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FOREWORD'

. This three volume final technical report was prepared by Martin
Marietta Acrospace Corporation; Orlande. Florida under Contract
F30602-73-C-0201, Job Order-Number 55190123 ‘Sor- Rome Air Development
Center, Griffiss Air Force Base, New York. It was pvopared in accordance
with the format requizements set forth in AFSC Design.Handbook DH 1-1,
General Index and Reference. The format permits updating of the notebook
as new methods and information become available.

RADC Project Engineer was James Saporito, Jr. (RBRS).

This notebook is dedicated to.Mr. Frank Mazzola whose untimely death
resulted in a great loss, to the maintainability world.

This report has been reviewed by- the Cffice of Information (0I), RADC,
and approved for release to the National Techinical Information Service (NTIS).
At NTIS, it will be-available to the general ‘public, including foreign nations.

This report has been reviewed and is approved for publication.
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JAMES SAPORITO
Project Engineer
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osEPHLS. NARESKY
Chief, Reliability & Compatibility bLivision

FOR THE COMMANDER: @M{%

CARLO P. CROCET(I
Chief, Plans Office
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ABSTRACT

d
g The-RADC Maintainability Enginaering Design Notebook brings together
M currently available-knowledge ¢f maintainability enganeering and treats such
- knowledge from a practical rather than theoretical viewpoint. The notebook

§§ grovides both uantitative -and qualitative iuformation and techniques which
#
i
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can serve-as guidelines for those personnel who are-directly responsible for Zi
establishing maintainability requirements and maintainabilaty design, and for :
the acceptance of the maintainability of Air Force ground electronic cystems ) ?é
and equirments. vog
Although the notebook is directed at ground electronic systems, the | L
majority of the material is applicable to a much broader class of hardware. b
g . > |-
£ Specifically, the notekook includes a description of the tive phasing of . %
g the maintainability program tasks, a breakdown of maintainability into its " 7«
)31 roots, ard detailed description, guidelines and methodology, procedures, 3
"} and an example of each maintainability task, as applicable. l 35;
g
» s PPN H
5\% Since maintainability covers a wide range of disciplines ranging through ! ‘3
3 electronic and mechanical design, instrumentation requirements, logistic ' §
'} support, personnel requirements, and statistics, it is not anticipated that . 3
: any single group will find all of its responsibilities completely described ,
{ in this notebook. It should, however, cont:ibute significantly to improved . %
Hx maintainability programs and subsequent improved system/equipment maintain- .
{ ’ ability. e
P
i : cos . H
§ It is intended that the notebook will be updated and revisions issued as 5
necessary to enhance its applicability and maintain its currency with advances ~
- 5 in the maintainability discipline. i
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EVALUATION.

1. The objective of this effort was to provide for the revision

and expansion of the RADC Maintaingbility Design Engineering dotebook,
RADC-TR-69-286; and tv develop quantitative relationships capable

of equating desired values of maintainability to values o. osi.

; 2. The Mainicicability Notebook brings trgether currently available

N knowledge of maintainability enginccring and treats it {rcm a practical
viewpoint. It provides both quantitative and.qualitative information
and techniques which serve as-guidelines for those who are directly
responsible fcr establishing maintailnability requirements and maintain-
ability design of Air Force ground electronic systems and equioments.

i i el ke ool e s e
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3. It further includes detailed breakdowns of program elemeat: and
tasks of maintainability specified in AFP 300-7, MiL-STD-470, MIL-STD-
471A, MIL-STD-721B and MIL-HDBK-472. It indicates current policy on
Integrated Logistics Support (ILS) and its relationship to the various
. facets of mairtainability. It also traces the responsibility of
implenenting these through the system acquisition phases.

P Yy )

4. The Notebcok provides a description cof the time-phasing of maintain-
ability progrsm tasks and a breakdown of meintainability into its cost
envelcpe for cach task as a function of equipment characteristics. ;

5. The aralyuis of the cost of maintainability resulted from data on

17 systems consisting of inputs from 14 companies collected through
solicitation and questionnaires. The degree of accuracy of the cost Il
data can only be substentiated through the collection of additional cost

data Jrom cooperating electronic companies and compared to the actual

costs of systems and their maintenance. This collection and comparison

) will continue in the house to assure thnt cost data are reliable and

i useable.

6. In summary, the Notebook contains a wide spectrum of maintainability
knowledge, runging from management and cost to design. It will provide
government and iadustrial organizations, at all levels, with the
necessary knowhow, to specify, generate and apply the maintainatility
disciplines. The Notebook will be distributed to AFSC, Wright-Patterson
AFB OH, where it will be published as a design handbook. It will also be
generally distributed through DDC.
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7. The Nctebook will be continually updated and revisions issued as N
. necessary t. enhance its applicability and maintain its currency with $
) advances in maintainability. It is Jesigned such that revisions and new
! chapters can be inserted without affecting the basic format.
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JAMES SAPORI |
Rel. & Maint. Engineering Section i
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SHAPTER L
MAINTAINABILITY PROGRAM INTRCDUCTION

This chagter describes the contents and purpose of the Maintainzi.zlity En-
gineering Design Notebook. It also identifies the military and other docu-
ments that supplewent the notebook and indicates the port:ions of the note-
book to which these documents apply. The maintainability program is pre-
sented by means of text and a maintainability program 'xcadmep.” The
chapter concludes by presenting characteristics of a sanple system that

will be used to illustrate many of the notebook procedures.

Preceding page blank
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-MAINTATRMRILITY cnp 1
CHAPTER 1 . .. . MAINTAINABILITY PRCGRAM.INTRODUCI'ION

SECTION 1A-- PURPOSE AND-USE-OF-NCTEBOOK

Design.Note 1Al - Notebook Application
1A2 ~ General Philosophy '
123 - Maintainability Interfaces T L

124 - system Acquisition Process
SECTION 1B < MAINTAINABILITY PROGRAM DESCRIPTION

Design Ncte 1Bl -~ Maintainability Program Philosophy
1B2 ~ Maintainabj1ity Program Roadmap
1B3 ~ Maintainability Related Program Functions
1B4 - Maintainstilicy Task Description
1B5 - Cost of Maintainability Tasks
1B6 -~ Maintainability Related Support Functions
1B7 -~ Maintainability Related Syscem Design Data

SECTION 1C -~ SAMPLE SYSTEM

Design Note 1C1 - The Multiplexer Set :
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION SECT 1A

SECTICH A
PURPOSE AND USE OF NOTEBCOK

This section describes the notebook's scope and purpose. [t also summarizec

the subjects covered and describes how to use the notebook effectively.

ix
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.CHAR "1 = MAINTAINABILITY. PROGRAM', INTRODUCT'.ON

SECTION 1A .- . PURPOSE AND USE OF NOTEBOOK

DESIGN:NOTE 1AL - NOTEBOOK APPLICAT.ON

1. GENERAL

2. PURPOSE - ST

3. SCOPE

4. SUPPLEMENTING DOCUMENTATION .
4.1 Military Standards ;

4.1.1 Maintainability Projram Requirements . (MIL-STD=470)
4.1.2 Maintainability Deasonstration (MIL-STD-471h)

4.1.3 Maintainability Dafinitions [MIL-STD-721B)

4.2 Military Handbocks

4.3 Air Force Manuzls

4.3.1 Systems Engincering ﬁénagement Procedures (AFSCY 800-XX)
4,3.2 Optimum Repa.r-Level Analysis (AFSCM 800-4)

4.4 Alr Force Tichnical Reports

4.5 Aix Force egulations

4.6 Aix Force Pamphlets

DESIGN NOTE 1A2 - GENERAL PHILOSOPHY

1. WHAT IS MAINTAINABILITY?
2. WHY MA'NTAINABILITY?
2,1 Syster: Effectiveness

2.2 Ease of Logistic Support
23 Ease of Maintenance

2.4 Surmary

DESIGN NOWE 1A3 - MAINTAINABILITY INTERFACES
1. GENERAL

1 (1) Maintainability Program Interfaces

2, MAINTAINABILITY/MAINTENANCE ENGINEERING INTERFACE

2 (1) Maintainability/Maintenance Engineering Task Interface
x
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CHAP ~ MAINTAINABILITY PROGRAM INTRODUCTION
DESIGN NOTE 1Ad - SYSTEM ACQUISITION PROCES

131

INTRODUCTION

1.

Phases of the Acquisition Process
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QHAP 1 - MAINTZINABILITY PROGRAM INTRODUCTION DN 1Al
<ECT 1A - PURPOSE AND USE OF NOTEBGCOK

DESIGN NOTE lAl : NOTEBOOK APPLICATION

1. GENERAL

The Department of Defense (DoD) has recognized the need to establish Inte-
grated Logistics Support (ILS) as a distinct discipline and has published
DoD Directive 4100.35, Development of Integrated Logistics Shpport Planning
for Systems Equipments. This DoD document has been implemented bfu'“w

AFP 800-~7, Integrafed‘iogistic Support“Implementation Guide for

DoD Systems and Equipments. These publications define ILS and essential,
related maintainability tasks that must be accémplished during materiel

acquisition, but do not prescribe precise methods of accomplishment.

2. PURPOSE

The purpose of this notebook is to present current maintainability poliéies
and currently>$ccep;ééwmééhpds of accomplishing each task defined in MIL-STD-
470,’Maintainabirity Program R@quirements. It is recognized that wide varia-
tions will exist between specific projects in the detailed contractual re-
quifements and‘thevambunt«of resources available for performance of individual
tasks. For thié‘reason, Sasic‘principles and sample methods have been pre-
sented, along with some variations in procedures, guidelines, and methodology

which can be adapted to specific requirements and available resources.

3. SCOPE

The scope of this docdment,}ncludes program elements of maintainability speci-
fied in AFP 890-7 and MIL-STD-470., It states the DoD policy on ILS and main-
tainability, and. traces the responsibility of implementing these policies
through the_s&étem acquisition phases. UN 1B2 contains a maintainability

roadmap of program alements and the program phase relationship.
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN 1Al
SECT 1A - PURPOSE AND USE OF NOTEBOOK

Each chapter contains a description of the task, with quidelines, methodoloqy,
and, in most cases, procecdures and examples for accomplishing the task. The
only exception to this outline is Chapter 2, which describes the roots of main-
tainability: Startingjwith bhapter 3, the sequence of the chapters is by task
and is the sequence in which they would normally occur in the acquisition of a

system.

Although this document is specifically dedicated to the implementation of
a maintainability program on a ground electronic system, the philosophies

presented are generally appliéable to other types of systems.
4. SUPPLEMENTING DOCUMENTATION

Many of the procedures, techniques, and policies that are needed in the sys-
tem procuremgnt process are published and are in reqular use throughout the
Air Force. The documents: that are required to supplement the notebook are

listed below:

4.1 Military Standards
4.1.1 Maintainability Program Requirements (MIL-STD-470) (See Sect 1B.)

The réquirements of this standard are applicable to planning and implementing
the development phases of all system and equipment acquisitions. When devel-
. opment is not involved, the standard is applicable to the extent specified
. _ip the contract documentation.
The specification requires contractors to plan and implement a maintainability
. program. Thé specification lists all tasks to be performed and details the
specifics of each task.
4.1.2 Maintainability Demonstration (MIL-STD-471A) (See Chap 15 and 16.)
vMIL-STD—4715, Maintainability Demonstration, is intended for use in demon~
' stration of maintainability at any hardware level (systems, subsystem, etc.)

anéd at any level of maintenance under any defined set of maintenance con-

ditions.
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION ' DN 1Al
SECT 1A - PURPOSE AND- USE OF NOTEBOOK

i

It includes standard procedures for demonstrating maintainability and a
number of test methods. Selection of test methods will be made by the pro-
curing activity directly or by delegation to the selected contractor, and
it will be based on acceptable tradeoffs between risk, cost, and time and
on the degree to which assumptions underlying specific pians are valid for

the situation covered by the procurement.
4.1.3 Maintainability Definitions (MIL-STD-721B)

MIL-STD-721B, Definitions of Effectiveness Terms for Reliability, Maintain-
ability, Human Factors, and Safety, defines words and terms used most fre-
quently in specifying effectiveness to give these terms a common meaning for
DoD contractors.

4.2 Military Handbooks

MIL-HDBK-472, Maintainability Predictions,‘provides information on current

maintainability prediction procedures. (See Chap 13.)

‘ . v . .
4.3.1 Systems Engineering Management Procedures (AFSCM 800-XX) (See Ap-

pendixes E and F.)

: The AFSCM 800-XX series of hanuals establish the requirements, policies, and

procedures‘forlsystem'progrém office management of the system engineeripg

.effort. They'aig‘the system engineering management standard for all AFSC

system acquisitioﬁ programs and projects.,

These manuals serve two purposes. First, they define a common system analysis

 “process that leads to system definition in terms of performance requirements

-on a total system basis. Secondly, they provide a detailed “roadmap" of en-

gineering actions in their relative order of occurrence during a system's

life cycle.



evolved concurrently with the definitien and’engineering developmeiit Of a
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5 4.3.2 Optimum Repair-Level Analgr'ais, (AFSCM 800-4) (See Chap 7-.and:9.) Loy
i L%
5 AFSCM 800-4-explains a repai'r—lé\-e!a‘\inalysis system applicable to AFLC/AFSC : %
N gy - s a %
d organizations. It -is'a guide for usd ;é'.n procurément -of new weapon/support ‘%
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< ’ systems and provides -contractors-and prospective €ontractors with:a basis on- :
: . Ll ; . P . . [
which an- optimum.approach’ to level.of repaix or discard at failuxé -can be §
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4.4 Air Force:-Technical Reports

RADC-TR-66-187° Maintaihability of Micro Circuit Equipmerit (See Chap 9.)
FADC-TR-69-356 Vol I, Maintainability Prediction and (See Chap 13.)

5 N
e REL L RAT R Oy A A

Demenstration Techniques
RADC-TR-69~356 Vol I1I, Maintainability Prediction (See Chap .15 and 16.)
and: Demonstration T4chniques
RADC-TR-70-89  Maintainability Prediction and (See_Chap 13.)

g *
Demonstration Techniques (.., $

4.5 Air Force Regulations

P

AFR 80-14 Test and Evaluation (See Chap 15.)

4.6 Air Forxce Pamphlets

PRPPPTE

AFP 800-7 Integrated Logistics Support (See Appendixes E and ‘F.)
Implementation Guide for Dod

PR

Systems and Equipments
ATSCP 800-3 Guide for Program Management (See Appendix E.) .




