnp opposite the respective part designation.
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INTERCHANGE TIME

TUBES AND FUSES

PART TYPE AVERAGE TIME (HOURS)
Plug-in tubes 0.015
Wired tubes (4 wires) 0.149
Wired tubes (more than 4 wires) 0.148 + 0.034 per wire over 4
All tubes with shield ADD 0. 007
with clamp ADD 0,027
with cap ADD 0,007
Plug-in fuses 0.010
Screw-in fuses 0.015
All fuses with screw cap 0.014

PARTS OTHER THAN TUBES AND FUSES

PART TYPE AVERAGE TIME (HOURS)

b e

Darts with 2 wires or 2 tabs
to be soldered 0.081

Parts with more than 2 wires or
2 tabs to be soldered 0.081 + 0.034 per wire over 2
with clamp ADD 0.027

Parts attached with screws,
nuts, and washers ADD 0.022 for each screw, nut and
washer combination

NOTE: For attachments not conforming to the above type determine the inter-
change time by using work factor data, Table 2-13
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ELEMENT TIMES BASED ON THE WORK FACTOR SYSTEM

ELEMENT DESCRIPTION ELEMENT TIME*

{Houres)
1. PLUG-IN'S (includes handling)
Pin-type tubes, plug-in parts, etc. 0.007S
Tube cap or shield 0.003%
Fuse
Insert ino borizontal holder 0. 0050
lnsert inlo vertical bolder 0. 0075
2, WIRING AND SOLDERINGC
Wire - wrapping and spliciog
Bare copper wire (1) End 0.0150
(2) Ends 0.0237
Jumper wire and cable leads (1) End 0.0134
(2) Ends 0.0265
Part with axial ieads (iacludes part handling)
(1) Eod 0.017¢
(2) Ends 0.0388
Soldering
Per joint 0, 0058
3., REPLACEMENT WITH HARDWARE
Replace screw into tapped hole 0.0093
Replace screw through clearance hole 0.0023
Replace washer 0.0018
Replace out 0. 0071
Replace stop nut 0.0210
Replace set screw 0.0075
Apply giyptol screw 0.0018
4. PART HANDLINGC
Pull up part and position in chassis for assembly 0.0025
5. PRINTED CIRCUIT WIRING
Replace (insert) 0.0033/End
Solder 0.0056/End

* The interchange task aboard ship does not invoive the repetitive (cyclic) factory type of regularly
occurring motions; therefore, these ioterchange element times are based on non-cyclic and
irregularly occurring motions,
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When subassemblies, assemblies, or units are replaced, multiply the recorded
sum of A's from space 17) by the recorded value of Ry,

Determine the sum o.f. the ")\Rp values listed and record this in the '"'sum" space
at the bottom of the )\Rp column.

Step (10). "log Rp List the logarithms of each recorded value of Rp in the

log Rp column opposite the respective Rp value. Where values of Rg are less
than one, the logarithms should be expressed as negative numbers. (For example,
log 0.25 = 9.3979 - 10 = -0.6021).

Step (11). “A log Rp" When individual parts are replaced, multiply each recorded
part faflure rate (A) by the respective value of log Rp for that part, record the
product in the A log Rp  column opposite the appropriate part designation.

When subassemblies, assemblies, or unite are replaced, multiply the recorded
sum of A's (from space 17) by the recorded value of log Rp.

Determine the sum ?f the log Rp values listed and record this in the "'sum" space
at the bottom of the"A log Ry" column.

3.1.1.5 Obtaining Predicted Maintainability Parameters
After all worksheets are completed, the data should be consolidated to determine:
(8) Equipment failure rate { 2 \). This is the total of all recorded sums
of failure rates (the value recorded in space 17 of the worksheet
illustrated by Figure 2-2).
() Z)\Rp This is the total of all recorded sums of )\Rp (space 18).
{c) X log Rp This is the total of all recorded sums of A log Rp (space 19).

3.1.1.6 Calculations

(a) Mean time to repair (MTTR). The predicted MTTR can now be obtained
by the calculation:

Z AR,
PN
{b) Geometric mean time to repair (MTTRg). The geometric mean time to

repair, which is the median Equipment Repair Time (ERT) when the
repair times are log normally distributed, is calculated as follows:

MTTR =
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2 (X 10g Rp)
ZA

3.2 PART B Active Maintenance Prediction Procedure

MTTRg = ontilog

4.2.1 Corrective Miintenunce Prediction

The forms which are used to perform a corrective maintenance prediction are
shown in Figures 2-3 and 2-4 which are labelled Worksheets A and B. respectively.

The step by step procedure is as {ollows:

(a) Column A. Part ldentification: List identifving part numbers. names
and type designation of each part.

(b) Workshect A - Column B, Circuit Designation: List the circuit designa-
tion of each part in the product except for the following categorics for
which no circuit designation shall be listed:

1. Mechanical hardware

2. Electrical hardware such as:

Feed-through terminals

Terminal studs

Wiring

Cables

Wiring harnesses

Sockets for plug-in parts of subassemblies
Terminal boards

Printed wiring boards (board only)

Circuit designations of subassemblies or assemblies (e. g., modular
assemblies) that normally will be replaced upon failure of any part
contained therein shall be listed separately, followed immediately by
the circuit designations of all parts included in that subassembiy or
assembly. Part listings shall be grouped on worksheets according
to product subdivisions (e.g., unit, equipment, set, system, etc).

(¢c) Column C, Failure Rate: [A): The failure rate of each part shall
be determined in accordance with MIL- STD-756. The failure rate for
each part, in part failures per 108 hours, shall be listed in Column C
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()

oppositc the respective part identification. For parts with life
characteristics measured (n units other than time, an operational
analysis shall be performed and a A In part fallures per 10€ hours
shall be computed. The sum of all part failure rates { 2, A} on each
sheet shall be determined and recorded in the space at the bottom of
Column C.

Column D, Loczlization: E, Isolation: F. Disassembiv: G, Interchanges:

H, Reassembly; J, Alignment: and K, Checkout: List the estimated

average time required to perform each of the listed corrective maintenance
tasks corresponding to the respective part identification. This may be done
by following a sequence of steps, similar to, but not necessarily restricted
to the following:

(1) Assuming that each component fails in its most likely mode, note
the fault localization features and determine the necessary steps
to localize the fault to the module or function. Estimate the
average localization time.

(2) Determinec the average isolation time by referring to schematics,
noting the location of test points and estimate the observations
and steps required to isolate the trouble to the failed component.

(3) Note mechanical assembly detalls by referring to mechanical or
assembly drawings, as required, to estimate disassembly time.

(4) Observe the method used to attach a failed component to its mounting
surface and perform an analysis to estimate the interchange time.

(5) Refer to mechanical drawings and determine the steps required to
reassemble a con:ponent to its required state. Estimate the
reassembly time.

(6) When alignment or adjustment is required, note the characteristics
of the end result and estimate the time required to perform the task.

Estimate the alignment time.

(7) Estimate the check-out time by reviewing the minimum established
performance procedures.
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Column L. M.: The sum of the values recorded in Column D, E, F, G,

H, J and K shall be determined and recorded {p Column L which is headed
M, the man-bours needed to perform a corrective maintenance task.

Column M, )\Mc: The value of each Mge multiplied by the respective value
ol Tailurc rale () )shall be recorded in Column M opposite the respective
part identilication. The sum of all ()\Hc) values on each sheet shall be
determined and recorded in the space indicated( ZXMC) the bottom of
Column M.

Worksheet B: Figure 2-4 shows a copy of Worksheet B. This i8 used to
record the results of the summation of (2 A)and (ZAMC) shown at bottom
of Worksheet A. In essence then, the sum of all the entries in Column 2

of Worksheet B, 18 the sum of all the faflure rates {2, \) and represents
the failure of the equipment or product and hence is called the '"Product
Failure Rate'". Similarly, the sum of all the(Z)\Mc)values appearing

at the bottom of Column 3, Worksheet B is the total corrective maintenance
downtime per 10% hours. Hence by substituting in Equatton 2-6 the mean
man-hours for corrective maintenance -ﬁc is obtained. This equation is
repeated for immediate reference,

- . Z (M)
=
ZA

3.2.2 Preventive Maintenance Prediction

Worksheets C and D are used to record the data required to calculate the mean man-
hours of preventive action Mp. The forms are {llustrated by Figures 2-5 and 2-6.
References such ag Column "A', Column '"B", etc., refer to the respective columns
of Worksheet C. References such as "Column 1", Column 2", refer to the respective
columns of Worksheet D.

Column A, Description of Preventive Maintenance Taskg: Determine all
of the preventive maintenance tasks that must be performed during the
service use of the product. A detailed description of each task sball be
presented in a separate report. Determine those preventive maintenance
tasks which can be performed while the product is operating. Determine
the frequency of occurrence and man-hours required to perform each task.
The frequency of occurrence, man-hours required, and a statement that
the tasks can or cannot be performed while the equipment is operating
shall be included in the detailed description of each task. A briel descrip-
tion of each task that cannot be performed while the product is operating
shall be listed in Column A.
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Column B, Frequency of Occurrence(t): The frequency of occurrence of
each task, listed in Column A, shall be determined using existing data.

The frequency of occurrence for each task, in events per 108 hours of
calendar time shall be listed in Column B opposite the respective task.

The sum of all frequencies of occurrence on each sheet ghall be determined
and recorded in the space at the bottom of Column B.

Column C, Mp: The man-hours required to perform each task shall be
determined using existing data. The man-hours required for each task

shall be listed in Column C opposite the respective tasks.

Column D, fMp: The value of each frequency of occurrence multiplied

by the respective value of man-hours required shall be recorded in
Column D opposite the respective tagk. The sum of the values appearing
in Column D shall be recorded in the space provided at the bottom of
Column D.

Worksheet D: The Worksheet C sheet number shall be recorded in
Column 1. The sum of each Column B on each Worksheet C ghall be
recorded in Column 2 opposite the respective Worksheet C sheet number.
The sum of each Column D on each Worksheet C shall be recorded in
Column 3 opposite the respective Worksheet C sheet number. The sum
of all values in Column 2 shall be recorded in the space marked
"Frequency of preventive maintenance tasks' at the bottom of the last
Worksheet D. The sum of all values in Column 3 shall be recorded tn
the space marked '"Total preventive maintenance time per 10® hours of
operation' at the bottom of the last Worksheet D.

Calculating Mp: The mean preventive maintenance time, Mp in man-hours

is calculated by substituting the data recorded in Worksheet D in equation
(2-7) which is repeated for immediate reference, namely:

— 2 (fMp)

M. =
P
2

Calculating M: The mean man-hours of active maintenance which term
includes preventive and corrective maintenance is determined from

equation (2-8) namely:
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(2)\) ﬁctl + (Zf) wp"j
2)\'.; + th.j

() Calculating MI: The MI (Maintatnability Index) shall be calculated by
substituting in equation (2-9) which is:

(ZN) Wy, » (Z1) Wt

t

MI =

2-31
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Worksheet B
Contractor Date
Contract No. Sheet of

1 2 3 1 2 3
ZA 2N, 2 )3 YYR
Worksheet A | Column C | Column M| | Worksheet A | Column C | Column M
Sheet Number Total Total Sheet Number Total Total
b

Subtotals Subtotals

Product failure rate, ZX

= Total of column 2 subtotals

Total repeir time per 108 hours,Z)\McL‘ Total of column 3 subtotals

rfigure 2-4 Worksheet B
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Contractor Date

Contract No. Sheet of
o 1 [ )
1 2 3 5 i 2 3 s
2t Zitvp |l 2 Zimp |
Worksheet C | Column B | Column D || Worksheet C Column B | Column D ¢
Sheet Number | Total Total | Sheet Number Total Total Ji
" 4‘

)

Subtotals

Subtotals

Freguency of preventive maintenance tasks, f = Total of column 2 sub-totals
Total preventive maintenance time per million hrs, fMp = Total of column 3

Figure 2

-6 Worksheet D

sub-totals
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PROCEDURE Il

1.0 GENERAL

This maintainability procedure describes a method of performing a maintainahi-lity
prediction of ground electronic systems and equipment by utilizing the basic
principles of random sampling.