CHAP 1 - MAINYAINABILITY PROGRAM INTRODUCTION DN 1a2
SECT 1A ~ PURPOSE AND USE OF NOTEBOOK

DESIGN NOTE 1A2 GENERAL PHILOSOPHY

1. WHAT IS MAINTAINABILITY?

A definition of maintainability adopted by the Department of Defense and the
defense industry is as follows: "A characteristic of design and installation
which is expressed as the probability that an item will be retained in or
restored to a specified condition within a given period of time, when the
maintenance is performed in accordance with prescribed procedures and re-
sources" (MIL-STD-721B). In general, maintainability refers to the ecase wiath
which equipment can be maintained in an operational condition. It 1s an

attribute of design.

Maintainability, as a measure of the ease and rapidity with which a system

or equipment can be restored to operational status following a failure, is a
function of equipment design and installation, personnel availability an the
required skill levels, adequacy of maintenance procedures and test equipment,

and the physical environment under which maintenance is performed.

To be a meaningful value as a design criterion, maintainability must be
capanle of quantitative expression for specifying, estimating, measuring,

and demonstrating its value,

Maintainability can be expressed either as a measure of the time required to
repair a given percentage of all system failures, or as a probabality of re-
storing the system to nperational status within a given period of time fol-
lowing a failure, Both of these figures of merit will be used in later parts
of this notebock.




.CHA? 1.~ MAINTAINABILITY PROGRAM INTRODUGINON T oz
SECT 1A - PURPOSE AND USE OF NOTEBOOK

Séveral concepts are implied in the definition of mq;ntainabiilty give; aboves
.a. Maintainability is a design characteristic that is built into the equip-
ment and must be considered in the early conceptual phases of a Research and
Engineering (RsE) prograim for new equipment and pirsuéd through each subse-
quent program phase.

b. Maintainability can.be predicted:'and measured in.terms of maintenance
man-hours and equated to dollars for inclusion in-maintenance cost -forecasts.
c. Maintainability must not be treated-as an isolated design feature, but as
an interface with reliability, equipment availability, and logistic support
factors.

d. Mcintainability must be a practical design constraint; i.e., the equipment
user's maintenance resources and operational environment must be considered
without unduly constraining the functional design.

e. The maintainability features designed into the equipment must support the

equipment mission.

To sunmarize, maintainability 1s concerned with any design and maintenance
concept decisions which have an impact on maintenance and its attendant
logistics resource requirements. Chapter 2 defines maintainability in terms

of its roots.

2. WHY MAINTAINABILITY?

The basic worth of a system to its owner is determined by two fundamental
factors: system effectiveness, and ease of logistic support, which includes
ease of maintenance. The two factors are dependent, in large measure, on the
maintainability characteristics of the system. Maintainability is therefore

a critically importaat consideration in planning the acqusition of a new sytem

or equipment.
2.1 System Effectiveness

Reliability, performance capability, and availability are primary measures of
system effectiveness. Availability and its several derivations {i.e., turn-
around time, operstional ready-xate, etc.) are directly proportional to the
maintainability characteristics of the system. A system that is quickly
maintainable is more often operable at the instant it is needed.
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CHAP ~ MAINTAINABILITY PROGRAM INTRODUCTION ON 1A2-
SECT 1A - PURPOSE AND USE OF NOTEBOOK

2.2 nase-of Logistic Support

Maintenance requires skitled personnel in quantitics and skill levels com-
mensurate with the' complexity of the maintenance characteristics of the
system. A system that is easily maintainable can be quickly restored to
service by the skills of available maintenance personnel. The use of other
logastic resources, such as tool and test equipment, facilities, and spare
parts stockage, are also optimized in direct proportion to the degree of

maintainability designed into a system.

2.3 Ease of Maintenance

A system that is quickly and easily maintained reduces the operating costs
throughout its life cycle. This i1s accomplished by reducing the man-hourcs

and labor skills required for maintaining the system and thereby reducing the

amount ‘of training required. These reductions are important when it is con-

|
!
i
!

sidered that life cycle support costs for equipment often range from 3 to 20

}

-

4
i

times its original procurement cost.

kot

2.4 Summary

2t R

{

Maintainability should not be designed into a system {or the sake of maintain-

ability, but rather, the degree of maintainability, like all other c¢2sign dis-

B L P Lt

ciplines, should be determined as that representing the system which meets or
exceeds the operational requirements at the minimum life cycle cost. It should
be pointed out that i1f the contract is awarded based on lowest acquisition cost

alone, one can expect only a design which meets (but not exceeds) the main-

e e v e —— avon ——

tainability time yequiremenis and constraints at the minimum acquisition cost.

The term "system" as used hexe means the deploved tactical hardware with all

the accompanying support personnel, hardware, and software.
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CHAP ') - MAINTAINABILITY PROGRAM INTRODUCTION DN 1A3
SECT 1A - PURPOSE AND USE OF NOTEBCOK

DESIGN NOTE 1A3 - - MAINTATNABILITY INTERFACES

WRE Z TR

\ 1. GENERAL

The intricate relationship between maintainability as a. system effectiveness

parameter and maintainability as a system design attribute 1s frequently mis-

s ey

understood, -Inadequate consideration of maintainability din the early plan-
ning.,and design phases of material acquisition can result in critical short-
ages of personnel of the skill levels required to effectively maintain a
system, inadequacies in built-in monitoring and fault isolation fac:lities,
deficiencies in test equipment and maintenance provisions, inaccessible loca-

tions of high failure rate components, unsafe maintenance conditions, and, as

e T I L T R A

Maintainability engineering is the system engineering discipline within which

the technigues of system analysic and equipment design are combined with a

}
a result, exorbitant life cycle costs. i
knowledge of reliability, safety, human factors, and life cycle cost methodol- i

i
/gl

ogy, to provide optimization of the matiitainability aspects of system design %

{
rdartes

a3 TS BT T B B

and an awareness of interface problems. The maintainability engineering fur -
tion involves the formulation of an optimum combination of design features,
repair policies, and maintenance resources to achieve a specified level of
maintainability at minimur life cycle costs. There are many interfaces and
feedback paths between these disciplines. SK 1 (1) depicts the feedback
paths and the type of data.

2. MAINTAINABILITY/MAINTENANCE ENGINEERING INTERFACE

The maintenance engineer is primarily system support oriented, whereas the

[EONPRPIE T

maintainability engineer is primarily system design oriented. This does not
1n any way imply lack of knowledge of support by the maintainability engineer

Y PN
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CHAP 1 - MAINTAINABILITY P~ROGRAM INTRODUCTION DN 1A3
SECY 1A - PURPOSE.AND USE OF NOTEBOOK

or of design by the maintenance engincer. Their two arcas of activity and
interest are complementary. Each -depends.on the other for anulysis -sup-

port and technical data in establishing an optimum and mutually compatibie

set of design criteria and repair policies.

The maintenanve engineer is a specialist in maintenance procedures, -task
analysis, development of instruction, and determination of resource require-
ments in terms of personnel and test equipment needed to satisfy the main-

tainability requirement.

In summary, maintainability engineering is primarily a before-the-act (of
design) activity, while maintenance engineering is generally an after-the-
fact function. There are, however, many interfaces and feedback paths be-=

tween the two specialties as depicted in SN 2 (1).
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SECT 1A - PURPOSE AND USE OF NOTEBOOK
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SUB-NOTE 2 (1) Maintainability/Maintenance Engineering Task Intexface r

DN-1A3

Maintainability. (W)
Enginsering

Functions

® M Specification Requirements
T Malyses

& M Design

O M Trade Studies

® Inherent Availability (Ai)/Cost
Trade Studies (Reliapility
Liaison)

® M Apportionments

® M Evaluations

® M Design Reviews

e <

“Maintenance (M), .
Engineering

Functions

LN A
::l:clzl:‘l

nalysis B
'ask And Skill Analysis
Spares Allocation

2

Determination

9 E Facilities Anslyses
N

Evaluations

Tools & Test Equipment .(TSTE)

t v‘

» .

Outputs

® M Demonstrations and Test

intenance Concept
Criteria

sign Spec

rade’ Study Reports
alysis

[ X X N N N ]
IRIRERIE |
HE¥

oM Raquirements/Planning,

Parsonnel
skillsLevels
Repair parts
‘Facilities
Procedures
T&TE

@ Engineering Change
Proposal (ECP)
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gz

sign gaview Input
Test Reports

oo
1=z

11

e e o sesmrics e

oy

| e

S v

Pz

e

i otioant oo edimech, 28I Aoa o NN BN

2

P EE Tl TR s S Lo

T R O Ao L = 0

|



3

»

B P SN e s I eI AP

3

TR G SN s S Sy R

TR A TR

A (AT SRS N Sty S WA R AL R

CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN 1A4
SECT 1A - PURPOSE AND USE OF NOTEBOOK

DESIGN NOTE 1Ad SYSTEM ACQUISITICN PROCESS

1. INTRODUCTION

The development of any new system 1s a complex task that reguires interaction
among a number of agencies. To achieve proper coordination, the Air Force
uses a process of system management called "functional management." It is
defined as the process of planming, organizing, coordinating, controlling,
and directing Arr Force efforts within a structure that groups responsibilities
accordinyg to type. of work. Titles such as plans, programs, research, procure-
ment, supply, maintenanée, personnel, intelligence training operations, civil
engineering, security, and medical support are descriptive of group responsi-
bilities.
The acquisition process consists of five major phases with major decisions
required before proceeding with the second, third, and fourth phases as in-
dicated below and in SN 1 (1). (A more detailed description of the program
phases which has been extracted from APSCP 800-3 1s included in Appendix E
of this notebcok.)

Conceptual Phase - Program Decision

Validation Phase - Ratification Becision

Full-Scale Development Phase - Production Decision

Production Phase

Deployment Phase

The farst phase is the Conceptual Phase, during which the technical, military,
and economic bases are established, and the management approach is delineated.
The Program deuvision foliowing this phase determines subsequent system pro-

gression and establishes the functional baseline.

The second phase is the Validation Phase, during which major program charac-
terastics are validated and refined, program risks are assessed, res~lved, or
minimized, and the confidence of success becomes high enough to warrant pro-

gression to the next phase. It establishes the allocated baseline.
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN 1a4
SECT 1A - PURPOSE AND USE OF NOTEBOOK :

The thixd phase is the Full-Scale Development Phase, during which design,
fabrication, and test ave completed to assure that the program is ready for

the Production Phase, and establishes the product baseline.
The fourth phase is the Production Phase, dvring which the system is ef-

ficiently produced and delivered as an effective susportable system.

The final pﬁase is Deployment, during which the system reaches its operational

ready state and is turned over to the using command for transition te the Air
Force Logistic Cormand (AFLC).

-
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CHAP ) - MAINTAINABILITY PROGRAM INTRODUCTION

SECTION 1B
MAINTAINABILITY PROGRAM DLSCRIPTION

This section identifies and describes the maintainability program tasks:and

the interrelationship of ail the factors directly related to maintainability.
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CHAP 1 ~ MAINTAINABILITY PROGRAM INTRODUCTION SECT 1B

SECTION 1B - MAINTAINABILITY PROGRAM DESCRIPTION

DESIGN NOTE 1Bl ~ MAINTAINABILITY PROGRAM PHILOSOPHY

1. GENERAL
1. (1). - Maintainability-Program Tasks/Systgh’Phésg Relationships
1 (2) :Maintainability (M) Effort Program Phases

DESIGN ‘NOTE 1B2 - MAINTAINABILITY PRGGRAM (ROADMAP

1. GENERAL
1 (1) Maintainability Roadmap

2. MAINTAINABILITY ROADMAP DESCRIPTION

2.1 Maintainability Rélated Program functions N
2,2 Maintainability Tasks

2.3 Maintainability Related Support Functions

2.4 Maintainability Related System Design Data

2.5 Maintainability Related Milestones

DESIGN NOTE 1B3 - MAINTAINABILITY RELATED PROGRAM FUNCTIONS o

Y

i. REQUIRED OPERATIONAL CAPABILITY (ROC)

2. PROGRAM MANAGEMENT DIRECTIVE ‘(PMD) ISSUED ,

3. OPERATIONAL CONSTRAINTS AND CONCEPT

4. DEFPLOYMENT CONCEPT

5. ANALYZE MAINTAINABILITY AND MAINTENANCE REQUIREMENTS AND
ESTABLISH CONSTRAINTS

5.1 Quantitative Constraints

5.1 (1) XYZ Critical Communications Link

3
I
{
]
i
i

5,2 Qualitative Constraints

6. PREPARATION OF SPECIFICATION INPUTS

7. SECRETARY OF DEFENSE (SECDEF) APPROVES DEVELOPMENT CGNCEPT PLAN (DCP)
8. FUNCTIONAL BASELINE

9. PROGRAM MANAGEMENT PLAN (PAP)

10. APPROVED DCP ’

11, ALLOCATED BASELINE

16
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION

12.
13,
14.
15,
16.
17.
18.
19.

APPROVED DCP

PHYSICAL CONFIGURATION AUDIT (PCA)
PROGRAM DOCUMENTATION UPDATED
PRODUCT BASELINE

CATEGORY I TEST START

CATEGORY II TEST PLAN AND START
CATEGORY T AND II TEST

CATEGORY III TEST

—— e

DESIGN NOTE 1B4 -~ MAINTAINABILITY TASK DESCRIPTION

11.
12.

13.

MAINTAINABILITY PROGRAM PLAN
MAINTAINABILITY ALLOCATIONS
DESIGN REVIEWS

Design Concept Review
Preliminary Design Review
Critical Design Review ‘
MAINTAINABILITY REPORTS
TRADE-OFFS

SPECIAL MAINTAINABILITY ANALYSIS
MAINTAINABILITY MODELING
MAINTENANCE CONCEPT
MAINTAINABILITY DESIGN CRITERIA AND SPECIFICATION INPUTS
MAINTAINABILITY PREDICTIONS
MAINTAINABILITY DESIGN AUDIT
%EF?AINABILITY DEMONSTRATION

MAINTAINABILITY DATA COLLECTICN, ANALYSIS, AND CORRECTIVE ACTION

DESIGN NOTE 1B5 - OOST OF MAINTAINABILITY TASKS

1.

(1) 1
1) 2

COST ESTIMATORS

Progran Plan
Design Review
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DESIGN NOTE 1B7 - MAINTAINABILITY RELATE

SECT 1B

Alldcations

Reports :

“Trade-0ffs

Special Analysig

Models

Maintenance Concept

GFE Integration

Design Criteria and Specifications
Predictions

Design Audit

Demonstration Plan

Demonstration Conduct
Demonstration Report

Data Collection and Analysis

1 Maintainability Tasks

Z pemonstration Conduct and Report

MAINTENANCE ANALYSIS

General

Logistic Resources

Equipment Publications (T.0.)
Spares

Facilities

Personnel and Training
Support Equipment
Transportation

Calibration Requirements Summaxy

DESCRIPTION

18
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CHAP 1 - MAT'TAINABILITY PROGRAM INTRODUCTION DN 1B1
b SECT 1B - MALNTAINABILITY PROGRAM DESCRIPTION

DESIGN NOTE 1Bl MAINTAINABILITY PROCRAM PHLLOSOPHY

1., GENERAL »

A majintainability program centers around the maintainability tasks and manage-

ment procedures that will be utilized to control maintainability throughout a

system's life cycle. The primary objectives of a maintainability progran are
as follows:

kit

i a. To ensure design adherence in relation to specified operational and

performance parameters in consonance with those principles associated with

x
XA iy

a highly maintainable system.

b. To ensure system design and maintenance concept optimized in texms of

3t

lowest life cycle cost.

*:,
5
The efforts of a maintainability program are conducted duraing all phases of §
a system's life cycle. £
' §
) . A ;
)y The procuring agency snould specify in its acquisition procurement contracts %
of its Request for Proposal (RFP) the requirement for the conduct of a Z
maintainability program in accordance with a standard procedural or require- : E
! £

i ment document. The military document whach governs all military maintain- |

ability program requirements is MIL-STD~470, Militaxy Standard Maintainabil-
ity Program Requirements for Systeme and Equipments.

It is the responsibility of the procuring agency to identify the requirement
for a maintainability program and to monitor the contractor's maintainability
program; it is the responsibility of the contractor to establish and maintain
an effective maintainability program.

o BB A Tese re 4 = ANRBL TEsaas o
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oA CHAP 1 - MKINTAINABILITY PROGRAM INTRODUCTION DN 1B1
PR SECT 1B - MAINTAINABILITY PROGRAM DESCRIFTION

} . The contractor's response to the RFP should be .evaluated by the procuring

H

agency tG assure that thié contfactor undérstands and is-responsive to the
requirements, and‘'to assure that the contractor.has an effective, realistic
set of resources and management tools to assure. timely attainment of the re-
quirements and demonstration Of the attainment.

Since MIL~STD-470 is definitive in the tasks of a maintainability' program

plan, the variation in plans submitted for review should reflect the coh-

tractor's understanding.of a maintainability program, the system-require-
ments, and the:uniqueness of his maifitainability organization-and techhiques
for maintainability analysis. The tasks are defined by r;i;‘.’:—sTD;MO; the
"how" reflects the contractor's capab:’.lity. ) ;f

S

s i B b sere A e T e s 34 B R

:

"m"

The effectiveness of the maintainability effort is’;ufeated unless the ef-

forts within the program are completed in a timely manner in consonance with

the overall design engineering milestones. Ayf tasks should be scheduled to

be completed in time to be effective in the.“ecision-making process. To be -

effective, the maintainability organizatiszn should be in a position to rec-
, ognize foreseeable problem areas, idf:i'cify efforts required to investigate

4
and correct these problems, and be y.mely with changes within the design
phase. ‘é*‘

. §
The identification of appropr::s‘?ce procuring agency-contractor program mile-
4

§ .
stone review points is nec%“éary to assure that all aspects of the program

£
developrent are approved ffnd identifiable problems resolved. These formal
maintainability review;i‘are usually scheduled during the program design re-
views, while informa}"‘ review is established by the procuring agency after

S TR P

¥
review of data elerf2nts (i.e., status reports, trade reports, predictions,

etc.) throughout "..he program. The latter is usually devoted to the solution
of special proluiems.

PENEOPEILN

SN 1(1) depi"’cs the maintainability program tasks and time phasing in re-
lation to ;arious phases of the system development cycle. SN 1(2) summarizes
the maintainability efforts conducted during each of the phases.

R
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CHAP 1 ~ MAINTAINABILITY PROGRAM IN’IfRODUC‘I‘IOI)I DN 1B1
SECT 1B ~ MAINTAINABILITY PROGRAM DESCRIDPTION

'

“ SUB-NOTE 1 (1) Maintainability Program Tasks/System Phase Relationships l 1

. r Phases
Haintainability - g
. Prograx. Requirements Conceptual | Validat:ion §Full-Scale | Production Deployment

Development

Establish Requirements —
and Constraints "

Prepare Program [~
Plan

T
3

—
[

Allocations -
. Reviews

{ N Concept
Design

3 Hardware

5 Reports
Trade-0Offs
Specyal Analysis
Model

G RIS

Maintenance Concept
“ ; GFE Integration
Design Crateria
Specification Inputs
Prediction

Design Audit
Demonstration

Data Collection,
Analysis, and

mnTmmlm
Corrective Avtion

Related Program Milestones

System Performance A
Specification

v o AT A, i ST i i s s e

System Design Requirements 2
Specification Part I

CAT 1 Test JaN /] ]
CAT II Test fa\| illllllllll%.ll.\T
System Design

Requirements
Specification Part II

CAT III Test A‘W?MA
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.SECT 1B - MAINTAINABILITY'PROGRAM DESCRIPTION
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CHAP" 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN 1B2.

‘SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION

2.3 Maintainability Related Support Functions
These are the functions that maintainability. impacts.and guides to develop
the logistic resources.

2.4 Maintainability Related System Design Data

These are the system engineering design functioas that feed data (design,
type, complexity, accuracy, environment, reliability) to maintainability and
receive data from maintainability.

2.5 Maintainability Related Milestones

These are the major milestones of a system acquisition which maintainability
keys on.
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SECT 1B. - MAINTAINABILITY. PROGRAM DESCRIBTION

‘ DESIGN NOTE 183 . e MAINTAINABIL;.TY« RELATED- PROGRAM- I"UNC’I‘IONS

1. -REQUIRED" OPERATIONAL CAPABILITY (ROC) (See DN ‘1B2, SN (1), block 100 )

The Conceptual Phase may begin-with .the statement of the operational defi- ;
ciency or need. This statedent may be expréssed by Headquarters USAF or by
a'major coimand (MAJCOM} as a ROC {AFR 57-1). *

Coordination with.the using.command should be emphqgized. ‘The .process should \

, begin-with the submission of the ROC and continue throughout " the acquisition,
’ A more efficient system management will result when user requirements are
known at -all times, As prgbleins arise, realistic ttade-offs can be broperly
evaluated. This will provide a system optimized to user requirements. In
addition, the user will be made aware of ,the management and technical problems

2N

as they occur and will be better.prepared to support requiied program-changes.

R

;
|
If such cooxdination is not maintained, there is the hazard of becoming.so in- l

2. PROGRAM MANAGEMENT DIRECTIVE (PMD) ISSUED (See ON 1B2, SN 1(}), block 10l1.)

E -
‘ . volved with the acquisition that the objective of providing the using com- .
N mand with a required capability may be threatened. (.,,

Headquarters USAF directs and guides appropriate action in the Conceptual

Phase by means of a PMU. The PMD specifies the progress and acceptance of |
the program at Headquartexs USAF and Office of Secretary of Defense (OSD)

levels, including the actions to be performed by the commands to translate

St e

the ROC into a proposal for a new program. . f
]
¥

B

3. OPERATIONAL CONSTRAINTS AND CONCEPT (See DN 1B2, SN 1(l), block 102.)
* Operating hours per unit calendar time - '

1
i

® Downtime or availability constraints
*, Mobility requirements
’ * Self-sufficiency constrainte ’ ;
* Reaction time requirements
® Operational environment ’
26 (
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4. DEPLOYW®IT CONCEPT (See DN 1B2, SN 1(1), klock 103.)

Typical outputs of interxest:
° Numbe; and locations of cperational sites
* Number of opergtional systems per site
* Deployment schedule

5. ANALYZE ‘AINTAINABILITY AND MAINTENANCE REQUIREMENTS AND ESTABLISH
- CONSTRAINTS (See DN 1B2, SN 1(1), block 104.)

The ROC, as amplified in operational and deployment concept documents, repre-
sents the most fundamental statement of user need. A proper understanding and
assessment of this need is critical to all subsequent program events, includ-

ing those related { maintainability and maintenance planning.

During the Conceptual Phase, basic maintainability and maintenance constraints

P

are derived through analysis of the stated user need for inclusion in appro-

priate sections of the functional baseline descraption. These constraints are

typically both qualitative and quantitatave in nature, addressing such sub-

(
s ALY o)

A

A

jects as maintenance philosophy, allowable downtime, and skill level limita-

3
tions, ' &

%
Formulation of maintainability and maintenance-related constraants is not 4

necessarily a simple matter, since the usexr traditionally tends toward

describing his requirements in terms of the jo to be accomplashed rather
than in precise engineering language.

For example, assume that the ROC states, "Maintenance to be performed by the
user." To the maintainability enganeer charged with translation c¢£ thig n

into specification requirements, such a statement provides the basis for

oo emee v o ot S > —— T S—

further analysis. Questions such as the following become pertinent:
Wno is the user?

What maintenance AFSC's and skills Jdoes he currently posrfess?

In what environment does he normally operate and rerform maintenance?
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Answers to questions such as these -lend considerable insight into, the overall
.maintenance picture, and establish one segment of the foundation upon which
; specification constraints can be knowledgeabiy and fationally- bqséa. ‘A$ the
- first rule of thuib, the maintainability.analyst iust-strive to obtain com—

straints which he derives.

) patibxhty between the using support :;trtyu‘:ture‘ qnd’éﬁe dévelép‘(gentql con~
Secondly, maintainability and maintenance-related constraints must be fully
|

compatible with the operational mission for which the system ox item is being

¥ developed.

That a keen awareness and understanding of this mission is essential to, the

maintainability analyst cannot be overly stressed. l %
’ b
. { Again, a simple statement of need should prompt a number of questions by the i ht
- I maintainability analyst. Assume the stated ROC need is to provide highly i :if"
: reliable communications as part of the XYZ intercontinental communications ; gj
’ system. ’

o~
t
3 W W7

How "reliable" is the XYZ systen?
- How does the equipment fit into this system, and how available
N must it be to be compatible with the overall XYZ system perfommance

constraints?

’:5 This statement suggests questions such as:
|

What maintenance policies and procedures pertaining to the XYz

system must be considered as totally or partially applicable to

the equipment?

For purposes of illustration, assume a ROC for a multiplexer set similar to

et e et e e
5 .
oA 2w P hen s B A N e 132973 Eaa e 3 Pl

that described in DN 1Cl.Further assume that a thorough review of the needs
N set forth in this ROC has been completed, and the analysis prompted by this

n

review has established the following:
® The Multiplexer Set will be deployed worldwide.

! * Using organizations are technical control centers operating at

fixed and semimobile (trailer van) installations. Each installation

28 (\
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e/ will have five or fewer multiplexexs. Some installations (10 percent ,
f’ or less) operate unactended. Communication links processed by |
1 unattended .installations are noncritical. f
4/‘ ® The XYZ system requires a-'critical communications link availability i
of 0.99. )
* Each XY¥Z link is allocated an hour each month for downtime, enabling
preventive maintenance. This downtime 1s excluded from link avail-
ability requirements.
® Using units have appropriate AFsc's‘xn their maintenhance orxganizations,
but the vast majority of ckills are at the -3 level.
i ® Installations processing critical communications links are constantly
E attended, and have "running spares" sets and maintenance personnel
i ; immediately available.
* H ‘
f ; Based upon the above-listed information, we can begin the formulation of , 4
; 1 maintainability and maintenance-related constraints for inclusion in the | éﬁ
9 ‘ functional multiplexer baseline. %
4 d 4
2 g 5.1 Quantitative Constraints ; %
% Given that a critical XYZ communications link must be 0.9900 available, und the i E
5 ' multiplexer is but one portion of an overall lank, further investigation re-~ $
; } veals a total link as depicted by SN 5.1(1). To existing nonmultiplexer ele-
; 2 ments of this link are assigned availability constraints obtained from in=-
; dividual element specifications. i
3
? ! From the figure, we see that the nonmultiplexer link elements represent an
é i availability of 0.9901. Therafore, the multiplexer availability (x) must be: ;
: % (0.9901) (x) = 0.99 :
. ! x = 0,9999 :
: if the overall link availability of 0.99 is to be attained.
Next, conferring with persons familiar with designs similar to that envisioned
29
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-~
S v for ‘the multiplexer, it is determined that a complexity of approXimately 4000
S active electronic devices shouid be expected. The reliai)ility (R) analyst,

B Usingt this complexity estimate and’empirical failure rate ddta, detemmines
. that a multiplexer MTBF of 2200 hours.is reasonable'and attainable. He will'
; specify this value-as.part of his .constraints.

' We are now given & maltiplexer availability requirement of 0.9999, and an
MIBF ‘réquirement of "2200 hours. Using the expression
wet . MITBF
; A®
MTBF +'Mct

we can detexrmine that the ﬁct: required of the multiplexer is:

,
IS

e B

s e R

. 2200
0.9999 = 3200 + %

3 N X = 0.2 hour L

£ } . -4

;‘ The basit mean maintenance time constraint then becomes 0.2 hour, or 12.0 ;

s i minutes. !

k9 E !

¢ ™ As a rule of thumb, we know that a ratio of 1:3 exists between the mean and f

[ 3

2 maximun (95th percentile) of typical maintenance task time distributions. §';
i

?, Therefore, the maximum downtime (M at 95th percentile) for the multi- '/*:2

7 max ct [

;; plexer is (3) (12.0) = 36.0 minutes. 3

&

= We have also been given that the X¥Z gystem tolerates 1 hour per month for fz

;\ preventive maintenance downtime. The multiplexer need simply be compatible '

&

& with this environment.

Summarizing then, we can state that quantitative maintainability comstraints
applicable to the multiplexer are:

\ * Mean corrective maintenance time (ﬁct) shall not exceed 12.0 minutes.

E
e
&
i

* Maximum corrective maintenance time (M

ax ct) shall not exceed 36.0
minutes (95th percentile).

* Preventive maintenunce downtime shall not be required more fre-

quently than once each 30 days, and shall not exceed 1 hour
in duraticn.

oot N
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!

L

% &
% ! ;%3
,§ 5.2 Qualitative Constcaints . g
£

; fertain qualitative maintainability and maintenance-related constraints are é
3 applicable to essentially all developmental programs, and ours is no exception. %

Establishment of qualitative constraints requires that the analyst take a

comprehensive overview of the maintenance and support situation. Skill levels,
time constraints, and other factors must be considered in combination, as well
as singularly. Other nonmaintainability constraints must.alsc be examined for

their influence.