It outlines the methods used for selecting random samples of replaceable items
from the total complement of components comprising the svstem; subdividing

this sample into smaller sub-samples by discrete classes of items and conducting
a maintainability analysis for every replaceable item in the sub-sample. Typical
classes of replaceable items are listed as transistor, receiving tubes, trans-
mitting tubes, etc.

The methods of scoring each maintenance task in the "repair by replacement”
cycle are also detailed. These include the use of design check lists containing
a description of applicable scores and scoring criteria and the substitution of
these scores into a regression equation, the solution of which, results in an
estimate of downtime.

1.1 Philosophy, Assumptions and Summary

The underlying philosophy of this procedure is that system failures are principally
due to the maifunction of replaceable items and therefore, the time cycle for the
var.nt - steps required to replace these items is a measure of downtime which is

a paerameter of system maintainability. The duration of this downtime is assumed
to be a function of specific design parameters which relate to: the physical
configuration of the system; the facilities provided for maintenance by the design;
and the degree of maintenance skills required of personne! charged with the repair
responsibility.

Accordingly, it is assumed that a similar type of maintenance activity is required

to repair a part of the same class when "repair by replacement' is used because

the same steps are followed. These include the time required for preparation, fault
location, fault correction, adjustment and calibration and final test. On this basis,
it is inferred that the analysis of the times required to perform each listed step
comprise maintenance tasks which can be evaluated in terms of elapsed time.

The various classes of replaceable items are subdivided into categories such

as transistors, receiving tubes, transmitting tubes, resistors, capacitors, etc.
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The procedure also assumes that because of a basic uniformity of design, a random
selection of replaceable items by class will provide a representative sample of
maintenance tasks whose time of performance can be established by simulation

in a manner representative of gystem characteristics in actual operation. The
method of seiection of this sample is described in detail in Sections 2. 0 and 3. 0.

The assignment of the times of performance for each of the steps involved

in the maintenance cycie, commonly referred to as maintenance tasks, is
determined by using three types of check lists. These are intended to provide

a uniform method of scoring the various maintenance tasks and are labelled
Check Lists A, B and C respectively. Check List A is used for scoring physical
design factors, Check List B scores design dictates-facilities and Check List C
is used to score design dictates-maintenance skills. The theory is employed that
by using these check lists which include uniform scoring and scoring criteria,
variations due to individual appraisers are minimized and the resulting scores
can then be correlated with actual downtime. A regression equation (Equation 3-7)
is provided for this purpose which provides a corresponding estimate of downtime
when the numerical, A, B and C scores are substituted therein.

1.2 Applicability

This maintainability prediction procedure is used to predict the mean and maximum
corrective maintenance downtime for ground electronic systems and equipment.

1.3 Point of Application

The procedure is adaptable for performing maintainability predictions during the
Design and Development Stage. Usually prior to completion of design, & gross
estimate is performed as a first step. This is later followed by more detailed
estimates as development progresses.

1.4 Basic Parameters of Measure

The basic parameters of measure are:

Mct = mean corrective maintenance time

mean preventive maintenance time

F 3
-1
'

mean downtime

r
-~
n
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Mmox = mMmaximum corrective maintenance time (35% Confidence Level)

The mathematical equations for each of the parameters of measure are shown
in 2.6.

In this application preventive and corrective maintenance are defined as follows:
1.4.1 Preventive Maintenance

The maintenance performed in an attempt to retain an item in a specified condition.
1.4.2 Corrective Maintenance

The maintenance performed, as a result of a failure, to restore an item to a
specified condition.

1.5 Information Required

In order to accomplish the task predictions the evaluator must have detailed
information and have accessibility to, and be familiar with at least the following:

@) Schematic diagrams

(b) Physical layouts

{c) Familiar with the functional operation of the equipment

(d) Description of tools and test equipment

(e) Maintenance aids to be incorporated in the prime equipment

() A description of the operational and maintenance environment
1.6 Data Basis
The data utilized for the development of this prediction procedure were obtained
during the surveillance of three equipments of varying complexity, use, maintenance
and packaging concepts, and the nature of the circuitry. The three equipments were:

(@ AN/FPS-2: Long range search radar, two channels. Average com-

plexity is 10,976 parts. Maintenance is performed at the "'part level".
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() AN/FST-2: Two-channel data processor which converts analog radar
returns to digital form. Average complexity is 114, 500 parts.
Maintenance is performed at the "module level”.

(c) AN/GKA-5: Time-division data link transmitting equipment. Contains
both digital and radio frequency sections. Its average complexity is
44,520 parts. The digital section uses boards and maintenance is
provided by '"'modular replacement', that is replacing the defective
boards at the "board level". The radio frequency section is comprised
of individual parts and maintenance is performed by replacing defective
parts.

1.7 Correlation Between Predicted and Observed Values

The correlation between predicted and observed values can be good provided
that adeguate information is available and mature experienced analysts are used,

The following is a tabulation of some typical results.

PREDICTED VERSUS ACTUAL TIMES

Equipment Type of Data Active Downtime (Mins. )
AN/FPS-6 (Radar) Fina] Design Prediction 67.26
Actual 94.03
AN/GRT-3/GRR-7 Final Design Prediction 51.90
Actual 63. 31

Although it appears that in the case of the Radar AN/FPS-6, the actual measure

of maintainability does not correlate with the preliminary and final design predic-
tion, it has been verified, that this has been due to a nonrepresentative sample

of maintenance tasks. This was demonstrated by selecting maintenance tasks

for simulation from actual failures in the field, the analysis of which, resulted

in good correlation. The recorded data also show a high degree of correlation
between the actual and predicted values of maintainability for the AN/GRP-3/GRR-17.
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2.0 ANALYTIC FOUNDATION

The fundamental approach to obtaining a maintainability prediction of a complex
system or equipment is to randomly select, for maintenance analysis and
evaluation, a representative sample of replaceable items from the total popu-
lation of parts and components which comprise the system. This total sample
is termed sample size, N, because it includes parts and components of all classes
of items in use. The N sampie is then subdivided into a number of sub-samples
of Bize n, termed Task Samples. Each of these task samples represents a
specific class of parts such as; resistor, capacitor, motor, etc. The size of
each n sample (Task Sample) is determined by considering the relative
frequency of failure for a particular class of replaceable items. This means
that classes of items having a higher fallure rate would be represented by a
larger sub-sample than those of classes having a lower failure rate.

The details of the technique for determining the sample sizes, accuracy and
confidence levels are explained in 2.1 and Section 3.0. The use of sampling in
predicting downtime is justified in this procedure, on the basis of uniformity

of design with respect to like categories of replaceable items. This implies
that on the average, it should take the same time to correct any resistor, or
capacitor failure as is required for any other resistor or capacitor since the
methods of mounting, fault location, adjustment, calibration, and final test

are similar for replaceable parts of the same ciass. Therefore, these maintenince
actions are referred to as sampies of maintenance tasks in order to provide a
status of universal applicability and the item to which these maintenance actions
are applied is called the maintenance '"Task Sample". On this basis if sufficient
maintenance task samples are randomly selected from each class of replaceable
items, these should suffice to provide a prediction of downtime for that specific

category.

The downtime is calculated by performing a maintatnability analysis of the
maintenance tasks which entails a step by step accounting of a logical diagnostic
procedure. This results in numerical scores which are assigned by following
certain scoring criteria of applicable check lists. These numerical scores are
then translated into a quantitative measure of downtime in hours by substituting
the scores in Equation 3-7 which is 2 regresston equation developed from past
studies and experience with comparable systems.

2.1 Determination of Sample Size N

The sample size is determined by substituting in the following equation:
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N = [ﬂ} (3-1)

¢ = confidence level
o

"

population standard deviation

x|
n

population mean

k = the desired accuracy of the prediction given as a
percent of the mean

2.2 Derivation of Equation for Sample Size N

Equation (3-1) can be established from an analysis of the Normal Curve, P,
assuming normality of the population and the Normal! Curve, S, of the distri-
bution of means of a sample of size N taken from the population. Figure 3-1
shows this relationship.

The first stipulation made in the derivation is that it is desired to know the mean
of the population (Curve P) within prescribed limits, i.e., X * k X where k

ie the accuracy desired. For example, supposc it were estimated that the
population mean is 100, and it is desired to state this value with 10% accuracy,
the required interval will be 90 to 110.

When samples of a specific size are taken from a particular population, it has
been found that the mean calculated for each sample will vary. These variations
depend upon the variance of the parent population and the size of the sample taken.
Moreover, the sample means distribute themselves normally (Curve S), having
the same mean as the parent population (Curve P).

The standard deviation (U;) of the mean distribution curve (Curve S) is related
to the parent population by the following expression:

O = g (3-2)

where:
Oy = standard deviation of samples of size N
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standard deviation of population

Q
"

z
]

sample gize

Thus, it is seen that the standard deviation of the sample means( O x ) is directly
proportional to the standard deviation of the population ( 0" ) and inversely

proportional to the square root of the sample size N. Therefore, within practical
limits, it is possible to have Oy take on any value by varying the sample size.

From Figure 3-1, the following relationship should be obvious:
kX = oy (3-3)

where:

¢ = confidence to be applied to the measurement
(Cp = 1.645 for 95% confidence)

k = accuracy

r L)

Substwting vaive of <y from Equation {3-2) we get,

c

u'i':cf)—ﬁ—

(3-4)

With stated accuracy requirements (k) and desired confidence (d)). it is necessary
to find the value of N which satisfies the capressed equality.

Solving for N:

2
bo

N = | —— {3-5)
kX

, the coefficient of variation, the equation may be

N = [c, -‘E]z (3-6)

k

If we label Cy =
written as:

x1|Q
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Figure 3-1. Comparison of Population and Sampling Mean Distributions
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This equation has been solved for several values of k accuracy for 95% confidence.
The results are shown in Figure 3-2. ""Sample Size Nomograph".

The use of the nomograph will be illustrated by the following example:

Example 3-1
Suppose the expected population mean and standard deviation are estimated

to be 100 and 50 respectively. Cy = g = S0 2 05

It is estimated that an accuracy of 10% is desired. From the chart, the sampie
size, N ., i8 approximately 67.

It must be recognized that the value of Cy must be approximated in order to be
able to establish the magnitude of the sample size N. Field experience with ground
electronic equipment has shown that when applied to thie procedure & good
practical estimate for Cy is 1.07.

2.3 Task Sample

It is important to emphasize at this point that there is a clear distinction between
Task S8ample and Sample Size, N, discussed in 2.1. Sample, N, contzins a
mixture of the total number of replaceable items that will be scored, which are
random!ly selected from the total quantity of parts in an equipment or system.
The Task Sample, however, is a Sub-Sample, or a percentage of N containing
within it a quantity of parts whicbh are representative of a specific category, or,
class of parts.

2.3.1 Taek Sampling

In the interest of clarity it should be stated that Task Sampling involves the
sampling of replaceable parts for evaluation of hypothetical part failures.
The results of the evaluation will, on the average, be representative of the
number of maintenance tasks which can be expected to occur, due to part
fatlure, under operational conditions.

Task Sampling becomes a necessity when the complexity of equipments now
appearing in the field is considered. For example, the AN/FPS-20 radar has
over 10, 000 active electronic parts and hence evaluation of each part with respect
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to its contribution to maintenance time would be both {mpractical and unnecessary
This is particularly true, when it s realized that the physical arrangement and
function of many of these parts are similar with respect to a maintenance task.
Therefore, the evaluation of randomly selected parts, within each Task Sample
will result in azcurate predictions of maintainability.

2.3.2 Task Sample Selection Technlque

{a) General Considerations: Through the consideration of various factors
agsociated with the failure and replacement of parts, the maintenance
capability of the equipment can be predicted. The malntenance time
thus derived is an estimate of the average time to accomplirh a
maintenance task under actual opera‘ing conditions.

(o) Process: The process of task selection is illustrated by Example
3-3 which is shown in 3.2. Reference to Tahle 3-1 shows that the
parts are listed by part class, quantity and average part fatlure
rate per 10® hours. The expected number of failures per 106 hours
per claes is computed as the product of the quantity of parts and the
average class fallure rate. The ratio of the expected number of
failures per 10% hours for a class to the total of the expected number of
fallures for all classes is the percent contribution to failure of that
class. The product of the percent contribution of each ciass and the
sample size N is the class sub-sample, n, which gives the number of
replaceable items to be analyzed for that class. The last column of
Table 3-1 shows the sub-sample sizes, n, rounded off to the nearest
whole number.

2.4 Applicatdon of Check Lists

Check lists are used to evaluate each maintenance step which is simulated for

each of the applicable number of maintenance tasks randomly selected per class

in the quantity as specified by the computational method described in 2.3 and 2.3.1.
Each of the check ligts are scored from 0-4 and the resulting scores are applied

to a regrassion equation (Equation 3-7) which is used to calculate dowmtime.

There are three general categories of design check lists which are used for
assessing design, support and personnel varialles.

a) Design Check Lists Assessing the D Variable: The basic types of
check lists which are used to asress design (D) variables are labelled
as A, B, and C. The principal variables which are included in these
check lists are outlined in the following paragraphs. For greater detail
it is suggested that refercnce be made to each individual check itat
{see Addendum A).
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(11 The A Check List is used W score specific maintenance tasks
that are a function of physical design variables such as
packaging, access characteristics, test points, displays, etc.

(2) The B Check List is used to score Design Dictates- Facilities.
These include such variables as: external test equipment,
conneclurs, assistance (operations personnel), etc,

(3) The C Check List evaluates the personnel requirements relating
to physical, mental and attitude characteristice. Typical of
the criteria are: visual acuity, logical analygis, memory,
endurance and energy, etc.

2.5 Linear Regression Equation for Downtime

The linear regression equation which is used to calculate the predicted downtime
18:

Mcy = ontilog (3.54651 - 0.02512A - 0.03055B - 0.01093C)  (3-7)

The coefficients of this equation were derived from 101 corrective maintenance
tasks appearing on appropriate check lists for the AN/FPS-20 long range
search rudur, AN/FST-Z two channel data processor and AN/GKS-5 data link
transmitting equipment. The symbol Mgt means corrective maintenance time
and the letters A, B and C, respectively, represent the scores obtained by the
use of the respective applicable check lists.

2.6 Mathematical Relationships ¢f Maintenance Times

The applicable mathematical expressions for calculating the various maintain-
ability indices are shown below:

N
Wy = % Mot (3-8)
N
where: W¢t = mean corrective maintenance time
N = sample size of corrective maintenance tasks
Mcy = corrective maintenance time of individual maintenance tasks
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similarly: N
2 M
- pt
Mpt = 1! (3-9)
N
where:
Mpy = mean preventive maintenance time
Mpy ° preventive maintenance time of individual maintenance
tasks
Mmax 1S expressed as:
Mmox = ontilog [009 Mey ¢ 16459 log Mct] (3-10)
where: Ne
Z log Mgy
tog Mgy = _t2! = meon of log Mcy
Ne
bl 2 2
2 (iog Mcy) - (2 1og Mgyj) Me
and O log Mgt = izl cti sl cu
Nc’ 1
My = (3-11)
t -
Fe - Fp
where:
ﬁt = mean downtime
F = number of preventive and corrective maintenance
pr c

tasks per thousand hours
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3.0 APPLICATION

3.1 General Approach

The maintainability prediction technique for evaluation of electronic equipment
is accomplished in four steps as follows:

(a) Determination of sample size, N

(b} Determination of task sub-samples, n
(c) Prediction

(d) Calculation of maintenance indices

Briefly the statistical selection of a sample of failed parts/components and the
quantitative evaluation of the contribution that each assumed failure makes to
the total equipment maintenance time, permits the calculation of the overall
equipment mean downtime. The justification for, and the steps involved in,
determining the total downtime, are given in detail {n the text that follows.

The use of this method permits the calculation of an accurate system maintain-
ability figure, without requiring the time consuming empirical evaluation of
the maintainability of each part/component in a complex electronic system.
Detailed explanations for each of those steps, plus illustrative examples of

the process, are contained in the following paragraphs.

3.1.1 Determination of Sample Size

The sample size to be used in the prediction is dependent upon the statistical
accuracy desired. With stated accuracy requirements (x) and desired confidence
level, (4)) , the sample size (N) which satisfies these requirements is computed
as shown in Equation (3-1) which is repeated here for convenience: 2
do
N = rm———
kX
3.1.2 Step-by-Step Procedure for Calrulating Sample Size

(a) Decide on the accuracy (k) or precision of prediction desired; that is,
decide how large a confidence interval is adequate for prediction
purposes and express that interval as a percent of the expected MT TR
{the latter is to be expressed in minutes).
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(c)
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Decide on the level of confidence (¢) to be associated with the
interval determined in (a) above.

Obtain an estimate of the population value of the coefficient of
variation {Cx). The expression for this statistic is:

= L (3-12)
X

o

the population standard deviation of MTTR

x

n

the population arithmetic mean

(Note: The estimate of Cy may be based on experience with similar systems

on which adequate measures are available, If satisfactory data are not
available, use C, = 1.07).

)

where:

Substitute these values in the following equation and solve for Sample
Size, N: (This i8 a variation of Equation (3-1) in which Cy is sub-
stituted for o

X

2
e (2)
3
Cy = the coefficient of variation
4) = the normal deviate corresponding to the desired confidence
level; and
k = the desired accuracy of the prediction, given as a percent
of the mean.
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Example (3-2)

Assume that it is desired to state the MT TR with an accuracy of 25 percent
with & confidence of 95 percent. What sample size is required? Substituting
in Equation (3-13) we obtain

N s [c,, (J?)]z . [nm (M)]z + 50

.28

Figure 3-2 {s a nomograph which relates the sample size to Cx for 2 number
of common accuracy values. To solve under the same assumptions as in

the preceding example find the value of Cy (= 1.07) on the abscissa, follow
up to the curve labelled ""25%", and across to the ordinate to read N (= 50).

3.2 Step-by-Step Procedure for Calculating Task Sample

(a) Determine the fallure rate contribution of each part type in the
system or equipment to the overall fallure rate. That is, determine
what percent of the failures will be attributable to tubes, to resistors,
to transistors, to capacitors, etc,

{b) Using the percentages computed ahove, calculate how many of the N
items (determined from (a) above) will be apportioned to tubes, to
transistors, to resistors, etc., i.e., calculate the class sub-sample
size, n,

(c) Select randomly from each part type enough items to meet the require-
ments set up in ().

Example (3-3)

Assume an equipment with parts as shown in the first column of Table 3-1 and
that the number of each type of part is as shown in Column 2. Given the part
failure rates as in Column 3, the number of failures expected per 10¢ hours
appear 'n Column 4. Expressing the entries in Column 4 as percents of the
sum of Column 4 then yields Column §. This is the percent contribution to
the total expected failures of each part listed tn Column 1. Multiplying these
percents by the sample size of 50 yields Column 6 which shows the number of
simulated maintenance tasks per part class or category. The values in
Column 6 are then rounded off to yield the values in Column 7,

3-16
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3.3 Step-by-Step Procedure for Performing Task Prediction

To accomplish the task predictions, the evaluator should have available
detailed informatior. including schematic diagrams and physical lavouts.

He must also be thoroughly familiar with the functional operation of the
equipment. Other information needed 15 a description of the tools and test
equipment to be provided and the maintenance aids to be incorporated in the
prime equipment. A description of the operation and maintenance environment
is also extremely valueble. Figure 3-3. "Maintainability Prediction Form".
has been developed to facilitate the maintenance analvsis and task scoring.
On this form specific informalion required to complete the task or part
failure prediction is iisted along with identification data regarding cyuipment.
evaluator, etc.

(a) Maintenance Analysis: Prior to task scoring, it is necessary that,
for each task a maintenance analyvsis he performed. This analvsis
entails a step-by-step accounting of the mast likely diapnostic
procedure. Beginning with the symptoms of malfunction, each step
required in locating the defective part is recorded. Complementary
to cach step, notations regarding access problems, test equipment
requirements, and related information which is important to determining
the task scores, are made. Figure 3-3 the Maintenance Analvsis
fornm and Tigure -4 thc continuation shecet, illustrate a formiat used
for this analysis. The form is divided into two columns. The left
column labelled ""Maintenance Steps’, is used to record each test
or step that a technician should make. Scoring comments associated
with each step ure entered in the column on the right. Completion of
the maintenance analvsis provides a firm basis for the scoring. The
full scope of a maintenance situation is realized through this process.

(b) Svstem Maintenance Diagram: This analvsis may be facilitated by the
preparation of a "'Svstem Maintenance Diagram', which would clearly
detail the svstem functional block diagram, with main signal paths,
major test points and other diagnostic aids shown. An illustration
of such a diagram is showr in Figure 3-5, ""Maintenance Diagram
AN/GRT-3". This diagram assists in the determination of the
malfunction symptoms and in selecting steps to isolate the malfunction
to a functional area. It is necessary to have a schematic diagram for
each block to troubleshoot within a block and to determine the effect
nf an assumed failure on the output (s) of other blocks. The illustrated
diagram is representative of the mintmum requirements for such a
diagram and may be expanded to varving degrees depending on the
complexity of the equipment and the information available.

3-18



TECHNICAL LIBRARY

M1L- HDBK-472
24 May 1966

Equip. Unit /Part Task No.

Ass'y By Date

Primary function failed unit /part

Mode of {ailure

Malfunction svmptoms

Maintenance Analvsic

Maintenance Steps Scoring Comments

Checklist Scores

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15] Total
A
2 7
N
Predicted downtime — Min.

Figure 3-3 Maintainability Prediction Form
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Equip.

MAINTENANCE ANALYSIS CONTINUATION SHEET

Parm

Task No,

Maintenance Steps }

scoring Comments

Figure 3-4 Maintenance Analvsis Continuation Sheet
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Example (3-4)

The use of the maintenance analvsis procedures described i paragraph (a)

will be {llustrated by evaluating the time requirements for a specific maintenance
task. Resistor R-7801, appearing in Amplifier Mixer AM-1345/FPS-20 of the Radar
AN’FPS-20, has been sclected for this purpose. The following discussion
illustrates the procedure to be followed (see Table 3-2).

Evaluation of Resistor Failure

The resistor failure was assumed to have accurred by opening. Following

this assumption, 3 step-by-step maintenance analysis was made, drawing

from both general maintenance experience and technical data. This procedure
is illustrated in Table 3-2 "Maintenance Analysis, R-7801/FPS-20". Here

the demiled steps necessary to isolate the defective resistor are listed.

For each step, comments regarding availability of test indicators, need for
test equipment, access problems, and related information needed to effectively
score this task were listed. Figure 3-6, "AN/FPS-20, Transmitting System",
illustrates functionally the major circuits associated with the transmitter section.
Within the diagram each step has been numerically identified. It will be noted
that the troubleshooting path chosen is one of several possible routes. The
route estahlished was hased on the importance of the check and the ease with
which 1t couid be taken: For example, in Step 2, the trigger input which is
vital for the proper operation of three portions of the transmitter, was tested.
The third step was seclected because of the ease with which the information
could be secured (built-in metering). Such choices are generally consistent
with proccedures emploved by electronic technicians.

Figurc 2-7 "Amplificr Mixer AM-1347 'TPS-20", illustrates the mechanical
lavout of the section of the equipment within which the defective part was
located. As indicated in the maintainability analysis, the plate power supply
sub-chassis had to be removed for further testing. Figure 3-8, "Expanded
View, Plate Power Supply’, shows the underside of the power supply. Here,
the terminal hoard on which resistor R-7801 is located has been identified.
Functionally. the use of resistor R-7801 is illustrated in Figure 3-9, "Plate
Supply Block Inagram'.  The resistor provides continuity between the rectifier
and serics dropping electron tubes. Its opening caused loss of plate supply
voltage to the huffer amplifier, thus preventing operation of the transmitter.

These illustrations, in assoctation with other technical material secured from the
applicable technical order, provided the hasis for the scoring comments in the
Mainlenance Analvsis Continuation Sheet (Table 3-2).
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MAINTAINABILITY PREDICTION FORM

Equip. _AN/FPS-20 Unit/Part __ R-740) Task No.