In the above i1llustration, we established an ﬁ;c constraint of 12.0 minutes.

Such a low value, combined with the expected multiplexer complexity, suggests

that some form of assistance should be provided for localizing and/or diagnos-~

ing detected faults. Further, by virtue of the skill levels available in the

O N RN P TORTING StCY 7 19

anticipated using units, maintenance must be as simple and straightforward

as possible. It follows, then, that repairs be accomplished by exchange of
subassemblies or modular entities rather than by exchange at the discrete
part level. (*

Another factor bearing upon fault isolaticn considerations is the reliabil~
ity consteaint. Although the multiplexer will operate continuously, the 2200-
hour MTBF constraint yields an average of only four failures.per year. Such a
low corrective maintenance frequency, with the attendant diffjculties in
maintaining maintenance proficiency, further dictates that the overall main-
tenance task be as simple as possible. Extensive procedural fault localiza-

tion and isolation routines must be avoided.

Although we are satisfied that some form of diagncstics aids will be required,
it should be recognized that any such aids have inherent limitations. For .
this reason, correction of certain failures will entail conventional trouble-

shooting processes. We should therefore also plan to asgist these processes .

by establishing a requirement or constraint addressing test points.

32




constraints can be established in a logical manner, based.upon a comprehensive
assesgment of the stated user need. It should be firmly recognized that the

R - T i i
* ! CHAP 1 -°MAINTAINABILITYPROGIAM INTRODUCTION DN. 1B3
a‘ 1;:"/,‘-3‘ SECT 1B ~ MAINTAINABILITY PRCGRAM 'DESCRIPTION % ;
:"!fi//"’* -~ I
v b
;r v ‘Baséd. upon -the above discussion, ,it’ should'be seen that certain qualitative : ?,;
N X constraints are rational; ldgicdl; and-nécéssary. For the multiplexér illus- 1 E::'
tration, they may be . summarized as. follows: . ! i,
§; x ¢ Provide ;nteg:;a'l q:’.agnoslticaids_l enabling corrective maintenance :é
f:" at the subassembly level.within -the specifiedimaintenance time: . ,,;
g constraints. A
ir * Required.maintenance tasks shall be within the-capabilities of , gl
* -appropriately trained personnel of -3 skill levels. ! ":
N ® To the greatest extent. possible,. requirements.for charts, tabular » ;
:‘: listings, .and technical publications in support of malfunction { 1
,;‘%‘ isolation tasks shall be avoided. E %
'S',s * Readily accessible test points shall be provided within the multi- i ;
:;:\ ; plexer for purposes of assisting in the isolation of faults.not , \
" ‘ treated by integral diagnostic aids. : %
é’;’ ' In the preceding discussions of-guantitative and qualitative maintainability ! S,
i%n ™ and maintenance-related constraints, we should see that the neccssity for such :
\

thoroughness and validity of this constraint derivation an the Conceptual
Phase is of vital importance, since all subsequent development activities are !
based upon these constraints. The sbjective should always be one of properly
expressing the veer's need. Understatement will result in failure to obtain

expected performance, and overstatement will result in added cost and com-

plexity. |

6. PREPARATION OF SPECIFICATION INPUTS (See DN 182, SN 1(1), block 105.)

Maintainability and maintenance-~related constraints derived from analysis of i
the stated user need must be included in the Functional Baseline description.

This description takes the form of a System Specification, to which subsequent :

development efforts are addressed.
33 g
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The System Specification 1s prepared in a prescribed format, as established

by governing cenfiguration data management procedures.,

In the 1ntroductory portions of the specification, a brief summary of the

overall operational and support mission is included. Such a sumnary should
provade ‘the contractor(s) with a general understanding of both the aintended
utilization for the item beang developed, and the environment ih which this
utilization will be accomplished. A dzschsszon of basic maintenance philos-

ophy should be included, together with appropriate notations of those support-

related requirements which are of particular importance. Because develop~
mental specifications leave a considerable degree of latitude as to the actual

configuration the item will assume, making the contractor aware of any particu-

larly desirable characteristics will allow him to orien® his design to theixr

satisfaction.

Another portion of the specification is reserved for expressing specific per~

{
| 4
.
g
n
|
{

S S

formance canstraints, and relates item form, fit, and function requirements ain

precise cngineering detail. It is in the segment of the specification that the

-

maintairability and maintenance-related constraints derived from the user's need
statement axe expressed. These constraints are typically of both gqualitative

and quantitative kinds.

finally, the System Specification provides a section addressing the methods
and criteria by which the degree of satisfaction of specified jerformance
requirements can be assessed. In the case of maintainability, a formalized

demonstration is typically required.

In summary, the preparation of specification inputs provides the vehicle by
which support-related information and constraints are documented in prepara-

tion for subsequent validation and development activities.
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7. SECRETARY OF DEFENSE (SECDEF) APFROVES DEVELOPMENT CONCEPT PAPER (DCP)
. {(See DN 1B2, SN 1(1), blocks 106 and 202.)

The SECDEF approves and signs the DCP and provides comments and guidance for
the next phase. The signed DCP completes the program decision, and the pro-
gram is funded and directed *o proceed to the Validation Phase.

8. FUNCTIONAL BASELINE (See DN 1B2, SN 1(1), block 107.)

The functional baseline (program requirements baseline) 1s established by the
end of the Conceptual Phase. It includes broad system performance objectives,
an operational concept, a logistics and maintenance concept, and cost estimates.
The system specification defines the technical portion of the program require=-
ments baseline. The Air Force and the OSD use this anformation to evaluate

the proposed program and to compare it with competing programs. After review

and approval, this baseline is the basis for the Validation Phase.

9. PROGRAM MANAGEMENT PLAN (PMP) (See DN 1B2, SN 1(1), block 202.)

If not directed to be submitted at an earlier point in time, the PM prepares,
approves, and issues the PMP as soon as possible after program approval to
proceed with development. The PMP should be in consonance with program
direction (PMD, AFSC Form 56, and any AFSC intermediate command supplementary
direction). Even though the PM is responsible for the overall preparation

and issuance, the PMP usually requires considerable cooperation and coordi-
nation efforts with other majur commands such as the.Air Force Logistics Com=-
mard, Air Training Command, and the operating command. The cocrdination should
be completed prior to approval of the PMP. The PMP is the singular program man-
agement baseline document and will be used by participating agencies and higher
level decision authorities. Hence, it must be kept current to reflect the
approved program and plans fcr any follow-on unapproved phases. (See AFR
800-2/AFSC Sup 1 for basic PMP requirements, and attachments 4 and S for guid-
ance/information regarding preparation of PMP's.) '
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10. APPROVED DCP (See DN 1B2, SN 1(1), block 203.). Poa g
% Approval of the DCP co;stxtuces the racification: decision; This decision de- i“. g
£ ‘pends upon confirmation-of the-technical, financial, and schedule constraints. v é
? As a'result of the-Validation Phase, the.Air Force will make recommendztions 1 E
% regarding further program deyelopment activity. ; E
2 : 3
% 11. ALLOCATED BASELINE (Sec DN 1B2, SN.1(1), block 291.) ¥
%’ The allocated baseline (design requirements baseline) is established during 1‘ ~?
Ef the vValidation Phase. It incorporates-the -technological approgphes developed % E
¢ by- contractors to satisfy the objectives in the functional baseline (program % ;f
requiremsnts baseline). Diring the Validation-Phase, these objectives are } E
trangclated into system segmeént, subsystem, and configuration item (CI) per- l g
l formance requirements and design constraints. Cost targets and schedules for é
carrying out each part of the-program are included. The allocated baseline is i
the basis for detailed design and development of the system by the contractor ‘J H
during the Full-Scale Development Phase (AFSCP 375-1). L”: f
12. APFROVED DCP (See DN 1B2, SN 1(1), block 301.) ‘ .
i
The approval of the DCP constitutes the production decision. This decision, H

made by the SECDEF after consultation with the Defense System Acquisition

Review Council (DSARC), deterndnes whether to produce the system for opera-
tional use, defines the initial quantity to be produced, and approves plans ,
for future production. Sufficient testing should hgve demonstrated that i

engineering design for performance is completed. In addition, production

et s i e o p———

engineering must be essentially completed and production capability confirmed

to the extent practical. The engineering desagn should be analyzed by pro-

duction engineers to ensure production compatibility and capability.
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13, PHYSICAL CONFIGURATION AUDIT (PCA) (See DN 1B2, SN 1(1), block 491.)

The PCA is a formal audit which compares Part II Detail (Product Fabrication)
Speqificatiohs and accompanying drawings with the hgrdware produced. The
product of the PCA is formal PM'acceptancé of the Part II Detail (Product
Fabrication) Specifications as audited and approved documents which satisfy
a contractual obligation. PCA is a prerequisite to configuration item accep-
tance.

14. PROGRAM DOCUMENTATION UPDATED (See DN 1B2, SN 1(1), block 492.)

The product baseline should be as complete as possible for the production
contract RFP, even though upaating wiil continue until the PCA. The Part IX
Detail (Product Fabrication) Specifications and reference drawings for hard-
ware and real property facilities should be nearing completion. These speci-
fications represent the product of preliminary design, detail design, Category
I testing, and verification reviews. The product configuration baseline
represents the integrated design solution :enexated by the acquisition pro-
cess. Part IX Detail (Product Fabrication) Specifications can be used for
fabrication, production, construction, PCA, and hardware acceptance and re-

procurement.

15. PRODUCT BASELINE (See DN 1B2, SN 1(1), block 492.)

Successful completion of cthe PCA establishes an approved product configura-~
tion baseline for the CI and marks the begisuing of formal engineering change
control for Class I design changes.

16. CATEGORY I TEST START (See DN 1B2, SN 1(1), block 290.)

Recent AFSC studies have espoused strongexr Air Force control and participa-
tion in Category I testing, Test center responsibilities during these tests
include assumpticn of early planning for new programs with active participa-
tion in development of test plans. The responsible test organization (RTO)
should he involved in the contractor's test activities to observe test pro-

cedures, review results, and assure continuity.

37
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The hardware to be tested is noxmally produced by other than production methcis
and probably in a prototype form. The testing performed at this point should-
[ be accomplished to check the design to see that it is functional. Complete

qualification testing is not normally done at this time.

Subsystem development, test, and evaluation begin 'n the Validation Phase.
The testing aids in redesign, refinement, and reevaluation. The Air Force
) actively participates in, evaluates, and controls Category I testing; how-
l ever, the test is conducted predominantly by the contractor, who is under
the PO's direction and control (AFR 80-14). The Categoxy II test plan will
be initiated during thic phase.

17. CATEGORY II TEST PLAN AND START (See DN 1B2, SN 1(1j, blocks 292 and 395.)

The Categoxy II test plan was initially prepared by the AFSC test center and
the PM during tae Validation Phase. The Air Force should revise and expand
the plan based n the latest information and prepare procedures that the Air
Force, with contractor participation, can use in conducting Category II tests.
Procedures should implement Section 4 of the System Specification and the
Part I Detail Specifications. Emphasis should be placed on integrated eval-
uation of all system segments required to accomplis the mission, Individual

system end items oxr CI's critical to overall system performance should be

monitored to assure that outstanding techaical problems noted during earlier
tests and evaluations have been resolved. The Air Foxce should control this
testing and evaluate the results. Contractor prepared test plans, data, and
test results should be reviewed and approved by AFSC test agencies and the

PM. Procedural) changes should be approved by the Aix Force represeniative on

the scene. Emphasis should be placed on integrated evaluation of all systems
required to accomplish the mission in the projected environment which the

system will be subject to during operations. All system end items or CI

38




N CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN 1B3
- SECT 1B = MAINTAINABILITY PROGRAM DESCRIPTION

;esting should be -monitored- to assure that requirements are:being met and
that outstanding tgchﬂical“ptoblemg.noted duraing earlier tests and evaluations

have been:satisfactorily resolved. !

18. CATEGORY I AND CATEGORY II TEST (See DN 1B2, SN 1(1), blocks 490 and 494.)

Tests as described in the Full-Scale Development Phase are continusd during
the Production Phase. System elements are integrated intc a complete system

in as near an operational contiguration as possible. <Category.ll testing is

‘1, not complete until system performance requirements are met. A qualification |
statement as reguired by AFSCR/AFLCR 80-16 will be wratten at the end of the
tests. ;

Procedural publications (preliminary manuals) may be used and simultaneously

verified in Categoxy II tests,

19, CATEGORY III TEST (See EN 1B2, SN 1(1), blocks 493 and 590.)

|

H

- _ j

g ‘ The using command conducts Category III tests with the approved plans and :
! ‘ procedures. Operational testing and evaluation (OT&E) of the production ,
2 i items should be conducted on the early production models to detect and cor- ;

rect unacceptable deficiencies at the earliest opportunity. These tests are

conducted under actual or sinulated operaticnal conditions.

The using ~ormmand establishes requirements for Category III +-sting and pre-

R e ek

pares the plans and procedures for implementing the requirements. Category
III test requirxements include an assessment nof system operational capabilities,
development of tactics and procedures, and cvaluation of the logistic system
training and procedural puklice*icma in an operational e:{:j.:?’m:}ent (A°R 80-14).

i3

Although testing begins in the Production Pnase, vae-,. - U 'ng

it e e Y AT e e e

nmust be initiated soon after the beginning of Category II testing in tne 7Fuas

Scale Development Phase,
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FB AT YR

Category III testing uses a configuration jointly agreed upon by the using
commands, AFSC, and AFIC. Testing mav be cenducted at the veing command,

AFSC, or some other designated installation. Engineering support-will. be

provided by AFSC and AFLC,
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DESIGN NOTE 1B4 « MAINTALINABLLITY 'TAYK DESCRIDYION

1. .MAINTAINABILITY PROGRAM PLAN (See DN 1B2, SN 1 (1), block 211.)

In the proposal, a contractor should describe how he plans to develop and
conduct the maintainability program to meet the requirements of the RFP and
the tasks idéntified in chabéers 3 through 17 of this notebook. The amount
of detail submitted may vary depending on the program phase. These poxtions
of the Maintainability Program Plan, specifically identified and mutually
agreed upon by the contractor and the procuring activity, should become part

of the contract. A detailed description and example of these program plans
are included in Chapter 3.

2. MAINTAINABILITY ALLOCATIONS (See DN 1B2, SN 1 (1), block 212.)

The quantitative mean corrective time for the system is allocated down to the

subsystem, assembly, or subassembly level in compliance with the established
maintenance concept.

Allocated maintainability is based upon the predicted

failure rates. A detailed description and example of maintainability of

allocation are included in Chapter 5.

ok

VW-MW”W
o

3. DESIGN REVIEWS (See DN 1B2, SN 1 (1), blocks 213, 317, and 322.)

Design reviews are conducted throughout the product design cycle, in accordance
with contract requirements, as an integral part of the contractor's system
engineering review and evaluation program. The reviews are conducted so that
particular aspects of the work or the entire system can be reviewed by a
Design Review Board, an cbjective group of program personnel, and specialists

in the particular field, Maintazinability is represented by a board member.

?
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}

Some major design review monitoring points are detailed below.

3.1 Design Concept Review (See DN 1B2, SN 1 (1), block 273.) .

There should be an overall system concept to ascertain that the elements of
the system are assigned the necessary and proper functions which will satisfy
the réquired characteristics. Further, there should be a concept review of
each system element to ascertain that its design will perform the assigned

functions in the best possible manner.
3.2 Preliminary Design Review (Sce DN 1B2, SN 1 (1), block 317.)

At this point, the initial system design is nearly complete and many component

parts and assemblies will have undergone some development testing. Some of

reliability, maintainability, safety of personnel, appearance and human

i
'
!
the factors to be considered at this review are adherence to specifications, ‘
engineering factors, economy of manufacture, environmental adequacy, and i

compatibility.

3.3 Critical Design Review (See DN 1B2, SN 1 (1), block 322.) ('

At this point, the production design of the system is essentially complete and '
the system 1s considered rrady for production. This review should place spec- |
ial emphasis on attainment of minimum life cycle cost for the system. A de-

tarled description and example of design reviews are included in Chapter 4.

7

!
|
4. MAINIAINABILITY REPORTS (See DN 1B2, SN 1 (1), block 21/ ; ‘
For proper monitoring of the contractor's maintainak ...ty program effort, H
maintainability status reports are require? . zatervals detexmined by the

procuring activity. The same type ¢£ status information required by the

procuring activity is needed also by the contractor for successful maintain-

ability program managament. These reports may be combined. with othes system

program status documentation, provided all maintainability information is

42
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DN .1B4
SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION ’

summarized in a.separate sectinn and all supporting information is crosse

refegenéeé. The status report should provide a current accounting of required,

allccated, predicted, and observed maintainability values for the system or
equipment and its constituent elements.

et e b 4 7o e At S A A P 1 )

BB YLD

and the procuring activity's maintainabilaty monitor, and should be treated in
that light.

Further, it should give a narrative
and graphical treatment of trends, problems encountered ox anticipated, and N Z
action taken or proposed. The status report will-be a key source of official ¢ 5%
information and communication between the contractor’'s maintainability oroup P E
s s
)

A detailed description and examples are included in Chapter 6.

tercen, 1

ot~ TPRRAN man 5 b AT Y ST B

5. TRADE-OFFS (See DN 1B2, SN 1 (1), blocks 215 and 312.)

puring the system development, in order to achieve optimum operational capa-
bility at the minimum life cycle cost, it is necessary tc make design and

support concept trade-offs. The maintainability organization should ke an

integral part of the design trade-off decision and should, whenever main-

tainability requirements or principles are compromised, document and justify

the change or make recommendations for altemative design changes which do

not compromise maintainability and maintenance support. A detailed descrip-

tron and example of design Trade-offs are included an Chapter 7.

LY

6. SPECIAL MAINTAINABILITY ANALYSIS (See DN 1B2, SN 1 (1) blocks 216 and 313.)

Maintainability Analysis should be performed on all design concepts, drawings,
and hardware items.

N b PP  E T

Tie analysis is a continuing process that begins in the
Validation Phase and continues throughout the prograrm,

The procedures for
such an analysis vary with the complexity of the equipment, intended use,

and the degree of design available. A design evaluation is performed on each

§ g emAR. 2% T

concept, drawing, and engineering model to record the pertinent facts related
to maintainability of the system.

e

The analysis is used as a comwon basis for

43 )
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evaluating the degree of achievement of the maintainubility design goals,

thldéfing-the logistic and personnel subsystem implications, and evaluating

system;¢andidates in-relation to the operational requirements and maintenance
constraints. This analysis is performed prior to conducting trade-offs re-
latéd to program life cycle cost to verify that each candidate satisfies the
operational requirements and maintenance/maintainability constraints. A de-
tailed description and example of special maintainability analysis are in-
cluded in Chapter 8.

7. MAINTAINABILITY MODELING (See DN 1B2, SN 1 {1), blocks 217 and 316.)

To implement and update the maintainability model, the system contractors
should use a mathematical model as an aid to allocating and predicting main-
tainability parameters, making design and support concept trade-offs, and
assessing the progress of the maintainability program. The complexity of the
model will necessarily vary according to the complexity of the equipment being
procured. Fox very simple items, the model may be structured so that all in-
puts, computations, and parametex changes are accomplished manually, Complex
systems may require a totally computerized model. In any event, the model
must allow data to be input at the lowest functional level at which the data
is available and provide outputs at each higher indenture. Initially, main-

‘tajnability estimates or allocations may only be possible at high equipment

indentures. As designs become finalized and testing proceeds, lower inden-
ture information will become available. The model must be readily adaptable
to make use of the more detailed information. The requirements may be in-
coxporated into a higher level system effectiveness or logistic support model
or used. to develop a separate maintainability model. In the latter instance,
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CHAP 1 = MAINTAINABILITY PROGRAM INTRODUCTION DN .1B4
SECT 13 - MAINTAINABILITY PROGRAM DESCRIPTION

or if no other mathematical model is required by this contract, the contrxac-
tor should ensure that interfaces between his maintainability organization
and other activities will include automatic exchange and use of all data
which affects the development efforts of others.

To the contractor, the primary value of this model will be related to his, pro-

gress in.achieving specific contractual requirements. The customer will, in

addition, be interested in the expected system or equipment maintenance re-

quired during actual operational use. Although contractual values should be

based on operational requirements, the two may not be exactly equal because
of such factors as cannibalization, administrative maintenance delays, main-

tenance charged to unconfirmed failures, or later changes in the intended

operational environment. Therefore, the model should provide visibility of

both the contractual obligations and the expected operational performance and

must have flexibility to allow changes in the operational parameters. A de-

tailed description and example of the maintainability modeling are included
in Chapter 9.

8. MAINTENANCE CONCEPT {See DN 1B2, SN 1 (1), block 219.)

The maintenance concept is developed in conjunction with the design concept,
both of which are based on the maintainability analysis of the mission and

operational requirements and the maintainability and maintenance constraints

established in the contract, The results of repetitive maintainability

analysis will yield a system which demonstrates maximum avilability per dol-
lar cost and which may reflect drastic

changes in the preliminary concept or
plan,

A detailed descripticn and example of the maintenance concept are in-
cluded in Chapter 10.

9. GOVERNMENT FURNISHED EQUIPMENT INTEGRATION (See DN 1B2, SN 1 (1) .
block 221.)

When items other than system/equipment contractor's ’.ems are inteqrated in-
to the system, such as government furnished equipment (GFE) or associate cone
f

tractor supplied equipment, the contractor should request maintainability

45
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CHAP 1 = MAINTAINABILITY PROGRAM INTRODUCTION DN 1B4
SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION

parameter values from the précuring agency and should use these values in
éhe maintainability analysis to arrive at the maintainability values to be
entered in the contract specifications. If these maintainability values are
unavailable or unknown, the contractor should estimate the maintainability

paraneter values.

In 1n£eg}atipg this equipment into a new system, an  <.5 should be performed
to make the most cost effective decisions regarding it~ support. 1In this
analysis, candidates such as providing maintenance in aa already established
facility or acquiring the resources to support it with'the rest of the sys-

tem should be considered.

10, MAINTAINABILITY DESIGN CRITERIA AND SPECIFICATION INPUTS (See DN 1B2,
SN 1(1), block 222.)

The preliminary guidelines and criteria shall be periodically updated based
upon results of maintainability analysis until such time as %he detailed

specifications are prepared.

The primary guideliné for the maintainability engineer in the development cf
specrfication is as follows: If a qualitative or quantitative goal is re-
quired and 1f it can be tested or verified, then the goal must be stated in
the specification. In the evolut.on of specifications from a goal, the word-
ing must also reflect the definitive nature of the requirement. All effort
must be extended to eliminate the use of such vague wording as minimize,
maximize, etc. A detailed description and example of design criteria and

specifications inpute are included in Chapter 12.

11, MAINTAINABILITY PREDICTIONS (See 1B2, SN 1 (1), blocks 315 and 319.)
The maintainability prediction 1s an estimate of the adequacy of the pro-

posed design to meet the maintainability time requirements and a method to

46
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- :
z s identify design features requiring corrective action. Predictions are con-

ducted throughout the early phases and continuously updated as design changes
are made through maturity of the system. A detailed description.and example

for predictions are included in Chapter 13.

12, MAINTAINABILITY DESIGN AUDIT (See 1B2, SN 1 (1), block 318.)

By

Maintainability engineers assigned to the maintainability organization (con-

tractor) establish and maintain daily contact with applicable groups (systems,

design, reliability, packaging, etc.). This liaison ensures that all pro-

BT, R, S el B ARG S O o N

&

ject functions are aware of and react to maintainabilaty requirements. This '

Ze

continuous audit also ensures that maintalnabilaity is current on all techni-

Z2as

cal and planning areas so that a compatiple program is in effect. A detarled

4 description of maintainability design audit :is included in Chapter 14.
3

4

5

; 13. MAINTAINABILITY DEMONSTRATION (See DN 182, SN 1 (1) block 321.)

The maintainability effort that is conducted throughout the program should
. yield, with some high degree ot confidence, compl.ance with the system
specified quantitative and qualitative requirements. This assurance has been !
developed through the analyses, predictions, and reviews performed duriny the
program. The formal demonstration of compliance with these requirements

should be conducted by the contractor and ronitored by the procuring agency.

Failure to meet the requirements may result in corrective action (i.e., de-
sign changes), loss of incentive fees, or possible cessation of the program,

depending on the severity of the impact on the system effectiveness. A de-

2

RS sl

tairled description and example of maintainability demonstration are included
in Chapters 15 and 16.

Py
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCIYON DN 1B4
SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION '

14. MAINTAINABILITY DATA COLLECTION, ANALYSIS, AND CORRECTIVE ACTION -(See
DN 1B2,.SN 1(1), klock 320.)

Throughout the program, information and data pertineat to the maintainabality
and supportabiiity parameters shall be collected and analyzed, and action

N

wnitiated as applicable: Conflict of maintainability recommendations with

R

other design parameters shall be arbitrated at design reviews for satisfactory

e

compliance with system requrrements.

The contractor shall establish a data collection system tairlored to the

Y specific requirements-of the program contract for prediction during design

and then documentation of demonstration results.

-

N ' Further collection and assessment of reliable maintainability performance

data are essential to the development of maintainability requirements for

new systems. A data collection system should be capable of app.ication

!
N ‘ throughout the life cycle of a new system and should be capable of accepting
i
< data from existing and/or proposed data systems in use by the government,
o
i | The maintainability organization (contractor) shall assuze that problems af-
::_' ! fecting the meintainability of system/equipment shall have corrective action
* | responsibility assigned and shall follow up for timely resolution of such |
;, , problems. A detailed description and example of data collection and correc- !
: tive action are included in Chapter 17. I
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CHAP 1 - MAINTAINABILITY PROGRAM INTRODUCTION DN iBS
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DESIGN NOTE 1BS COST OF MAINTAINABILITY TASKS

1. COST ESTIMATORS

The cost estimators developed in this section are intended for use in pricing
the conduct of the maintainability program on a task-by-task basis, with the
common denominator for the measurement of the conduct of maintainability tasks
being man-hours. (For a detailed description of each task, refer to DN 1B4.)
Since the systems considered are primarily ground electronics systems, the
man-hours for each task are plotted against the quantity of printed circuat
cards and/or modules contained therein (these being an indication of hardware
complexity), with a mean IC density of 22. The exceptions to this are GFE

integration, whereby the quantities of GFE items integrated are plotted against

the man-hours required to do so, and demonstration cornduct and demonstration

5

1 reports, whereby the number of samples demonstrated is related to man-hours. %
" T 4
N f The relationships depicted by SN 1 (1) through SN 1 (16) result from data E
; ' collected on 17 programs, which represent a cross-section of cormunications, gﬁ
] ~ computer, guidance, radar, tracking, and telemetry systems. The information ﬁ
g depicted by each plot was derived by linear regression analysis, with the ex- %

o

ception of GFE integration, SN 1 (9), which, because of limited sample size,

is a plot of the arithmetic means of the dependent and independant variable.

o

L e a —

Of the points plotted, 68 percent fall within the limits deprcted by +1 sagma
(6). The wide variation in some of these "street widths" can be accounted
for by differences in customers and their requirements, the wide variety of
the systems analyzed, differences in card complexities, and the wide dif=-
ferences in the lengths of the acquisition phases of the various programs. ‘

The plots are additionally useful in that, once having determined a program’s

TR e e N saTa T E e Ave e

relative position within the street, the slope of the curve is valid for any
variation in system complexity, whether brought about by change in program ’

philosnphy, engineering growth, or revisions to maintenance philosophy.

SN 1 (17) and SN 1 (18) are recapitulations of the man-hours requirsd for
conducting a complete maintainability program (with the exception of GFE

i
:
3
i
)
%
}
2
/‘r
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CHAP .1 ~ MAINTAINABILITY PROGRAM INTRODUCTION' - by iBs
SECT 1B ~ MAINTATNABILITY. PROGRAM INTRODUCTION DESCRIPTION- )

DESIGN-NOTE 1B5 . COST OF MAINTATNABILITY TASKS

integration) in terms of cards/modules and sample., -reéspectively, and are
merely the arithmetic sums of the individual-task coordindtes. To arrive at
the cost of a complete program which, for example, has a.card.density of 109,
and a-dezonstration sample sizZe of 30; éhe'esgjﬁator merely needs tonind the
corresponding-values of-man-hours in SN:1 (17) and-Sh 1 (18) and add them. In
the example stated, thé man-hours required for performing all ‘tasks but-de-
monstration conduct and repdrt are 3,629; -and the man-hours required to condudt
and report on a demonstration-of 30 samples-are 399. The total of 4,028 e-
presents the man-hours fequired to perform all of the maintainability fﬁﬁctiod§
described in SN 1 (1) through SN 1 (8) and SN 1 (10) through.SN 1 (16). If
GFE items are to-be integrated into the tactical system (SN 1 {9]), the man-

hours required to effect this must also be considered.