Ass'y. By Date

Primarv function failed unit/part Series resistor in 620 V, D. C. power supply
output network.

Mode of failure Resistor opened

Malfunction symptoms__ No return on radar indicator

Maintenance Analvsis

Maintenance Steps Scoring Comments

See Table 3-3

Checklist Scores

1 2 3 4 5 6 7 8 9 {10 {11 J12 )13 |14]15 § Total

41

. : 4
B | 1|44 |4]4]2 47//74VVA//7///A/A 23

c13321222227///7//%/420

Predicted downlime. . . . . . . . .00 40 Min.
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TABLE 3-3

MAINTENANCE ANALYSIS. R-7%01/FPS-20

Equipment AN, FPS-20

Maintenance Analyvsis Continuation Sheet

Part R-7#01, FP&8-20

Task No, 1

AMaintenance Steps

Scoring Comments

Equipment malfunction is initially
indicated by no target returns on
indicator. Maintenance action pro-
ceeds to isolate trouble to major
cquipment functions. Power out-
put check al bidirectional coupler
{CU-516) isolates trouble to trans-
mitter function.

Trigger pulse is checked at 1 PA
Modulator (MD-276) to isclate trouble
to transmitter or modulator unit of
the transmitter section. Prescence

of trigger indicates trouble in R. F.
generating stages (Stalo, Buffer
Amplifier, Mixer, or Power
Amplifier).

Meter reading on Amplifier-Mixer,
Intermediate Power Amplifier and
Power Amplifier are observed and
checked against required values.

No cathode current on meter M-7702
of Amplifier-Mixer AM-1347 indi-
cates trouble is in second amplifier
stage or power supply (PP-1347).

Rudio Freguency Monitor (I D-446)
normally connected to system is used
to monitor power output a! bidirectional
coupler (CU-516). Test equipment
serves variety of tests lor equipment
adjustment and repair. Preliminary
calibration or test sct-up may be
required. Proper values listed in T.O.

Oscilloscope is used to check trigger
pulse at J-140%5 on front panel of
modulator MD-276 (I PA modulator).
Oscilloscope sct-up and adjustments
required. Proper reading listed in
T 0.

(Cathode current meter M-7702
provides front panel indication of
trouble in AM-1347. Proper value
listed in T. O,

3-24
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TABLE 3-3 (Continued)

Equipment AN/FPS-20

Maintenance Analyvsis Continuation Sheet

Part R-7801/FPS-20

Task No. 1

Maintenance Steps

Scoring Comments

1]

Power Supply PP-1377 monitors
arc observed (fuse lights and
meters) to isolate trouble to the
amplifier or power supply. No
620 V. D.C. noted on meter
(M-7R801).

Power Supplyv PP-1377 is removed
from {ront of cabinet and the 620
V. D.C. circuit checked. Tube
check made prior to chassis re-
moval from cabinet. Trouble is

[ B N I Y 3
isciatcd {o open resister.

Front panel mounted meter M-T7x01
and fuse lights provide rapid check
of A. C. input voltages to rectifiers
and D). C. voltage to amplifier
tubes. Proper meter reading listed
inT. O.

External access requires removal
of power supply from cabinet.
Chassis must be removed partially
to allow disconnecting of cables lo-
cated in rear. Power Supply con-
tains heavyv transformers and filters
requiring strength and endurance.
Two men required to remove and
place on workbench, Multimeter
and tube checker required to isolate
trouble resistor in 620 V. D.C. sec-
tion. Spring lock fastencrs permit
rapid removal of chassis. Resistor
board mounted on the underside of
chassis by screws. Resistor is
soldered to terminals. Some delay
to be expected in repair action due
to part location and necessity 10 use
care in part removal to avoid

heat damage or solder contamination
to adjacent parts.
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Figure 3-7. Amplifier-Mixer, AM-1347/FPS-20
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R-7801

BOARD 119

BOARD 118

Figure 3-%. Expanded View, Plate Power Supply
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4.4 Calculation of Maintenance Indices

(@) Task Scoring: The design prediction is accompiished by completing
the three design-related check llsts for sample tasks. Specifically,
these check lists are. A, Scoring Phyvsical Design Factors: B,
Scoring Design Dictates- Facilities; and C. Scoring Necign Dictates-
Maintenance Skills. These check lists are presented in Addendum A
together with ail instructions necessary for scoring each item.

The scoring for each item ranges from 0 to 4. Intermediate values
of 1, 2 and 3 are provided for some questions where the pature of

the charactleristic being assessed may take on varving magnitudes.
This 1s contrasted to the ves-no situation.  Tne questions have been
framed in a manner that permits general application across equipment
lines.

Situations may arisc where insufficient information is available to score

a particular check list question: or, a guestion is not applicable to a
particular task. I insufficient data is available, the average question
score for the check list should be inserted. For example, if 14 questions
were scored and the total score was 42, the average question score is
three. Inserting tms value for the unevaluated item, the final score is 45.
For oiher siiuations, i.c.. not applicabie. a score of four should be used.
The reasoning here is that il a particular item does not apply, it is not
detrimental to maintenance.

To illustrate the scoring process, the scores obtained for the sample
maintenance analysis tasks are shown in Table 3-73, "Task Prediction,
R-7801". The score for each check list question is obtained by referring
to the scoring comments in the maintenance analysis and the technical
data available for the equipment. The task was reviewed for items that
pertain to each question and the questions were then scored in accordance
with the criteria, presented in Addendum A. In cases where the gquality
of a feature is scored, the worst condition encountered is used.

To illustrate further how check list scores are obtained. some of the
specific scores in Table 3-35 will be examined. In Check List A, question 2
received a score of 2 (exiernal latches and fasteners meet two of the
criteria that they are captive. need no special tools. and require only

a fraction of turn for release) In Check List B question } received

a score of 1 (2 or 3 pieces of test equipment are needed). Examination
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of Table 3-2 indicates that an oscilloscope, multimeter, and tube checker
were used to accomplish this task. For Check List C. question 5
received a score of 1. This score was assigned because the initial
symptoms gave very little indication as to the cause of malfunction

and because a number of the major units had to be checked to isolate

the trouble to a functional area.

Downtime Calculation- The last step in the prediction process is to

calculate the predicted downtime for each task. This is accomplished
by inserting the total check list scores for each maintenance task
performed in Equation (3-7). The eguation is repeated here for
immediate reference:

M., * ontilog (3.54651 - 0.02512A - 0.03055B - 0.01093C)

ct
To facilitate this calculation a nomograph was developed for the pre-

diction equation and is shown in Figure 3-10, "Nomograph - Downtime".
The use of this nomograph permits the determination of downtime

directly in real time (instead of log values). All instructions for use of

the nomograph to calculate maintenance indices are contained in

Figure 3-10; and are the mean active corrective maintenance downtime ict-
and the maximum active corrective maintenance downtime Mmgyx. The
mean corrective maintenance time, -"zct' is obtained by substituting in
Equation (3-8). The maximum corrective maintenance time, Mg ax.

i8 found by substituting in Equation (3-10).
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ADDENDUM A

DESIGN CHECK LISTS5 AND SCORING CRITERIJA:

The three Design Check Lists A. B, and C andg their respective scoring criteria
follow:

CHECK LIST A - SCORING PHYSICAL DESIGN FACTORS

(1) Access (External): Determines if the external access is adequate for
visual :nspection and manipulative actions. Scoring will apply to external
packaging as related to maintainability design concepts for ease of
maintenance. This item is concerned with the design for external
visual and manipulative actions which would precede interna! maintenance
actions. The following scores and scoring criteria will apply:

Scores

{a) Access adequate both for visual and manipulative tasks
{electrical and mechanical) . . . .. ... ... .. .. 4

) Access adeguate for visual, but no manipulative,
tasks . . L L L oL 2

(c) Access adequate for manipulative, but not visual,
tasks . . .. L. L e e e e 2

{d) Access not adequate for visual or manipulative
tasks . . ... L L e e e e 0

Scoring Criteria

An explanation of the factors pertaining to the above scores is consecutively
shown. This procedure is followed throughout for other scores and scoring
criteria.

(a) To be scored when the external access, while visual and
manipulative actions are being performed on the exterior
of the subassemblv, does not present difficulties because of
obstructions (cables, panels, supports, etc.).

{b) To be scored when the external access is adequate (no delay)
for visual inspection. hut not for manipulative actions,
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External screws, covers, panels, etc., can be located visually;
however, external packaging or obstructions hinders mani-
pulative actions (removal, tightening, replacement, etc.).

(¢c) To be scored when the external access is adequate (no delay)
for manipulative actions, but not for visual inspections.
This applies to the removal of external covers, panels,
screws, cables, etc., which present no difficulties; however,
their location does not easily permit visual inspection.

(d) To be scored when the external access is inadequate for both
visual and manipulative tasks. External covers, panels, screws,
cables, etc., cannot be easily removed nor visually inspected
because of external packaging or location.

(2) Latches and Fasteners (External): Determines if the screws, clips,
latches, or fasteners outside the assembly require special tools,
or if significant time was consumed in the removal of such items.
Scoring will relate external equipment packaging and hardware to
maintainability design concepts. Time consumed with preliminary
external disassembly will be proportiona! to the type of hardware
and tools needed to release them and will be evaluated accordingly.

Scores

(a) External latches and/or fasteners are captive, need no special
tools,and require only a fraction of a turn for release . . . . . .

(b) External latches and/or fasteners meet two of the
above three criteria . . . . . . . . . . . . . .0

(c) External latches and/or fasteners meet one or none
of the above threecriteria . . . . . . .. ... .. .. .. ...

Scoring Criteria

(a) To be scored when external screws, latches, and
fasteners are:

(1) Captive

(2) Do not require special tools
Al-34
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i3} Can be released with a fraction of a turn

Releasing a""DZUS" fastener which requires a 90 degree turn using a standard
screw driver is an example of all three conditions.

by To be scored when external screws, latches, and fasteners
meet two of the three conditions stated in (a) above. An
action requiring an Allen wrench and several full urns for
release shall be considered as meeting only one of the above
requirements.

{¢) To be scored when external screws, lalches, and {asteners
meet only one or none of the three conditions stated in (a) above.

latches and Fasteners (Internal): Determines if the internal screws.
clips, fasteners or latches within the unit require special tools,

or if significant time was consumed in the removal of such items.
Scoring will relate internal equipment hardware to maintainability
design concepts. The types of latches and fasteners in the equipment
and standardization of these throughout the equipment shall tend to
affect the task by reducing or increasing required time to remove and
replace them. Consider "internal’ latches and fasteners to he within
the interior of the assembly.

Scores

{a) Internal latches and’/or fasteners are captive, need no special
tools. and require onlyv a fraction of a turn for release . . . . .

(b) Internal latches and/or fasteners meet two of the above
three criteria . . . . . . . . . . 4 o e e e e e e e

1o

(¢) Internal latches and, or {asieners meet one or none
of the above three criteria . . . . . . . . .. ... ..

Scoring Criteria

(a) To be scored when internal screws, latches and fasteners are:
(1) Captive

() Do not require special tools
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{3) Can be released with a {raction of a turn

Releasing a ""DZUS" fastener which requires a 30-degree turn using a standard
screw driver wouid be an example of all three conditions.

(o)

()

To be scored when internal screws, latches, and fasteners
meet two of the three conditions stated in (a) above. A screw
which is captive can be removed with a standard or Phillips
screw driver, but requires several full turns for release.

To be scored when internal screws, latches. and fasteners
meet onc of threc conditions stated in (a) above. An action
requiring an Allen wrench and several full turns for release
shall be considered as meeting only one of the above require-
ments.

(4) Access (Internal): Determines if the internal access is adequate for

visual inspection and manipulative actions. This item applies to
internal packaging concepts in relation to design for ease of main-
tenance. Internal is to mean all work accomplished after gaining
access to some portion of the equipment,

@)

)

(c)

(d)

(a)

Scores

Access adequate both for visual and manipuiative tasks
(electrical and mechanical) . . . . . . . . . .. ... 4

Access adequate for visual. but not manipulative.
tasks . .. L L. e e e 2

Access adequate for manipulative, but not visual,
tasks . . oL . . e e e e e e e e e e e 2

Access not adequate for visual or manipulative
tasks .. ... oL A U

Scoring Criteria

To be scored when the internal access. while performing
manipulative or visual actions in a sub-assembly or unit,
does not present difficulties because of the internal construc-
tion or part location.
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{b) To be scored when the internal access is adeguate
(no delav) for visual inspection, but not for manipulative
actions, Components and parts can readily be located
visually during the mawmntenance task; however, internal
construction or part locztion hampers manipulative actions
(testing, removal, etc.).