Recognizing the fact-that the accuracy of the curves is something less than
100 percent, dué primarily to a limited, finite sample size of the data col-
lected, the results, nevertheless, are usable to the extent that they serve

as a point of departure in the early program phases. As more and increasingly
accurate data becomes available, the curves can be further refined, and, if

to the estimator's advantage, reformatted. Future updates of this document
will incorporate any additional data provided to the RADC office. Any com-
ments or data furnished in this regard will be appreciated.
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SECT 1B - MAINTAINABILITY PROGRAM INTRODUCTION DESCRIPTION
SUB=NOTE 1(1) Program Plan!
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§U -NOTE 1(12) Design Audxq
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CHAP 1 - MAINTAINABILITY PROGRAM-INTRODUCTION DN 1B6
SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION

DESIGN NOTE 1B6 MAINTAINABILITY RELATED SUPPORYT FUNCIIONS
1. MAINTENANCE ANALYSIS (Seec DN 1B2, SN 1 (1), block 340.)
1.1 General

Maintenance analysis is a function by which maintenance requirements are pro-
jected, aralyzed, and defined to ensure that all aspects of integrated
logistic support ave consicered throughout the life cycle. This functional
process begins with data acuumulated fiom the maintainability analysas
activities and design requirements developed during the Conceptual and
Validation Phases. The maintenance analysis activities influence the for-

mulation and the acquisition of xequired logistic xesources.

The procuring activity usually provides a broad maintenance philosophy that
the contractor will develop in detail. (See Chaptur 10 for furtherx direction
in determining an appropriate maintenance concept.) The maintenance concept
is the product of the initial maintainubility design effort. As hardware s
better defined, and the total analysis effort encompasses additional re-
sources of maintenance {skills, tasks, number of personnel, tools, facilities),

the contractor will evolve a detailed maintenance plan for the system.

The maintenance concept, the maintainability analysis, and the detailed
maintenance plan are all highly intexdependent efforts. Therefore, if the
effort is divided, with different groups responsible for particular segments,

close cooperation, gcod communication, and interchange of data are imperative.
1.2 Logistic Resources

The maintenance analysis 15 conducted to consider the following specific

resources:
1.2.1 Equipment Publications (T.0.) (See DN 1B2, SN 1 (1), block 341.)

Equipment publication requirements are determined during the maintenance
analysis. These requirements are based on the maintenance concept and on

guidance provaded by the customer. In addition, the customer directs how the
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SECT 1B - MAINTAINABILITY PROGRAM.DESCRIPTION

technical data developed by the contractor is interfaced with data on cus-
tomer-furnished materiel. Source data gathered in the maintenance analysis
_is useful in determining detailed technical requirements for narrative
material in the technical publications. Compatibility with actual equipment

is the objective, regardless of the source of initial information.
1.2.2 Spares (See DN 1B2, sN 1 (1), block 34z.)

Maintenance analysis data provades the basic technical data required for pro-
vigioning. When preparing provisioning requirements, it should be recognized
that much provisioning data has been generated by previous activity and 1s
included in the maintenance analysis data. The analysis data determines the
repair parts selection, allocation, direct exchange, and maintenance float
requirements. These inputs are used to determine provisioning requirements

and develop provisioning and proc wement recommendations.
1.2.3 Facilities (See DN 1B2, SN 1 (1), block 344.)

The maintenance performed at each category of maintenance is analyzed to

determine reguirements and criteria for special maintenance facilities, such
as electrical-electronic shop, structures shop, calibration shop, and other
work, test, or tuneup aceas peculrar to the system. These requirements are
identified in the Validation Phase as a result of the maintainability analysis.
Duraing the Full-Scale Development Phase, definitive requirements are devel-

oped and those requirements for new or modified facilities are acted upon.
1.2.4 Personnel and Training (See DN 1B2, SN 1 (1), blocks 345 and 343.)

The maintenance analysis provides the basic input data for the QQPRI effoxt

at each level of maintenance.
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CHAP'1 - MAINTAINABILITY. PROGRAHrINTRODUCTION DN. 1B5
SECT 1B - MAINTAINABILITY PROGRAM DESCRIPTION

1.2.5 Support Equipment (AGE) (See DN 1B2, SN 1 (1), block 346.)

Maintenance engipeering'analysis evaluates- the support, test, measurement,
and -diagnostic equipment ané’calibration requirements. Based on the analysas
of the system requiremerts and the resultant trade-offs, the support equip-

ment requirements are determined. ‘.
1.2.6 Transportation (See DN 1B2, SN 1 (1), block 347.)

Transportation requirements arxe considered and design changes evaluated tc
eliminate special requirements such as special escort requirements for safety,
security, storage, and. handling. Transportation costs are considered in
alternate design trade-offs.

1.2.7 cCal:bration Requiremesnts Summaxy (See DN 1B2, SN 1 (1), block 348.)

Calibration requirements are identified for AGE, operational equipment, and
training equipment. Costs of calibration requirements are included in the

design trade-off analysis. !
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DESIGN NOTE 1B7 MAINTAINABILITY RELATED SYSTEM DESIGN DATA

1. DESCRIPTION

At the beginning of the valadation Phase, the functional baseline must be
transformed i1nto a system hardware baseline by the systems engineering
function. The first step is to define the breakout of end items which sat-
1sfy the functional baseline requirements and then describe each end item
in terms of the following dimensions to serve as a starting point for the
conduct of the maintainability program tasks:

a. Type - Digital versus analog, computer versus communications, etc.

b. Complexity - Both the .ardware and functional complexity data is re-
quired.

¢c. Accuracy - In the case of analog systems, input-output transfer function
accuracy (tolerance) requirements must be given. For digital systems, this
relates to the number of bits per word.

d. Environment - The operational envaronment must be determined and ex-
pressed in terms of climatic and shock and vibration dimensions.

e. Reliabilaty - Predictions of operating, nonoperating, and normalized

failure rates are required.

All the above data is continually updated through a constant iteration pro-
cess by all disciplines until completion of design at the end of the Full-

Scale Development Phase.
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SAMPLE SYSTEM

l This section contains a description of the Multiplexer Set. This sygtem
will be used in suisequent chapters to illustrate the guidelines, meth-

odology, and procedurec described in this notebock.
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2 SECTION iC SAMPLE SYSTEM
2 DESIGN NOTE 1C1 - THL MULTIPLEYER SET
) 1. EQUIPMENT DISCRIPTION
1.1 General
1.2 Operating Functions
) 2. OPERATING CHARACTERISTICS
2.1 General
2.2 Multiplexerxr
b
2.3 Demultiplexer
2.4 Configuration
3. DESIGN CHARACTERISTICS
3 (1) Multaplexexr Set Printed Circurt Cards
4. MULTIPLEXER SET DEPLOYMENT
5. MULTYPLEXER SET REQUIREMENTS OUTLINE

5 (1) Requirements Specification
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DESIoN NOTE 1C1 . THE MULTIPLEXER SET =

1. EQUIPMENT DESCRIPTION

1

. The Multiplexer Set is an Air Force development item and will be ;-
referred to throughcut thas notebook to present examples of some of the

maintainability tasks.

1.1 General

kel

The Multiplexer Set 1s applied in a defense communications system fos
combining digital channels into a single, time-division multiplexed, digital
data signal. The first application of the Multiplexer Set is expected to be

1n a satellice cormunications system. Satellite access and short haul high

S

density applicaticns also wall involve TDM transmission cver wideband

SRR

1,

b

ground links. The wide variety of data which must be accommodated to ser-

-
SEL

vice the many DCS users properly results in a wide range of the number of

channel inputs to a multiplexexr; 1t further requires the capability to

cascade multiplexer sets to reach high rates for efficient link loading.

1.2 Operating Functions

The Multiplexer Set provides asynchronous time division mul%iplexang

(ATDM) and demult.plexing capabilities. The multiplexer port.on accepts
various lower rate digital input streams and interleaves them into a sangle
higher digital stream The de/wltiplexer portion accepts a high-syeed dagatal
stream, with associated timing, and disassembles it intc a number of lower

rate digital streams. The multiplexer set provades full duplex operatica,

performing indepeadently and simultaneously the multiplexer and demultiplexer
functions.

An integral part of the multiplexer set is the diagnostic capabilities inte-
grated into the equipment. These capabilities are basically divided into two

functions* an on-line function whach autonmatically isclates a rmalfunction
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during:equipment operation-and :ndicates on the equipment front panels thec
location of the failed card or module, and a self-test function whach 1s
. manually operated and isolates a malfunction ia the diagnostic harcware and

andicates on the equipment front panels the location of the failure.

2. OPERATING CHARACTERISTICS
2.1 General

The multiplexer set has provisions for operation with different types of in-

put data. It wall operate at varying rates, depending upon the number of

channels used, the input data rates, and the configuration of port strapping
and internal timing selection used by the operator. The types of data that

can be input to the multiplexer are data with associated timing at preferred

rates, data with associated timing at nonpreferred rates, and data without

timing at preferred rates.

The data and timing xates for the multiplexer and demultiplexer are de-

scrabed below.

2.2 Multiplexer

a. Input Data Rates - 75 bits per second to 3.0 x 106 bits per second.

Rate deviation not to exceed + 250 parts in 106 of assigned nominal.

b. Output Data Rates - 155 bits per second to lO7 kits per second. Rate
deviation not to exceed one part in 106 of assigned nominal.

c. Reference Timing - 155 bats per second to 107 bits per second, adjustable

to one part in 107 of assigned nominal.

2.3 Demultiplexer
a. Input Data Rates - Same as multiplexer output rates.
b. OCutput Data Rates - Same as multiplexer input rates.

c. Internal Taming - Derived from input data stream.
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2.4 Configuration

Since varied input data rates can be applied simultaneously to different in-
put channels, the equipment is provided with port Strapping and internal tim-
ing rate selection-capabilities. This allows for selection of the proper con-

figuration whicn will provide the greatest efficiency of operation.

3. DESIGN CHARACTERISTICS

The multiplexer set is housed in two dip-brazed aluminum drawers, one for

the multiplexer and another for the demultiplexer. Each measures approximately
26-~7/32 inches high for a total height of 52-7/16 inches. The 17-1/4-inch
width makes the equipment suitable for standard 19-inch relay rack mounting.
Chassas slides are mounted on each side of the drawers. When the drawers are

extended, they may e tilted 145° and #90°.

Frequently used contrxols and indicators are mounted on a front panel. Wires
from the front panel components are routed to the internal electronics through

ccanectors which are mounted in a secondary panel directly behind the front
panel.

Electronic circuits are largely comprised of .ntegrated circuit devices and
are mounted on edge~-loaded cards which plug into a common wirang plane. A
total of 31 card types are used in the multiplexer set. Of these types, nine
are common to both the multiplexer and demultiplexer units. SN 3(l) is a
listing of card types by name and unit application,

The multiplexer rate cor wrison buffer card (RCB) may be replaced by a source
rate to transmission rate converter caxd (STRC) or a transition encoder carxd
(TE). The demultiplexer smoothing buffer card (SB) may be replaced by a trans-

mission rate to source rate converter (TSRC) or a transition docoder card (TD).
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SN 3(1) Multiplexer Set Pranted Circuit Cards
Name Used In
1) Power Supply Monitor MUX/DEMUX
2) MUX Lamp Draver MUX
3) Overhead Enable Generator MUX/DEMUX
4) Strapping Switches MUX/DEMUX
5) Port Sequencer MUX/DEMUX
5) Sequencer Diagnostics MUX/DEMUX
7) Channel Sequencer MUX/DEMUX
8) Gated Clocks MUZ/DEMUX
9) Reference Timer MUX
10) Ppata Multiplexer MUX
. 11) Oscillator Carxiex DEMUX
12) vbistribution Matrix DEMUX
13) Divide-by-n Counter No. 1 DEMUX
14) Dbrvide-by-n Counter No. 2 DEMUX
15) Synthesizer Distributor DEMUX
16) Frame Sync DEMUX
17) vVariable Length Shift Register DEMUX
§ 18) Channel Monitor MUX/DEMUX
! 19) On-Line Maintenance MUX/DEMUX
! 20) MUX Remote Alarm MUX
2]) Frequency Synthesizer DEMUX
22) DEMUX Lamp Driver DEMUX
23) DEMUX Remote Alarm DEMUX
24) Rate Comparison Buffer (RCB) MUX
25) Source to Transmission Rate Converter (STRC) MUX
26) Transition Encoder (TE) HUX
27) smoothing Buffer High Speed (SBHS) DEMUX
28) Smoothing Buffar Low Speed (SBLS) DEMUX
) 29) Transmission to Source Rate Converter (TSRC), DEMUX
High Speed
30) Transmission to Source Rate Convertexr (TSRC), DENMUX
iow Speed
31) Transation Decoder (TD) DEMUX
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The line drivers and lire receivers are hybrid microelectronic circuits
which are assembled into enclosed, RFI sealed metallic modules. Each module
contains two line receiver circuits or two line draivex circurts., Tharty-
three modules are mountec on the back of the multiplexer drawer and 32 on the
demultiplexer drawer. On the multiplexer, 31 of the modules are line
receiver modules (total of 62 line receiver circuits), one s a line draver
module (total of two line draver circuits), and one is an external timing
receiver module. On the demultiplexer, 31 of the modules are line driver
modules (total of 62 line driver circuits), and one 1s a line receiver
module (total of two line receiver circuits). The wires from the modules
are routed into the chassis through EMI £iltexs.

The multiplexer and demultiplexer both contain redundant power supplies.
Power distribution between power supplies, wiring plane, and modules 1is by
means of laminated bus bars. The supplies are located under the upper ac-

cess cover, which is withdrawn from the front of the chassis.

Each multiplexer and demultiplexer chassis incorporates a cooling blower
which draws air from the front of the equipment, and from the rear of the
equipment, via the line driver and receiver module area. Cooling air enter-
ing the drawer internals is routed through filters located at the top and
bottom of the chassis front panel.

The packaging arrangement uses a hinged front panel via which pranted cirxcuit
boards are accessed.

4. MULTIPLEXER SET DEPLOYMENT

a. Equipment deployment to a large number (100 or mcre) of geographacal
locations is anticipated.

b. These locations will be worldwide.
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c. Average equipment.quantities-will be four-to five per deployment: loca-
tion, but.may be considerably-higher in specific instances.

d. Installations at the expected deployment locations-will be a.mixture of
central office facilities and transportable trailer-type vans.

e. Maintenance of the-equipment while on line 1is desirable and.is acceptable.
£. Corrective maintenance will be performed .on an as-required basis. Pre<

ventive tasks .will be scheduled.

5. MULTIPLEXER SET REQUIREMENTS OUTLINE

a. Maintain a 99% availability in one up/down satellite link,
b. Operate continuously, with an MTBF of 2200 hours.
¢. Have continuous knowledge of link operetional status.

d. Perform maintenance with operator skill levels.

MTBF
i T MTBF +
Mo

2200

0.9999 = m
ct

Mct = 0.2 hour orx 12,0 minutes

€. SN 5 (1) depicts the related requixemwents.
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CHAPTER 2
ROOTS OF MAINTAINABILITY

This chapter defines maintainability by describing its roots, their dimensions
and applicability. The xoots of miip;aihability are fault location, packaging,

accessibility, interchangeability, adjustments, standardization, and-preventive

me intenance. All roots are applicable to all types and levels of ground elec-

tronic systems hardware at all maintenance. levels. Guidance in determining

“how much" of each root is covered in-Chapter 9 and the establishment of gen-
eral trends for each root is covered in Chapter 13.

Also included ig design
data relative to fault location.
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MAINTAINABILITY

CHAPTER 2

CHAY 2

ROOTS OF MAINTAINABELIPY

SECTION 2 - INTROGUCTION 70 YHE ROOTS OF MAINTAINABILITY

Design Note 2AL
282
273
2a4
2A5
246
277

Fault Location !

Packaging
Accessibility
Interchangeability
Adjustments
Standardization

Preventive Maintenance

SECTION 2B - MAINTAINABILITY ROOTS DESIGN IMPACT

Design Note 2Bl - Fault Location by Integral Sensor Tests
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SECTION 2A
INTRODUCTION TO TH. ROOTS OF MAINTAINABILITY

This section contaius the definition, description, dimension, and appli-

cability of each of the roots of naintainability.
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CHAP 2 - ROOTS OF MAINTAINABILITY SECT 2A

SECTION 2a INTRODUCTION TO THE ‘BRCUTS OF MAINTATNABILITY

DESIGN NOTZ 2al - FAULT LOCATION

1. DEFINITION AND DESCRIPTION
2. FAULT LOCATION REQUIRE(ENTS
3. DIMENSIONS

4. APPLICABILITY

DESIGN NOTE 2A2 - PACKAGING

i

H
1. DEFINITION AND DESCRIPTION %
2. DIMENSIONS
3. APPLICABILITY

DESIGN #OTE 2A3 - ACCESSIBILITY

1. PEFINITION AND DESCRIPTION .
2. DIMENSIONS
3 APPLICABILITY
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DESIGN NOTE 2A4 ~ INTERCHANGEABILITY

1. DEFINITION AND DESCRIPTION
2. DIMENSTONS ;
3. APPLICABILITY {

DESIGN NOTE 245 ~ ADJUSTMENTS

1. DEFINITION AND DESCRIPTION
2. DIMENSIONS
3. APPLICABILITY

DESIGN NOTE 2A6 -~ STANDARDIZATION

1. DEFINITION AND DESCRIPTION .

2. DIMENSIONS

3. APPLICABILITY

DESIGN NOTE 2A7 - PREVENTIVE MAINTENANCE k
f

1. DEFINITION AND DESCRIPTION

2. DIMENSIONS

3. APPLICABILITY
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CHAP 2 - ROOTS OF MAINTAINABILITY . ’ DN. 281
SECT 2A - INTRODUCTION TO THE ROOTS OF MAINTAINABILITY

DESIGN NOTE 2A%

FAULT LOCATION -
1. DEFINITION A:D DESCRIPTION

There are several faul: location categories, as listed below:

® Automatic hardware, exterral '

Butomatic software, exteinal

Autonatic hardwace, internal

Automatic software, intexnal

*

Manual softwaxe

Manuval

Semiautomatic (combination of manual-and automatic)

The term zutomatic indicates that the testing is performed without hwran in-
tervention.

37 ‘iware testing means *hat the input(s) to a function may be provided a
stimuli and the output(s) are monitored. Tha level of isolation is therefore
just tc ..at function.

Software testing still requires stimuli and monitoring, but a predetermined
logical analysis is applied to the results of the input/output relationship
ard 1solation is to a lower level than that in hardwaie testing only (given
the same input(s) and output(s)). Another way t> say this is that for u given
level of fault location, fewer test points are required for software testing
compared to hardware testing, but & softwars program is required.

Internal test equipment, usually referred to as Builc-In Test Equipment (BITE),
is obviously special-purpose equipment; that is, ic 1s built to perform a

specific test function or functions on 2 particular equipmunt or equipments.
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External test equipment can be either geneial purpose ot oy octal puspone.
(Genexal purpese equipment 1s built for general test functions on many equip-

]
ments and includes such items as signal generatorxs, metexs, scopes, etc.).

Manual festing 1s basically the utilazation of standard commercial test equip-

I

ment and some degree of "tiial and error" techniques and generally results in

7

some uaacceptable degree of indiscrimate substitution and making adjustments

to atiewpt a guick fix.

1t should be pointed out that the fault detection (1.e., performance monitor-

ing) features in equiprents and systems are not included for maintainability,

but are provided pramarily to inform operating personnel of the operational

y

status of sections of the equiprent or system. Therefore, selection of the
system parameters to be monitored and the monitoring technique to be used

are not primary maintainability design considerations.

DS

1f performance monitoring features are included in a system design,
they can be used as the starting point for fault isolation because they will

generxally provide some degree of fault location.

The normal operational indications provided in a system also provide some
degree of fault location so that the starting point tor fault location, par-

ticularly at the system level, is not zero.

2. FAULT LOCATION REQUIREMENTS

Fault location requirements are dictated to some extent by the test approach

selected for the eguipment or system. However, in any fault location scheme,

T A Lot T AR YR O R g i) DL g B ¥

1t is necessary to provide access points Or sansing design by whach the ade-

quacy of circuit operations can be determined. The szlectronic and physical
locations and the numbers or these access or test poirts are the primary fac-

tors to be considered for fault location. DN 2Bl presents an an.lysis of

LaenE WL g ssir

tes. point and sensing design, pointing cut the advantages and disadvan-

tages of various techniques.
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J
3. D;MENSIONS ;
In addition to maintenance time, diagnostic effectiveness is possibly one of
i the most significant yields by which a fault location system-is measured. It ;
! ir the ‘product of its compunents; i.e., recolution and percentage of failures N
! for which that resolution is applicable (comprehensiveness) . This is expres- i
t
sed as: B 10
|
DE = P2 i
= .. -, _Average callout size, _ : . !
Where R = Resolution = 1 total size and C = Comprehensiveness. %
1.
The average callout size and the total size must be in the same dimension; |
i.e., piece parts or cards or chassis, etc. ;
i 4. APPLICABILITY
i
! Fault location is applicable to all types and levels of ground electronic
}

hardware down to the discard-at-failure level. The most common application

of mechanized software programs is to digital equipment.

DR
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CHAP 2 ~.ROOTS OF MAINTAINABILITY LN 2A2
SECT .2A - INTRODUCTION TO THE ROOTS OF MAINTAINABILITY

DESIGN NOTE 2A2 PACKAGING

1. DEFINITION AND DESCRIPTION

There are three packe_.rg characteristics of interest to, the meintainability
discipline.
a. Structuring - This relates to the nurber and complexity of each hardware

level which comprises the system, down to and including the DAF level.

b. -Classification - The relationship-of the components within a package, at
earh hardware level, is an important maintainability characteristic. There

are two basic- classes: functional, wherein the package contains those parts

which work togelher; and hardware, wherein the package contains those -items
which are alike or identical but which do n»t necessarily work together.
Functiona” packaging can bc defined as that grouping of hardware in each pack~
age which xesults in the least total number of interconnections .between pack-
ages at all levels of hardware.

c. Mounting - This is divided into two basic types: plug-in or hgrdwired.
Mounting is an important packaging characteristic that is covered in detail

in DN 2A3.

2. DIMENSTONS

The packaging structuring and classification contribute to the malfunction
isolation time, and therefore these two characteristics of packaging are in~
cluded ‘in DN 2Al.

3. APPLICABILITY

Packaying is applicable to all types of hardware.
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o2 :
i
DESIGN NOTE 2A3 ACCESSIBILITY i
1. DEPINI®ION LND DESCRIPTION %
i Accessibility pertains to the tima and other logistics-resources necessaxy :
;
to gain access to the hardware in order to conduct maintenance in terms of
inspection, test, repair, remove, and replace actions. i
i The extent tc which consideration has been given to hardware stack;ng, types ; 4

and numbers- of fastening devices, types of -interconnection devices, and manual

dexterity recuirements deternines accessibility.

2. DIMENSIQJS

Accessibility is measured in terms of time and AGLD (tools) required to gain

access for naintenance purposas.

! 3. APPLICABILITY

For grounc electronic systems, structural access duors (load carrying) are not

considered reasonable candidates.
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CHAP .2 - ROOTS OF MAINTAINRBILITY' o DN 284
SEC? 2A ~ INTRODUGTION TO ‘THE’ROOTS OF MAINTAINBBILITY

DESIGN NOTE 2A4 .. . S ._INTERCHANGEABILITY

1. *DEFINITION~AND ‘DESCRIPTION

‘Fully interchangeable items ars those items having the same ﬁanufacturer's,or
Federal~Stock Numbér iFSW), which, when interchanged ox supstitqteé €0t éach
other without modification, adjustment, or selection, will provide.the same
physical and functional chiracteristics required of the ofiginal item. Inter-
changeable items above the piece.part level may contain adjustable- electrjcal
or. mechanical-piece parts, provided they are the "factory set.and sealed"

type and such interchangeable items can be,puréhased‘for spares purposes- in

4 preset and sealed configuration. Fully interchangeable items require no

adjustment of the aquipment or assembly in which they axe used.

Examples or classes of noninterchangeubility-are sclect fits, matched. pairs,
”
and items requiring adjustment or modification of the.item or the system in

which it is used after replacement.

As a corollary item to interchangeability, items which are not functlionally
interchangeable should.not be physically interchangeable,. except for items
which are considered interchangeable after adjustment.

2. DIMENSIONS

Tne measure of interchangeability is a count of the noninterchangeable items
in the system and the logistics resources required to perform the maintenance

actions on each.

3. APPLICABILITY

All items at all levels of hardware should be interchangeable in digital*
hardware, and the presence of a noninterchangeable item should be a possible

candidate in analog hardware only.

*The term digital, as used in this notebook, refers only to the binaxy elements
of a digital system and not the analoy porxtions, such as A/D's and D/A's.
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CHAP 2 = ROOTS OF MAINTAINABILITY . DN 2AS
SECT 2A ~ INTRODUC1ION TO THE ROOTS OF MAINTAINABILITY

i

DESIGN NOTE 2AS5 ADJVISTMENTS

1. DEFINITION AND DESCRIPTIONS

Adjustments are defined as, any mechanism by which. an item may be brought .into

proper position or condition (tolerance). Adjustments-are- made to produce a

desired response from a given stimulus or to accomplish an electracal functional
fit.

Interacting adjustments are two or more adjustmants which affect a single para-
meter or response of an item.

An adjustment that is a one-time-only, “factory set and sealed” type which

does not constitute a maintenarce requirement during equipment employment is

not considered to be an adjustwent from the maintainability standpoint.

The presence of an adjustment, other than the factory set and sealed type,

implies that an item must ke adjusted-on a periodic basis in order to keep
the system operating within its required tolerance. If an adjustment is not
made on a preventive basis, but rather on a corrective basis because the sys-
tem has become out of tolerance, the maintenance rate of the system is in-

creased because this is not normally considered in reliability calculations.
2. DIMENSIONS

The measure of adjustments is a count of the adjustments and a measurement

1 of the time and other logistics rescurces required to perform the adjustments.
3. APPLICABILITY

The presence of adjustments is only a viable candidate in analog electronic
equipment, and not in digital electronic equipment.

23
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CHAP -2-% "ROOTS OF ‘MAINTAINABILITY . ‘DN~226*
8ECT 2A - INTRODUCTION TO THE ROOTS: OF  MAINTAINABIL{TY

DESIGN NUI‘E 286 - - - .. . ISTMDARDI7ATION~ E:
1. - DEFINITION -AND - DESCRIPTION ’ I
-Standardization.is .the -descipline. dédicated to two.pranciples: utilization M
of a maximum number.of ‘identical.parts: in"a-system,-and utilizatich-of a !Je
axirium nunber: of off-the-shelf parts in a system. Thif canibe defin .\ ag r ni
intrasystem and intersystem standardization. ) T4

43
Mo e 2l

From a wmaintainability standpoint, utilizat.on of nonstandaxd parts below

the discard-at-failuze-level-has little jmpact.

Hrcte te 3 4

\

'3

2. DIMENEIONS ;
bl

The measure of standardization is-a count of the nenstandard-itewms in:the
system, and a count of the nonmulitary standard items in‘the systex. This'is n
applicable to all levels of hardvare to the discard-at-failure level. (. }
JE]

¥

3. APPLICABILITY o
* 1

standardizat:xon 1s applicabsie to all levels -nd types ot ﬁar@wax:e. Staadardiza~ ‘ ?
tion at the higher levels of hardware is generally easier to achi.ve and more r
cost effective in digital equipment. ¢
. ‘
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CHAP 2 ~ ROOTS OF MAINTAINABTLITY DN 247 ,
SECT 2A - INTRODUCTION TO THE ROOTS OF MAINTAINARILITY ' ?
Y .
] 4
;é
DESIGN NOTE 2a7 PREVENTIVE MAINTENANCE 3
. ’ v
1. DEFINITION AMD DESCRIPTICN ;
Preventive maintenance is defined as the compos.te cof those maintenance actions %
pexformed on a periodic basis. The period may ke hascd on calendar time, g E
operating time, equipment cycles, etc. : é
The elements of preventive maintenance, as applicable to ground electronic ' §
systems, are as follows: : §
a. Time Replacements - Items which have a shelf life or experience time, ?
cyclic, or wear degradation and must be replaced at specific intervalc tn ;
maintain the requiraed tolerances of the system. %
: ! b. Filter Replacements - All filtering elements which require periodic re-~ f
% placement or cleaning. Permanent, self-cleaning, filters which require no ;
additional maintensnce actions are excepted. ?
, c. Lubrication Points -~ Those points where lubricants grease, oil, etc., g
i~ are introduced into the unit. Permanently lubricated bearings or assemblies
are not included.
d. Inspection = A post-manufacture examination of a unat to determine its i

condition and fitness to perfoau its intended function or to scrutinize it .
g for susceptibility to malfunctiun,

' e. Periodic Test - Any test or checkout operation which must be performed
on a scheduled basis.