() To be scored when the internal access is adequate for
manipulative actions, but not for visual inspections.
Components or parts can be easilv tested or removed;
however, their phvsical location does not easily permit
visual inspection.

(d) To be scored when internal access is adequate for both
visual and manipulative tasks. Components or parts canno!
be easily tested or identified because of internal construction
or location during the maintenance action.

(5) Packaging: Determines the access (within the subassembly) to components
or parts requiring mechanical disassembly. This question concerns
itself with the internal packaging of parts relative to the maintenance
action. Current design concepts have been concentrated on module
type packaging; however, even ihese vary i a mechanically held modulc,
while others are plug-in type only. This item deals with the mechanical
problems involved in gaining access to failed components or parts.

Scores

(a) Internal access to components and parts can be
made with no mechanical disassembly. . . . . . . 4

(o) Little disassembly required (less than 3 min.) . . 2

(c) Considerable disassemblv is required (more
than3min.). . .. . ... ... e e e e e e 0

Scoring Criteria

(a) To be scored when less than one minute is required
to gain access to the failed components cor part.
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(6)

(b) To be scored when less than three minutes is expended in
gaining access to the failed component or part.

(c} To be scored when more than three minutes is expended
in gaining access to the failed component or part.

Units - Parts (Failed): Determines the manner 1n which units

or parts are removed or replaced during the maintenance action.
Since units and parts are electrically and/or mechanically secured

in equipments in many different ways, the time to remove such items
varies considerably, Mechanically held items include tubes pratected
from vibrations by special shields or clamps, printed boards clipped
into their sockets, and parts and components held by brackets.
Soldered items include resistors, capacitors, etc.

(&) Units or parts of plug-innature . . . . . . . . . . ... .. 4
(b) Units or parts of plug-in nature and mechanically held. . . 2
(c) Units of solder-innature . . . . .. . ... .. ... ... 2
(d) Units of solder-in nature and mechanically held 0

Scoring Criteria

(a) To be scored when units or parts are plug-in tvpes requiring
only to be pulled out. Plug-in type parts such as tubes. some
relavs, crystals, etc., would be included in this category.

(b} To be scored when units or parts are plug-in tvpes, but are
mechanically held by clips, shields, clamps, etc. Also applies
to maintenance requiring the removal of a tube having external
grid or plate connections, anti-vibration shields, etc.

(¢) To be scored when units or parts are soldered-in types such as
resistors, capacitors, etc., when the removal of parts requires
the unsoldering of part terminations.

(d) To be scored when units or parts are soldered-in mechanically
held types such as transformers, jacks, etc. The removal or
replacement of parts requires mechanical disassembly and
unsoldering.
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Visual Displavs: Determines if sufficient visua) information pertaining

to the equipment malfunction is displayed within one area or unit.
Circuit indicators and meters provide, to some extent, symptom
analvsis. Therefore, it is important that these indications be displayed
within one area tu ensure rapid analysis and action. If several areas
must be consulted before a gualified estimation of the difficulty can

be made, much time is required.

Scores

(3) Sufficient visual information on the equipment is given within
one display area . . . . . . . . . .. 0 e e e e e 4

(p) Two display areas must be consulted to obtain sufficient
visual information . . .. . . ... ... ..., 2

(c) More than two areas must be consulted to obtain sufficient
visual information . . . . . L L L . L L o e e e e e 0

Scoring Criteria

To be scored when visual informmation associated with the fauit
or malfunction is displayed within one area. Applicable if
diagnosis and repair can be accomplished successfully following
symptoms derived from one display area or subassembly of the
system,

-~
£

() To be scored when two display arcas must he consulted to provide
visual informution associated with the fault or mailfunction. Two
separate display areas on the system (meter panel and fault
indicators) must be consulted tu diagnose malfunctions successfully.

(¢) To be scored when more than two areas or subassemblies must be
consulted to provide visual information associated with the fault or
malfunction. This would be indicative of a least maintainable
condition,

Fault and Operation Indicators (Built-In Test Equipment): Determines

if an equipment malfunction or fault is clearly discernible via audible
alarms, indicators, etc., and that such information is clearly presented
for rapid maintenance action, The use of indicators is increased as
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complexity increases, and equipment availability becomes more
important. Although visual and audio alarms usually indicate that
a problem exists, they do not always determine the exact location
of the malfunction. The more precise the indication, the better
the maintenance condition.

@)

(c)

(d)

@)

()

{c)

Scores

Fault or malfunction information is provided
clearly and for rapidaction . . . . . ... ... ... 4

Fault or malfunction information clearly presented,
but requires operator interpretation . . . .. . ... 2

Fault or malfunction information requires no
operator interpretation, but is not clearly presented. 2

Fault or malfunction information not clearly pre-
sented and requires operator interpretation . . . . . 0

Scoring Criteria

To be scored when an equipment fault or malfunction
occurs and is evidenced by alarms, indicators, etc.,
which provide for rapid diagnosis and maintenance action.
An example of this would be when a power supply fatlure
occurs because of an open fuse which is pointed out by an
indicator or alarm.

To be scored when an equipment fault or malfunction occurs
and is evidenced by alarms, indicators, etc., but requires
further tests for isolation of the fault. Loss of output power
is evidenced by an alarm: however, further diagnosis must be
made to determine the exact cause of trouble.

To be scored when an equipment fault or malfunction occurs

and is not clearly determined by alarms, indicators, etc.,
however, provisions for rapid diagnosis and maintenance action
are available. Applies when some preliminary testing might

be required to determine if a fault or malfunction such as the

loss of some voltage, (B +, Bias, etc.) exists. Once determined,
however, maintenance is expedited, such as in the case of an open
fuse.
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(d) To be scored when an equipment fault or malfunction occurs and
is not clearly discernible, and which requires symptom interpre-
tation. Testing is also necessary to determine the equipment
status and cause of failures.

(9) Test Points (Availability): Determine if test points are available for
needed tests pertaining to maintenance action. A test point shall be
considered as any test probe receptacle where specific system operation
data can be obtained. This definition eliminates as test points connector
pins, on printed circuit boards, terminals, tube pins, etc. The number of
test points available and the amount of tnformation yielded will affect
the time to establish the cause and location of fault.

Scores
(a) Task did not require use of testpoints . . . .. ... .. ... 4
(b) Test points available for all neededtests . . ... ... ... 3
{c) Test points available for most needed tests . . . .. .. ... 2
{d) Test points not available for most neededtests . . . .. .. . 0

Scoring Criteria

() To be scored when the maintenance action did nct require the use
of test points, but when, instead, the malfunction can be diagnosed
and repaired via built-in test equipment.

(b) To be scored when all needed tests were accomplished at test points.
Sufficient information to diegnose and repair the trouble was available
at test points.

{c) To be scored when at least 51% of the required tests were accomplished
at test points. Troubleshooting required that several separate tests,
most of which made use of test points, had to be made.

(d) To be scored when the majority of needed tests were not accomplished

at test points. Malfunction diagnosis and repair required the making
of tests for which few or no test points were available.
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(10y Test Points (Identificstion): Determines if all test points required
during the maintenance action are properly identified by circuit
symbol and pertinent test dats. This precise information provides
diagnostic dats to gid in troublesbooting the malfunction.

Scores

(a) All test points are identified with required readings

glvem . . . . .. .. i 4
(b) Some are suitablymarked . .. .. .. ...... 2
(c) Points are not marked and test data are not
given . . . ... L L e e e .. 0
Scoring Criteria

(a) To he scored when all test points needed for task ¢ompletion
are identified (circuit symbol), with required readings given
(+6VDC. -18VDC, 115VAC, etc.). This is indicative of a best
maintainable condition.

() To be scored when the majority of test points required for task
completion are suitably identifled.

(¢} To be scored when test points required for task completion
are not suitably identified. ‘Troubleshooting at test points is a
cause for delay because required voltage readings, signal
characteristics, etc., are not specified. This would indiéate
that a least maintainable condition exists.

(11) Labelling: Determines if pacts associated with the maintenance actions
are identified with respect to tircuit symbol and part identification.
Proper identification of parts can be an important asset to the maintenance
task in that. if part circuit numbher iz emitted from the equipment,
considerable time could be wasted tracing the circuit to identify it.
fimilarly, if information is "hidden", requiring removal of cther parts
to read it, much time will be consumed.
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Scores

All parts labelled with full identifving information. and
all identifying information clearly visible . . . . . . .. o4

Ali parts labelled with full identifving iniormation. hut
some information hidden . . ., . . . .. .. .. . . .

All information visible. but some parts not fully
identified . . . . .. .. .o oo .2

Some information hidden and some parts not fuliv
identified . . . . . . . .. L. oo 0

Scoring Criteria

To be scored when all parts associated with the maintenance
action are identified and this information is clearly visible.
To include testing or removing ol parts that are clearly
identified (V401-6BE6) or (R-1225-4000 ).

Applies when all parts associated with the maintenance action
are identified, but some of this information is not visible.
Applies to testing or removing parts that are labelled, but
which information is hidden by obstructions.

Applicable when all circuit symbols are visible, but some
parts associated with the tasks are not identified. Parts
required for testing or removal are not identified with
reference to part value, etc.

To be scored when some parts associated with the mainten:nce
task contain hidden circuit svymhois and are not fully identified.
Parts required in testing or removal are not identified and infor-
mation is also hidden.

(12) Adjustments: Determines if adjustments such as tuning and aligmment
are required, after a maintenance action, to make the equipment
operate according to specifications. An adjustment will be any action
which resets or changes variahle components such as potentiometers,
variable capacitors, slug-tuned coils, etc., whereby the operation of the
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systen: assembly or subassembly i1s affected. These actions. depending
upon their criticalin and freguency, will affect the overall maintenance

tune.
Scores

(a) No adjustments or realignment are necessary to place
eguipment back inoperation . . . . ... ..o L 4

h) A few adjustments. but no major realignments are
required . . . .. ... Lo . . e e .2

(¢) Many adjustments or major realignments must be
MAde . . . . o e e e e e e e e e e e e e e e e e 0

Scoring Criteria

(aj To be scored when no adjustments are required to bring the
equipment hack to normal operating specifications. Applics
10 repair of the malfunction, if the equipment need only be
turned on.

) To be scored when a few adjustments of a minor naturc are

(c)

required to place equipment back in operation according to
specifications.

To be scored when many adjustments (time-consuming) or a major
tuning or alignment is required to place equipment back to normal
operating specifications.

(13) Testing (In Circuit): Determines if the defective component or part

can be tested without removal from the circuit. This question is based
on the nature of the equipment and the repair concepts associated
with the particular design.

Scores

{a) Defective part or component can be determined

without removal from the circuit . . . . . . . . .. 4

(b) Testing requires removal . . . . . . . . . ... .. 0
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Scoring Criteria

Applicable when the component or part can be decisively
determined as being defective without removal of any part
{rom the circuit.

To be scored when the component or part must be removed
from the circuit to be decisively determined as defective.
When testing has isolated the trouble to a particular part or
component, however, a definite opinion cannot be made until
such part or component is electrically or physically removed
from the circuit for further testing.

(14) Protective Devices: Encompasses equipment design provisions

for self-protection against damage to components or parts after a
malfunction has occurred. If a system has protection devices such

as

fuses, circuit breakers, etc., then the equipment can be protected

from further damage as well as aiding in isolating the malfunction.
If no provisions have been made, further damage and increased repair
time could result.

(a)

(b)

(c)

(a)

Scores

Equipment was automatically kept from operating after mal-
function occurred to prevent further damage. (This refers to
malfunction of such areas as bias supplies, keep-alive

voltages, etc.) . . . .. .. .. e e e e e e e e e .. 4
Indicators warned that malfunction has occurred . . . . . . . 2
No provisions havebeenmade . . . . . . . ... ... .. .. 0

Scoring Criteria

To be scored when automatic shut-off devices protected parts

or components from further damage after a malfunction occurred
in a critical area. A typical example of such a malfunction would
be if the Bias supply fails and B+ voltage is automatically cut off
by circuit breakers, fuses, or relay action.
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(b)

(c)

To be scored when automatic shut-off-devices do not protect
parts or components from further damage, but when visual
indicators or audible alarms warm personnel of the situation.

To be scored when g critical malfunction occurs and parts or
components are not protected bv automatic shut-off devices,
indicators, or alarms. Involves malfunction which damages
parts or components because automatic shut-off devices or
alarms were not provided.

(15) Safety (Personnel): Deiermines if the maintenance action requires

personne! to work under hazardous conditions such as close proximity
to high voltage, radiation, moving parts, high-temperature components,

or

(a)

()

(c)

(a)

(b)

on elevated structures, etc.

Scores

Task did not reguire work to be performed in close
proximity to hazardous conditions (high voltage,
radiation, moving parts and/or high temperature

o B ot 4 - ) T 4

Some delay encountered because of precautions
taken . .. ... ... .. 0., e e e e e e 2

Considerable time consumed because of hazardous
conditions . . . . . . . . . e e e e e e e e e 0

Scoring Criteria

To be scored when the maintenance action did not require
personnel to work under hazardous conditions. The maintenance
action did not require precautions to be taken, in that the task
was not associated with high voltage, moving parts, etc.

To be scored when precautions were taken because of hazardous
conditions causing slight delays in the maintenance action.

A typical example would be when a shorting probe must be used
to discharge high-voltage capacitors.
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{c) To be scored when precautions taken because of hazardous
conditions caused a considerable delayv to the maintenance action.
Maintenance required that testing be done in close proximity
to high voltage where extreme caution was necessary, or the
closeness of moving parts (gears, motors. etc.). caused delay
because of precautions taken.

CHECK LIST B - SCORING DESIGN DICTATES- FACTLITIES

The intent of this questionnaire is to determine the need for external facilities.
Yacilities, as used here, include material such as test equipment, connectors,
ete. . and technical assistance from other maintenance personnel, supervisor, €tc.

(1) External Test Equipment: Detlermines if external test equipment is
required to complete the maintenance action. The tvpe of repair
considered maintainably ideal would be one which did not require
the use of external test equipment. It follows, then, that a maintenance
task requiring test equipment would involve more task time for set-up
and adjustment and should receive a lower maintenance evaluation score.

Scores

(a) Task acenmplishment does not reguire the use of
external test equipment . . . . . . . ... ... - 4

(b) One piece of test equipment isneeded . . . . . . . 2

(c) Several pieces (2 or 3) of test equipment are
needed . . . . . . L e e e e e e e 1

(@ Four or more items are required . . . . . .. . . 0

Scoring Criteria

(a) To be scored when the maintenance action does not require the
use of external test equipment. Applicable when the cause of
malfunction is easily detected by inspection or built-in test
equipment.
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(b) To be scored when one piece of test equipment was required
to complete the maintenance action. Sufficient information
was available through the use of one piece of external test
equipment for adequate repair of the malfunction.

(c) To be scored when 2 or 3 pieces of external test equipment
are required to complete the maintenance action. This type
malfunction would be complex enough to require testing in a
number of areas with different test equipments.

(d) To be scored when four or more pieces of test equipment are
required to complete the maintenance action. Involves an
extensive testing requirement to locate the malfunction. This
would indicate that a least maintainable condition exists.

(2) Connectors: Determines if supplementary test equipment requires
special fittings, special tools, or adapters to adequately perform
tests on the electronic system or sub-system. During troubleshooting
of electronic svstems, the minimum need for test equipment adapters
or connectors indicates that a better maintainable condition exists.

Scores

(a) Conncctors to tes! equipment require no special tools,
fittings, oradapters . . . . . . . .. ... ... .., 4

(b) Connectors to test equipment require some special
tools, fittings, or adapters (less thantwo) . . . . . . 2

{¢) Connectors to test equipment require special
tools, fittings, and adapters (more than two) . . . . . 0

Scoring Criteria

(a) To be scored when special fittings or adapters and special
tools are not required for testing. This would apply to tests
requiring regular test leads (probes or alligator clips) which
can be plugged into or otherwise secured to the test equipment
binding post.
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{b) Applies when one special fitting, adapter or tool is required for
testing. An example would be if testing had to be accomplished
using a 10 db attenuator pad in series with the test set.

{c) To be scored when more than one specisal fitting, adapter, or tools
is required for testing. An example would be when testing requires
the use of an adapter and an RF attenuator.

(3) Jigs or Fixtures: Determines if supplementary materiais such as block
and tackle, braces, dollies, ladder, etc., are required to complete the
maintenance action. The use of such items during maintenance would
indicate the expenditure of a major maintenance time and pinpoint
specific deficiencies in the design for maintainability.

Scores

(a) No supplementary materials are needed to perform
taBK . . . . . L L e e e e e e e e e e e 4

{(b) No more than one piece of supplementary material is
neededtoperformtask. . . . ... ... ... ... 2

{¢) Two or more pieces of suppiementary material
areneeded . . .. ... ... ... e 1]

Scoring Criteria

(a) To be scored when no supplementary materials (block and tackle,
braces, dolites, ladder, etc.) are required to complete maintenance.
Applies when the maintenance action consists of normal testings
and the removal or replacement of parts or components can be
accomplished by hand, using standard tools.

(b) To be scored when one supplementary material is required to
complete maintenance. Applies when testing or when the removal
and replacement of parts requires a step ladder for access or a
dolly for transportation.

(c) To be scored when more than one supplementary material is required
to complete maintenance. Concerns the miintenance action requirihg
a step ladder and dolly adequately to test and remove the replaced
parts.

A3-49



TECHNICAL LIBRARY

MIL- HDBK-472
24 May 1966

(4) Visual Contact: Determines if the nature of the equipment, location,
or maintenance action causes the members of a team to be hidden
from the view of each other at times during the task.

(@)

(b)

(c)

(a)

(b)

(c)

Scores

The activities of each member are always visible
to the other member . . . . . . . . .. . ... .. 4

On at least one occasion, one member can see
the second, but the reverse is not the case. . . . 2

The activities of one member are hidden from the
view of the other on more than one occasion . . . 0

Scoring Criteria

Applies when the team members are visible to each other during
the entire maintenance action.

To be scored if one member of the team becomes hidden from
view of the other member or members during the maintenance action.

Applicable if team members are hidden from view on more than
one occasion.

Assistance (Operations Personnel): Determines whether or not information

or assistance from operations personnel is required, and if required,
to what extent.

(a)
()

(c)

(a)

Task did not require consultation with operations personnel . . 4
Some contact was required . . . . . ... ... Lo .. 2
Considerable coordination required . . . . ... .. ... .. 0

Scoring Criteria

To be scored when the maintenance action does not require the

.assistance of operations personnel. This would apply if physical

or verbal aid to the technical personnel was not required. (Less
than one minute.)
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() To be scored when the maintenance action requires a small
amount of assistance from operations perscnnel. (One to
five minutes.)

(¢c) To be scored when the maintenance action requires considerable
assistance from operation personnel in the operation or repair
of the malfunctioning equipment. (Over f{ive minutes.)

(6) Assistance (Technical Personnel): Determine the number of technical
personnel required to complete the maintenance action, not including
administrative or operations type personnel.

Scores
(a) Task required only one technician for completion . . . . 4
(b} Two technicians were required . . . . . . .. ... .. 2
(¢} Overtwowereused . . . . . . . « v o v 0 a e 0

Scoring Criteria

(a) To be scored when oniy one techniciun Was required to complete
the maintenance action.

(b) To be scored when two technicians were required to complete the
maintenance action.

(¢) To be scored when more than two technicians were required to
complete the maintenance action.

(7) Assistance {Supervisors or Contractor Personnel): Determines whether
or not the services of supervisor or contractor personnel (TECH.
REPS. ) were required to complete the maintenance action and the extent
of their participation in the task.

Scores

(a) Task completion did not require consultation with
supervisor or contract personnel . . . .. ... .. .. 4

A3-51



TECHNICAL LIBRARY

MIL-HDBK-472
24 May 1966

[R]

(b) Somebelpneeded . . . ... .. ... ......
(c) Considerable assistance needed . . . . . . . .. 0

Scoring Criteria

{a) To be scored when no supervisor or contractor personncl
are consulted during the maintenance action.

(b) To be scored when a small amount of assistance from
supervisor or contractor personnel is required to complete
the maintenance action.

(¢) To be scored when considerable assistance {rom supervisor
or contractor personnel is required to complete the maintenance
action.

CHECK LIST C - SCORING DESIGN DICTATES-MAINTENANCE SKILLS

This check list evaluates the personnel requirements relating 1o physical, mental,
and attitude characteristics., as imposed by the maintenance task.

Evaiuation procedure for this check lisi can best be explained by way of severai
examples. Consider {irst question which deals with arm, leg and back strength.
Should a particular task require the removal of an equipment drawer weighing
100 pounds, this would impose a severe requirement on this characteristic.
Hence, in this case the question would be given a low score (0 to 1). Assume
another task which, due to small size and delicate construction, required
extremely careful handling. Here question 1 would be given a high score (4),
but the question dealing with eye-hand coordination and dexterity would be given
a low score. Other questions in the check list relate to various personnel
characteristice important to maintenance task accomplishment. In completing
the check list, the task requirements for each of these characteristics should be
viewed with respect to average technician capabilities.

Scores

1. Arm. Leg, and Back Strength

to

Endurance and Energy
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Score

3. Eve-Hand Coordination, Manual Dexterity,
and Neatness

4. Visual Acuity

5. Logical Analysis

6. Memory - Things and Ideas

7. Planfulness and Resourcefulness

8. Alertness, Cautiousness, and Accuracy

8, Concentration, Persistence and Patience
10. Initiative and Incisiveness

Scoring Criteria

Quantitative evaluation of these items range from 0 to 4 and are defined in
the following manner:

4. The maintenance action requires a minimum effort on the part of
the technician.

3. The maintenance action requires a below average effort on the
part of the technician.

The maintenance action requires an average effort on the part of
the technician.

[ 2

1. The maintenance action requires an above average effort on the
part of the technician.

0. The maintenance action requires a maximum effort on the part
of the technician.

These criteria will be used in scoring the following specific divisions of physical,
mental, and motor requirements.
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(1)

2)

3)

@)

Arm, leg and back strength: Determines the degree of arm, leg,
and back strength required to complete the maintenance action.

Refers to any effort. no matter how minimal. Varying degrees of
strength are required for various maintenance actions are related

to equipment design.

Endurance and energy: Determines the degree of endurance and
energy required to complete the maintenance action. Endurance
might be referred to as the physical counterpart of patience, where
a sustained physical effort is required. Energy required to complete
the maintenance action when the task requires vigorous activity or
exertion by the technician is also assessed. This applies to the
necessity of lifting and carrying heavy assemblies, tools, or parts.

Eve-hand coordination, manual dexterity, and neatness: Determines

the degree of eve-hand coordination required to complete the maintenance
action. Refers to any act involving the use of the eves while manipulating
the hands to accomplish the same action. This type of action would be
applicable mostly in testing and measuring activities; however, it is not
inconceivable that this item would also be applicable in other areas of

the maintenance action. Scoring shall be proportional to the degree or
the intensity of the requirements of the task.

Determines the degree of manual dexterity required to complete the
maintenance action. When the skillful use of the hands is required to
accomplish the task, appropriate degrees of necessity shall be established.
Those type actions involving manual dexterity would more naturally apply
to the repair, assemblyv. or disassembly of equipments rather than the
troubleshooting processes.

Also determines the degree of neatness required by the maintenance action.
Applies specifically to the requirement of the actual repair where tidiness
is of prime importance to accomplish the task adequately. Since
equipment is designed and constructed in accordance with quality control
specifications, it is important to consider the care which has to be
exercised during a particular repair.

Visual Acuity: Determines the degree of visual acuity required to complete

the maintenance task. When the maintenance action is such that the
visual accuracy of the technician is required to accomplish the task,

Al3-34



(6)

@)

(8)

TECHNICAL LIBRARY

MIL- HDBK-472
24 Mav 1966

a degree of requirement shall be established. Such actions shall
include the need for accurate and precise visual activity in finding
indications of trouble, faulty components, or the visual sensitivity
sometimes necessary in reading certain oscilloscope presentations.

Logical Analysis: Determines the degree of logical analysis required

to complete the maintenance action. Refers to the need for involved
logical analvsis or for extensive mental reasoning to determine the
origin of the fault or malfunction. I the problem is such that it requires
orientation on the logical signal sequence, then this shall also be
considered as part of this question.

Memory: Things and ideas: Determines the degree to which the

maintenance action requires a knowledge of the equipment past
history with reference to component or part failure, tools to be used,
and sequences to be followed (assembly, disassembly, etc.).

Also determines the degree to which the maintenance action requires

a previous knowledge of the equipment. Refers to the degree that

the task requires recall of concepts or principles of operation, function
and operation of circuits and parts, or electronic theory and maintenance
procedires.

Planfulness and resourcefulness: Determines the degree of planning
required to complete the maintenance action successfully. Refers to

the extent to which the task requires a planned and methodical approach

to assure rapid diagnosis and repair of the equipment fault or malfunction.

Also determines the degree of resourcefulness required to complete

the maintenance action. Refers to the capabilities necessary in dealing
with a situation or in meeting difficulties pertaining to the diagnosis

and repair of the equipment. Conditions sometimes exist where certain
needed materials such as tools, test equipment, or technical publications
are not available, although substitution is possible, by some improvised
method, to accomplish the task adequately.

Alertness, cautiousness, and accuracv: Alertness is a readiness or
promptness in comprehehding and a keen awareness and knowledge of
all events or factors affecting the maintenance action. Cautiousness is
the exercise of forethought so that risks may be avoided or minimized
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£

(10)

during the maintenance action. (A surveyance of all possible consequences
before making a decision.) Accuracy is attained by the exercise of care
by showing close attention to the details of the maintenance task and
cautiousness in avoiding errors. The design requirements for these
characteristics are to be assessed.

Concentration, persistence, and patience: Concentration is the close

mental application or exclusive attention to the maintenance task and

the direct focusing of the mind upon one thing to the exclusion of
everything else. Persistence refers to maintenance taske with the
implication of being able to carry performance to & successful conclusion.
Patience is the quiet perseverance, calmness in working, and being
undisturbed by obstacles, delays, or {ailures which might occur during
the maintenance task.

Initiative and incisiveness: Initiative is the energy or aptitude displayed
in the initiation of action and the ability or power to introduce a new
measure or course of action. Incisiveness is the keenness of mind and
acuteness of understanding the task at hand.
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PROCEDURE IV

1.0 GENERAL

This procedure is based on the use of historical experience, subjective evaluation,
expert judgement and selective measurement for predicting the downtime of a
system/equipment. The procedure uses existing data to the extent available.

It provides an orderly process by which the prediction can be made and integrates
preventive and corrective maintenance. Task times to perform various
maintenance actions are estimated and then combined to predict overall system/
eguipment maintainability.,

1.1 Philosophy. Assumptions and Summary

This procedure recognizes that throughout a mission, a system/equipment performs
various operational functions and that the maintenance time depends upon the
specific operational function which is in process. To clearly understand the
meaning of an operational function we will discuss the mission of a commercial
airliner as an example.

Prior to take-off the first operational function is to warm up the engines and
perform 2 preventive maintenance check sut. uring this perind a failure may
occur (associated with this first operational function) which requires corrective
maintenance action. This is the type of failure which is readily detectable
such as a malfunctioning engine. A failure requiring corrective maintenance
may also be detected during the specified scheduled preventive maintenance
routine which involves a detailed checking of all instrument readings.

A similar type of reasoning is applicable to other operational functions of the

aircraft such as taxiing down the field, in flight and landing. As a general defini-

tion applicable to all systems either mechanical or electro-mechanical, an operational
function is defined as that particular function which the system is performing at the
specific interval of time during which the maintainability analysis is being conducted.
Inother words, the procedure requires the development of a mission/maintenance
profile which specifies the various operational functions of the system and the
scheduled preventive maintenance actions required for each operational function.

Another significant assumption is that the estimate of task times can be made best
by a maintenance analyst working closely with the design engineer, or by the

design engineer himself. Therefore, it is assumed that the maintenance task times
so estimated are practical, realistic and applicable for performing a meaintainability
prediction.
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1.2 Applicability

Because of the nature of the time estimating techniques, this procedure is
applicable to all systems/equipments.

1.3 Point of Application
Time analysis can be performed as soon as sufficient system/equipment definition
exists. This leve] of definition for initial estimatione is usually available fairly
early in the definition phase. The application of the time estimating procedures
will permit the updating of the equipment design and can, therefore, take place
throughout the design and development phases.
1.4 Basgic Parameters of Measurement
The intrinsic maintainability of the system/equipment is predicted under the
assumption of optimum utilization of specified support equipment and personnel.
The intrinsic maintainabiltity s given by the following parameters.
Mean Corrective Downtime - MCDT
Mean Preventive Downtime - MPDY
Total Mean Downtime - TMDT
1.5 Information Required
The following information concerning the operational and maintenance environment
of the system and subsystems is required to make the initial maintenance task
time analysis. Subsequent schematics, assembly drawings, etc., will be used
for updating this time estimation as the system design continues.
a. System Block Diagram
b. Functional Flow Diagrams
c. Subsystem Block Diagrams
d. Subsystem Flow Diagrams

e. End Item List
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f. End Item Failure Rates

g. Muintenance Concep!

h. Maintainability Goals

i. Operational Resources (facilities, personnei, suppori equinment, etc.)

j. A detailed definition of the task being performed

k. Location at which the task is being performed

l. Environmental Constraints
1.6 Data Basis
This procedure utilizes expert judgment and existing data snurces on maintenance
task time, but the procedure does not rely solely on existing data.  The applicability
of the data is decided by the analyst and is supplemented by his expert judgment
in estimating maintenance task time when such informatinn is nnt available.
1.7 Correlation Between Predicted and Obhserved Values
Procedures similar to this one have been applied selectively and verified to a
high degree of accuracy. This accuracy is applicable onlv where specific
maintenance actions and cquipment end items are being analvzed, and is
dependent upon the qualifications of the personnel performing the evaluation.
2.0 ANALYTIC FOUNDATION
2.1 General
The analvtical foundation of the task analysis procedure integrates the development
of task performance time for preventive and corrective maintenance actions.
A maintenance action is defined as the exclusive maintenance task which occurs
at a specific location and within a specific set of conceptional and physical
constraints. This maintenance action permits the logical development of elapsed

times, subsystem equipment levels.

The mean corrective maintenance time for the system ‘equipment will vary for
each individual scheduled preventive maintenance action applicable to a specific
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operational function. The task analysis procedure permits the evaluation of
these times from the end item up to the system level. The products of the
procedure are:

a. The elapsed time to perform preventive maintenance action, assuming
that no detectable malfunctions exist in the system.

b. The elapsed time to correct malfunctioning end items detected during
each preventive maintenance action of an operationa! function.

¢. The distribution of corrective maintenance times for detectable
malfunctioning end items for each preventive maintenance action
of an operational function.

d. The mean corrective downtime (MCDT ) for detectable malfunctioning
end items for each preventive maintenance action of an operational
function.

e. The distribution of corrective maintenance task times for the system
and subsystems.

{. The preventive downtime (PDT) for the system and subsystems for a

epecificd calendar time.

g. The total mean corrective downtime ( MCDT ) for the system and subsystems
for a specified calendar time.

h. The total mean downtime for integrated preventive and corrective
maintenance for the system and subsystems for a specified calendar time.

These maintenance downtimes relate only to the inherent maintainability of the
equipment, since administrative and other delays are not normally definable
during the design of the equipment. The estimated elapsed time required to
perform maintenance on g system will vary as a function of the conceptional

and physical constraints within which the estimation was made. These constraints
consist of the availability of physical resources (i. e., personnel, spares and
consumables, support equipment, and facilities) and applicable maintenance

and operational concepts (i.e., testing concept, level of repair, migsion de-
scriptions, etc.). The applicability of specific constraints must be documented

if a given time estimate is to be meaningful. Only single elapsed times are
estimated for each maintenance task. This number should approximate the mean
time required to perform the task under actual conditions. The correlation
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between estimated and verified task times described in paragraph 1.7 justifies
the use of single values for the purposes of this procedure.

A sgeries of mission/maintenance profiles will be established based on the
system operationa] requirements. These profiles shall specify the scbedules
of operational functions and preventive maintenance actions for a given calendar
time. The mean corrective downtime and preventive downtime for the system
are calculated in sequence by function, mission/maintenance profile, and
complete system. A procedural flow block diagram of the procedure is shown
in Figure 4-1. An explanation of each block in the diagram follows:

The end items (1) of the system are identified and categorized under the appropriate
headings as: system, subsystem, assembly, etc., down to the smallest piece of
equipment on which a specific maintenance action will be accomplished. The
failure rate is identified for each end item. The preventive maintenance actions
of an operational function (2) to be performed on the categorized end items are
defined (e.g., check out, servicing, adjustment, etc.). The physical and
conceptual constraints previously described must be defined and documented for
each function. The corrective maintenance actions (3) to be performed on
appropriate categorized end items are defined. These actions will include, but
gre not necessarily limited to the maintenance actions of test, remove, replace,
adjust, repair, etc., specified by the applicable constraints. The physical and
conceptugal constrainta previously described defined 2 set of corrective sction,
which can be undertaken. The detectable end item malfunctions for each preventive
maintenance action of an operational function are defined, (4). Those end items
which can be detected as malfunctioned, but which cannot be corrected (within the
constraints of the location at which the maintenance i occurring), are grouped.
No troubleshooting will be conducted within these groups of end items since,

by definition, no corrective action can be undertaken. A task analysis is conducted
for each preventive maintenance action (5). A distribution of end item task times
and a total time for each nperational function is generated. The total task time
for the operational function is compared to the allocated time to determine if the
maintainability design of the equipment is adequate. If not, the distribution of

end item task times permits identification of critical design points. A task
analysis is conducted for corrective maintenance (6) associated with each of the
preventive maintenance of an operational function. Thte analysia is conducted by
deriving the t roubleshooting, repsir, and verification time for each end item
previously defined .- a detectable and repairable malfunction. These times

are described in terms of a distribution of end item corrective maintenance times
versus frequency of occurrence and by 8 mean corrective downtime (MCDT)

for the specified operational function. As before, the MCDT and distributions are
used to identify critical design points. The preventive and corrective maintenance
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times and associated MCDT's are integrated (7) over the previously specified
calendar time (e.g.. 6 months) to derive the total preventive downtime, total
mean corrective downtime, and the total mean downtime, where all times
are related to the inherent maintainability characteristics of the svstem and
exclude administrative and other delavs.

2.2 Theoretical Considerations

A parametric descrintion of the previously described procedure is provided
in the following paragraphs and is referenced to the numbered blocks in

Figure 4-1.
2.2.1 End Item Identification

Each end item of the svstem is described by I; such that;, I, . . . . I,_,,
I, are inclusive of all end items within the system. The failure rate of each
end item is given by )‘i . where )\; is assumed to be a constant over the
specified calendar time, and where )\; is the failure rate of end item 1}, etc.

2.2.2 Operational Function

The preventive maintenance actions of an operational function associated with

the system are given by Pj such that P, P, . ... Py _ ., and Py, are inciusive
of all preventive maintenance actions and where each action is defined by type

(e. g.. ingpection, servicing, etc.) and by physical and conceptual constraints
(e.g.. personnel, spares and consumables, support equipment, facilities,
testing concepts, etc.). A new function must be defined if the type or constraints
are modified,.

A subset of 1; is associated with each function P;. The operational functions of
the system are given by O, suchthat 0,, 0, . .. . O,., O, are inclusive of all

operational functions, where each function is defined by the end items of the
system being used. An operational function must be defined for each different
subset of I; utilized during the operation of the system. By definition, all end
items I,,I, . ... I, I will appear in at least one subset of 1;, associated

with the preventive maintenance action of an operational function.
2.2,.3 Corrective Maintenance Action Definition

The corrective maintenance actions associated with the system are given by
Cw. C2 ... Cgq., and Cq are inclusive of all corrective maintenance actions

where each action is a maintenance action taken to correct a detected malfunction
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indication (e.g., test, remove, replace, adjust, repair, verify, etc.) within a
specific subset of constraints. The actions are assigned to each system end
items so that the times involved are exclusive to the individual end items,
{(e.g., the removal of anenditem, assuming that all access to that item has been
accomplished).

2.2.4 Malfunction Detection Analysis

The concept on which the analytical procedures are based prescribes that only those
system end items (I;) which can cause identifiable inalfunction indications during
the preventive maintenance, Py, action or operational, O,, functions will contribute
to the mean corrective downtime for that function. The probability that corrective
maintenance will occur is a function of the X X;,of the subset of I| associated with
the specific function. The end items I, I . . . In are assumed to have only one
failure mode for purposes of this discussion. However, in some cases it may be
necessary to specify the various possible failure modes (e. g., for a resistor -
open, shorted, etc.) to provide adequate downtime estimation accuracies. The
determination of the necessary level of delinition required to achieve specific
accuracies of the task time estimation is beyond the scope of this document. Those
end item failures which can be detected but not repaired within the constraints
associated with a specific preventive maintenance action or an operational function
will be grouped into the smallest isolatable 'black boxes''. The identification

of one of these "black boxes as being failed wili require that the system be
transferred to another function (e.g., the system shifted to a degraded operational
mode or the actual equipment moved to another maintenance area).

2.2.5 Preventive Maintenance Task Time Analysis

The task times for preventive maintenance actions are given by:

POTm = E'r,

where: PDT, = The total preventive maintenance performance time for
action Pg,

Tim = The time to perform the maintenance task on end item 1, as
required by action Py,

A distribution of the individual task times within each action can be developed
to ldentify critical design pointe as previously described.
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2.2.6 Corrective Maintenance Task Time Analysis

The end items defined in 2.2.4 as being detectable during a specific preventive
maintenance action or an operational function serve as a starting point in the
conduct of the corrective maintenance tagk analysis. The fault isolation concept
for the system under action, P of an O, functior. is defined. The trouble-
shooting, repair, and verification time for repairable end items, or the trouble-
shooting time for non-repairable end item groups are derived based on the
defined fault isolation concept. Thus, for action Ppy:

tem t: T, = (ZT‘M) * Tey, * Ty,
ltem2:  Tp, = (ZT'zm) * Teg, * Toe,,
Item n: Tom = (Z'rs%) + Tc'\m * thm

Item ith: Ty (ET.,m) * Te * Ty,

where:

T, = The total time required to correct malfunctioning end
item I; during action P of an operational function

The troubleshooting test times required to isolate end
item I} during action P

-
n

= The time required to remove, replace, adjust, or otherwise
repair malfunctioning end item I; during action Pp,

T =  The time required to verify that the system is good, given
that I, is replaced, repaired, adjusted, etc., during
action Py

For function O, :

Item |: Tl,

2 (2T ) ¢ Te Ty,
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Item 2:

Item n:

Item i

where:

T2

r

Tn

r

“"

TECHNICAL LIBRARY

(ZTep) ¢ Ten * Tuy,

(ZT'M) * Ve Ty,

The total time required w correct malfuncticning end item
1; during function O,

The fault isolation test times required to isolate end item
I} during function O,

The time required to remove, replace, adjust, calibrate,
or otherwise correct the malfunctioning end item I;
during function O,

The time required to verify that the system is good. given
that I; is replaced, repaired, adjusted, etc., during
function O,

In addition, the time to isolate the non-repairable end item groups during
action Pp, is given by:

Tim = ZTSM

where:

T

T'l-n

The total time required to isolate the jtn group during
action Py, of an operational function

The troubleshooting time required to isolate the jth group
during action Ppq,

The time required to isolate the non-repairable end item groups during function
O, is given by:

Tlr

:ZT

8¢
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T" = The total time required to isolate the jt» group during the
functioc O,
T.h The troubleshooting time required to isolate the jth group

during function O,

The mean-corrective-downtime of the system or identification of the requirement
to shift it to another maintenance or operational function during action Pp, i8
given by:

Z)\im Tin * Z)\ijn ZT

s
im
MCOTy =
sz ¢ ZNIM
where:
MCDT, = The mean-corrective-downtime for the system during
action Pp, of an operational function
)‘im = The failure rate of detectable malfunctioning end item
I; during action Pg,
Xi‘m =  The failure rate of the i'" end item in the j'* non-repairable

group which can be isolated during action P,

The mean-corrective-downtime of the system or identification of the requirement
to shift to another maintenance or operational function during function O,
is given by:

Z)‘i, T, * 2)\“' zT.l'

MCDT, =
Z)\; * ZX,
r ‘1
where:
MCDT, = The mean-corrective-downtime for the system during
function O,
xi], = The failure rate of the it" end item in the j'* non-repairable

group which can be isolated during function O,
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2.2.7 Total Maintenance Task Time Apalysis

A total maintenance time anaiysis is conducted to define the total time required
to perform preventive maintenance, and the total mean-corrective-downtime,
for maintenance of the system. The total time for preventive maintenance

is given by:

POT, = Zom PDT,

where:

PDTy = Total preventive-downtime during the specified
calepdar time

m = Frequency of occurrence of the mth preventive matntenance
action during the specified calendar time

The mean-corrective-downtime for the system is derived from the mission/
maintenance profiles.

The mean-corrective-downtime for the system i8 given by the weighted
tmormalized failure raten) of the MCDT for each actics Py, cfax O
operational function. Therefore,

ZN, + Ny,,) MeoT, « ZUN, v Aiy ) MCOTm
2().,' . X,") + Z()\l. ¢ )\5’"‘)

MCDTy =

where:

MCDT, = The mean-corrective-downtime for the system for the
given mission/maintenance profile

Applying the equation to & hypothetical mission/maintenance profile results in:
MCDT < [ [
. Z(M,' + M.'l) MCDT, ¢ I()“-. . )\,M') MCOTq,

+ Z()\g" . )\im) mcoT, + 2()“-: + )\lh') + MCDT
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+ Z()\.,‘ + )\i”‘} MCDT,s] / {Z[O‘ir. . )\i“ + X.“)

* (X"r' * xi.o, v Xi‘r,)] * 2[(x‘nc * x‘nl)

¢ g, * Mg, )]}

The total mean-corrective-downtime of the system for the mission/meaintenance
profile {s given by:

MCOT, = f(MCDT,)

where:

MCDTy = The total mean-corrective-downtime of the system for the
mission/maintenance profile

f = The number of detectable fajlures occurring during the
celendsr time

The total mean-downtime of the system with a specified mission/maintenance
profile is given by:

To = Zop PDTy ¢ MCOT,

where:

The total mean-downtime of the system with a specified

T
P mission/maintenance profile for the calendar time

6y = The frequency of occurrence of the action Py during the
calendar period

The use of & mix of mission/maintenance profiles for the system gives a total
mesan-downtime of:

Eup Tp

Tl 2
Sp
4-13
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where:
Ty *  The total mean-downtime of the system for a given mix of
mission/maintenance profiles

G * The frequency with which the pth mission maintenance profile
will occur during the calendar time

3.0 APPLICATION

The development of the system maintenance times is initdated by establishing

and grouping the physical and conceptual constraints existing within the
maintenance environment. The allowable corrective maintenance actions

(e.g., remove/replace, repair, test--troubleshoot~-, adjust, etc.) are specified
for each end item for each set of constraints.

Step 1 - The constraints applicable to each preventive maintenance action of an
operational function, and to the corrective maintenance action are related through
the use of the matrix shown in Figure 4-2.

CORRECTIVE MAINTENANCE ACTIONS

¢ Cz CG

P, X X

ACTIONS

PREVENTIVE
MAINTENANCE

Pm | X X X

Figure 4-2, Related Constraint Matrix

An "X" at & row/column junction of the matrix indicates that the applicable con-
straints to the actions Pm of an O, will permit the accomplishment of the
corrective maintenance actions (cg)'

Step 2 - An end item corrective maintenance action matrix, as shown in Figure
43, 18 used as an aid in the conduct of the task time analysis procedure. The
corrective maintenance actions assigned to each end item are described to match
the established physical and conceptual constrainta,
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A time value at the matrix junction of an end item row and an action column
indicates that this end item is acted upon or utilized during that action, For
example, in Figure 4-3 end item () is acted upon during corrective maintenance
action (C,).

END ITEM CORRECTIVE MAINTENANCE ACTIONS
1, A T 0 T, 1,9
|
I, A, 0 T2, Ta, |
!
{
!
!
!
I
I
!
i
!
In )'n Tn, —— e e e e - Tn,

Figure 4-3. End ltem/Corrective Maintenance Action Matrix

This matrix will serve t~ -stablish the corrective maintenance actions which can be
undertaken on the system end items within the specified physical and conceptual
constraints associated with the preventive maintenance action of an operation
function.

Step 3 - An end item, preventive maintenance action matrix, as shown in Figure
4-4, is used to calculate the individual action performance time (PDT) (as
described in Paragraph 2.2.5) and the related mean-corrective-downtime (MCDT)
fas described in Paragraph 2, 2, 6).
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ENDITEM PREVENTIVE MAINTENANCE ACTIONS
p P P P P P

I; >‘i i 1 2 2 m m
Prev. corr. Prev. Corr. Prev. Corr.

1 Y T, o 0

I, | A, Te, Te, )

Iy | As 0 0 Ta, (1)

—)
- e s e w e s S w — - .

b e > = e = = - -
-
-

-4
£}

>
o

o

Te,

% MeeT % MCOT, % MCDT

z)\;m Tig * Z)\ih ZT.'.‘
inn + 2)\;"

PDTqm °

MCDTm

Figure 4-4. End ltem/Preventive Maintenance Action Matrix

Each preventive maintenance action column is divided into two parts; the first
for the times required to perform the specified action on the affected end

items of the system; and the second part for the times required to troubleshoot,
repair, and verify detectable malfunctioning end items,

The end item/corrective maintenance action matrix is used to establish those end
items which can be corrected if malfunctioning within constraints specified
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for the individual preventive maintenance actions exist. The mean-corrective-
downtime for each preventive maintenance action ig calculated by establishing

the troubleshooting paths to each detectable end item malfunction, considering the
specified troubleshooting logic and constraints, and the interrelationships of the
various detectable malfunctioning end items. The time tq_ is placed at the end
item (I) / action (Pm) matrix junction of Figure 4-4. This time is the summation
of the troubleshooting, repair, and verification times for repairable end items.

The time Te)m 0 troubleshoot non-repairable end item groups is submitted as
required, as shown in Column P, Corr. of Figure 4-4. The non-repairable group in
this example consists of end items ] ¢ throughIpn=-1.

Step 4 - An end item/operational function matrix as shown in Figure 4-5 is used
to calculate the MCDT, for each operational function as described in Paragraph
2.2.6.

END ITEM OPERATIONAL FUNCTIONS

I \i 0y 0. Oy |==---- 1 O

1, Ay T, ] 0 T,

I, A2 Ts, T2, o] o]

1y A3 0 0 Ts, 0

|

1

i

)

In An 0 Th, Th, Tn,
MCDT, | MCDT, | MCDT, MCDT,

2)\5' T, * Ekii' 2T
2)\;, + Z)\

1"

'lr

MCDT, -

Figure 4-5. End Item/Operational Function Matrix
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The MCDT, for each operational function is calculated in 8 manner tdentical
to that used for the MCDT,, for preventive maintenance actions.

Step 5 - The total preventive maintenance time, the total mean-corrective~downtime,
and the total mean downtime for maintenance are calculated for each mission/main-

tenance profile as described in Paragraph 2.2, 7,

Custodians: Preparing activity:
Army - Ml Navy - AS
Navy - AS Project No. MISC-0327

Alr Force - 11
Review activities:
Army - EL, Ml

Navy - AS, EC, O8, SH
Air Force - 11, 13, 14, 17
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