$ £, Calibration - Determination cf the value of characteristics of an item
i by comparison with a standayxd. Items found to be outside prescribed toler-

ances may or may not require adjustaent.

2. DIMENSIONS

|

. Preventive naintenance is measured by the count of preventive maintenance

% actions recwuzed and the value of the peculiar logistics resources required
! to pexform them; i.e., manpower, AGE, etc.
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CHAP 2 - ROOTS OF MAINTAINABILITY ‘DN 2a7
SECT 2A ~ INTRODUCTION TO THE ROOTS OF MAINTAINABILITY

3. APBLICABILITY
Fot-elect¥onic equipment, -the most significant preventive-mairtenance actiun
Is calibration. Calibration reguirements are only applicable to.anaicy

electronic equipment.

Any preventive ma.ntenance action which-can be scheduled in a:period vhen the
equipment -1s .not required operztionally or which.can be-perfoxmed:while the

mission is being fulfilled does not contribute to downtime.
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CHAP 2 - ROOTS OF MAINTAINABILITY ‘ SECT 2B

-

SECTION 2B

MAINTAINABILITY ROOTS DESIGH IMPACT .

This section-provides information on the design of fault.location systems
(hardware type). It contains ~n analysis.of an-integral.sensor test system,
including .detexmination of the numbers and locations of test points toh per~
mit fault location at a high level of confidence.
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SECTION 2B MAINTAINABILITY ROOTS DESYGN IMPACT .

DESIGN NOTE 2Bl - FAULT LOCATION BY INTEGRAL SENSOR TESTS

1. GENERAL

2. INTEGRAL SENSOR TEST SYSTEM (ISTS). OPTIMIZATION
2.1 hAnalysis of Basic Configuration

2.1.1 Intreduction

2.1.2 Option 1

2.1.3 Option 2

2.1.4 Trade-Off Analysis

i
x

¥

¥

i
|
’%
!
|
i
é

Z2.1.5 Concepiual Description of Recommended ISTS

2,1.5 (1) Conceptual I.lustration of an Air Force Site With an ISTS

2,2 Sensor Designs

2.3 Evaluator Lesign

2.3.1 Thresholding Coansidecsations
2.3.2 Fault Detection and Diagnosis
2.4 Display Design

2.4.1 Local Digplay

)
s S S

PRy

2.4.2 Centralized Display
2.5 Depth of Isolation
2.6 Fault Prediction

2,7 Test Point Selection

PRI

2.7.1 Pailu.e late Establishment

ot

2.7.1 (1) Example of Prame Lguipment
2.7.1 (2) LRU Inputs/Outputs

2.7.1 (3) LRU Input/Output Relationships )
2.7.2 Fault Code Establishment

- ana

2.7.3 Interdependency Establishment :
2.7.3 (1) Example Synchronizer
2.7.4 Evaluation of a Particular Sensor t

e St i At Yl S 1 < et e ANk 87 Nt~

2.7.5 Evaluation of a Sensor Set
2.8 bhnalog Sensors ’

2.8 (1) Analog Signal Amplitude Sensors i
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1.
AR

UESIGN NOTE 2B.. . . . - - _-FAULT -LOCATION BY ‘INTEGRAL SENSOR TESTS

. 1. GENERAL

B

s YA o 00 2t S T S

The Integral Sensor Test System (ISTS) is a-form of built-in test .that can

measure and evaluate basic electronic parameters on a continuous on-line moni-

toring basis. “fhe xecommended.ISTS concept is tc perform localized processing
within gacﬁ,grime equipwent.. Centralized ‘display. and mode.control are an
optional part of the ISJ$, since digplay and mode control are also po.sible

at the prime equipment level. Essentially, one can considexr the. sensors with-

in an =quipment as a nerve network and the decision was to also place the

"brain" (evaluator) within the prime equipment. This is a .ore cost-effective

R R UL a T

| R
i technique since the sensors can be utilized independent of auxiliary equipment.

Sensors are described that can efficiently sense basic electronic parameters
such as AC, DC, pulse, frequency, phase difference,; etc. The sensors are in

microclectronic form and can bBe uszd as standard sensors for the parameters

ey

and signal levels for which they were designed, but are‘'versatile enough tn

which put simple variations in component values. An analytical methodology

is also described that allows the designezr to determine the numbexs and loca~

~

~
{ allow applicability to a variety of frequencies, pulses, and signal levels
A}
'

rions of test points to permit fault isolation at a high cunfidence Jevel.

P N Y

Guidelines and results that can be obtained through th: usaz of the described
technique are as follcws:

| |
i a, A relatively simple, but affective integral sensor test system can be F
| designed into systems to provide quick and effective fault isolation at a

g high confidence level.

' b. An integral sensor test system should be confined to the equipment level,
when practical, as opposed to a centralized »ystem cvaluator and display, to
minimize the need for highly complex multiplexing and cabling that vould sub-

i stantially increase costs and decrease .eliability.
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c¢. The relative complexity of the sensor/evaluator should be less than 10
pexcent of the final equipment. This level of complexity will perrut a 90-
to 95-percent detection/isolation capability and will limit the impact of in-
creased cost, size, weight, and reliability of the final equipment.

d. Sensors should be designed as an integral part of the prime equipment,
since it enhances compatibility between sensors and systems design and allows
the sensors to utilize power from the prime equipment to minimize intercon-
nections and :educe size and cost.

e. Sensor signal evaluation should be performed at a level where a number of
LRU's form a functional entity within a larger system thus utilizing the
"virtual” test point concept.

£. Thresrolding of the sensed signal should be performed at the evalvator,
and the evalustor shouir be powered by a separate power source to maintain
coherent output in the event of powexr supply failures.

g. The evaluator should be designed tc isolate single faults only, since

evaluation of multiple faults has shown to be not cost effective.

2. INTEGRAL SEJSOR TEST SYSTEM (ISTS) OPTIMIZATION
2.1 Analysis of Basic Configurations
2.1,1 Introduction

One of the bisic decisions -2lative to the design of the ISTS is the level at
whach the evaluation of sensor data should be performed. The extremes are;
* Thresholding the sersor within each LRU.
* Transmitting the sensor data to a centralized evaluator (i.e., a
computer) where the sensors from a number of prime equipinents are

thresholded, digitized, and evaluated.

Neither extreme is desirable, and there is a logicnl levcl for perforwmin~ the

required evaluation.
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2.1.2 Opeion 1

The first option for evaluation of individual sensorz ‘ithin the LRU'is ob-

[PV

vinusly too elementary. Such an approach demi2s the use of deduction, ‘which

is a powerful tool Jor minimizing the numbex of sonsuxs. In some cases, &

fault within a particular LRU can b isolated -to a high degree of accuracy
even though there is no sensor within it.

For example, imagine a system with
a number of integrators, each in a separate LRU. MNext assume that there is
an associated LRU that generates a set of switching signals to reset the inta- ©

grators, and assume that this LRU has no sensors in it. If semscrs on the

outputs of all the integra*ors suddenly indicate saturation, there #re two

E
=
likely causes; i.r., a feilure in the reset circritcy or simultaneous failures : 'ﬁ
in each of the integrators. Common sense dictates that oue should assume thet §
¥
the reset LRU has faileé,

The literature i1 akes reference to a "viztual tect

point" at the output of the reset LRU described akove. It is therefors appur-~

_ ent that evaluation at too low a level does nct cealizz toe full potentiul of
the integral sensor apprcach.

2 S Hp s ats

o i Lk a7 AT B KTl s £ O 4 Pt S A
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2.1.3 Option 2

The second option for evaluation of ali sensur data at a level as conséi&dated
as possible has certain merits, Some of tha positive factors are:
®* Redundarcy 'n the installation is eliminaved-by commutating a pro-
grammable evaluator between several prime equipments.
* The evaluator can be quite flexible and complex, since only one
evaluator is required for a given installation.
* ALl node control and display are inhereatly centzalized.
* Further refinements such as fault predicticn, trend analysls, and
automatic repuir could be realized with this type of evaluator
(i.e., computer).
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ON 2B

At. the same time, however, there are some negative factors associated with cer--

tralizsd evaluation, including the following:

° . 11 sensor data must be interconnected to thu evaluator. Pavticu-

larly in microelectronic eguipment, the connectors and cahling ¢ uld

easily become a significant, if not dominant, item,

* The largr number of interxconnections can be reduced by multiplexing,

but the complexity remains high and there may be accuracy problems

due to offset in the multiplexer.

* The resultant €lexibility is low, since the senscr network can

only o2 utilized for automatic fault isolation when the syste., is

operated in an installation where there is an evaluator availalle.

compromised.

When the cvaluator is down, the entire installation is severely

Fault data generated within a centralized processing area must be

transmitted back to localized displays for use by maintenance men.

These factors should be carefully weighed during the program tc determine the

negative faciors and the positive factors.

2.1.4 Trade-Off Analysis

The guesticn of where to perform the evaluation therefore remains. The solution

28 to look at the functional interrxelationshiws of groups of LPU's within a

prime equipment. Eventually, one will reach a level of hierarchy where the

1.RU's in a particular group are intexrelated in themselves but are relatively

1solated (functio..ally) from other LRU's o. gxoups of LRU's,

At this level,

the potential for deductive evaluation 1s totally realized, and the etaluation

can just as well be pexformed there.

One of the advantages of this appvoach is that intexconnections are min.mized,

sance the evaluator will always be in \he immediate vicinity of the assoclated

LRU's. The evaluator can, itself, be an LRU in the system,

Each evaluator can

e envisioned as a h.rd-wired evaluator (as opposed to programmable) for that

specifi< application.
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Another attractive feature of this ISTS conceplL is that there is an optimum

versatility. f%he sensor network can be utilized.even when a particulax primé

equipment is used individually, yet it is completely compatible with even.the

largest installations. The sensors can be viewed as a "nerve network® within

the equipments and the avaluvator as the “brain". With the "brain" at oz within

the prime equipment, it can obviously function individuwally or in a group.
2.1.5 Conceptual Descripticn of Recommended 1sTS

The recommended lievel of ‘evaluation describedr?bove~essentialiy»de£ines a.basic
ISTS configuration. & number of 24ditional details was also evolved to more
completely describe the system. A conceptual. diagram of the ISTS is shown in
SN 2.1.5 (1). The dashed lines in SN 2.1.5 (1) indicate boundarles of prime
equipment. The ficst 2quipment is a system to modest proportidns having two
functionally independent areas. An example of such a system migh% be a trana-
ceiver. One evaluator is designed around the transmitter and another around
the receiver. The reason this is the appropriate level is that thex¢ are few
interrelationships between LRU's in the transmitcer ani.receiver. Within the

transmatter subsystem, however, there are intercselationships involving keying

signals, mnde cuntrol signals, AFC loops, etc. A szcond evaluator is designed

5
around the receive-. Each evaluator then generates go/no-go signals for each 3
LRU wath which 1t is associated. Every evaluator shoulu also generate a go/no- %
&
go ~ummazry indication for its functional area. The outputs from the two evalua- R

tors arn combined into a cormon local display. Signals are also provided on a

standard auxiliary connector for use in a centralized display area.

Another prixe equipment in the TSTS conceptual diagram of SN 2.1.5 (1) is shown ‘
with only ore major functional area. The concept is essentially the same, how- ‘
ever, Senscrs within the LRU's generate outputs which are thresholded and pro-
cessed in the evaluatur. The asveluator genenates go/no-gc osutputs for each
LRY and a summary ind .cator for that system. The outputs of the evaluator are
aluo provided on an aax:iaxy connector for use in a centralized display.
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SUB-NOTE 2.1.5 (1) Conceptual Illustration of an Air Force
Site.With an ISTS
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SECT 2B - MAINTAINABILITY ROOTS DESIGN iIMPACT

Othexr prime equipment ir 3N 2.1.5 (1) may involve several subsystems, éné each
subsystem will have an associated evaluat... For example, a radar may have
transmitter, antenna, receiver, data prc.t .sox, and display subsystems. The
local ISTS display for that system wouvid Likely be located in the display sub-
system but independent evalvators would be located in each subsystem,

The e¢valuators in SN 2.1.5 (1) may have a control to activate a fault predic-
tion mode of operation. This ~ontrol could be derived either from the central
or local display area, with priority given to fault prediction to avoid op-

posing commands from tae local and central areas. An indicz.or should also be

provided on the display to ir ‘rate the selected mode.
2.2 Sensor Designs

The basic purpose of sensors within a prime equipment is to provide the eval-
uator with the essential information required to detect and isolate faults.
The proper placement o€ sensors (test pnint selection) is discussed in para-
graph 2.7, but it is iwportant to recognize that sensor requirement in a
par.icular application ave established by the parameter(s) at the selected
test points, Sensox design must not be a strong ainfluence during test point
selection, although there must be some feedback if a cost effective system
1s to be realized., The feedback should be minimized and it should deal pri-
marily with the feasibility and cost effectiveness of sensors for particular
parameters. For example, the selention of a test point nust be discouraged
if a reasonable sensor to menitor tha: parameter is not fezsible conversely,
to encourage the selection of a test point because the parameter is easy to
sense or because there is an existing senso could easily comprorise the
ability of the evaluator to detect and isolate faults. Cost effective sen-
sors for most parameters can be realized without preempting test point selec-
tion.

When standard sensors are impractical, one design approach could be to gener=-
ate standard electrical designs and/oxr circuit configurations so that the da-
signer can select components compatible with the prime equipment requirement
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and quickly implement a’'sensor. This approach to sensor-design minimized inter-
connections because the sensor can always utilize whatever systeﬁ power is
available., There should never be a tequi&ement for sepa;ate~poweg supplies b;
special wiring for sensox because hp advantage can be gaiﬁed'by-powering sen-

sors froh an independent power supply.

This suggested approach to sensor design also assures complete compatibility

with the prime.equipment.
2.3 Evaluator Design
2.3.1 Thresholding Considerations

The function of the evaluator is to process the sensor data for the purpose of
detectiug and isolating faults. Most sensor data is analog but the simplest
evaluacor designs should zesult £rom digital processing. It is therefore re-
commended that the sensor data be immediately thresiolded, if necessary in a

high/low threshold circuit or “"window detector.“
2.3.2 Fault Detection and Diagnosis

a. General,

After digitizing the sensor outputs, the evaluator must process the data for
the purpose of detecting faults and isolating the faults to an LRU. A systems
tic technique for performing these functions is Lo consider the digitized ser so:
data as a corposite logical word. Then the evaluator can be programmed Lo
xecognize all possible logic words and associate a "normal” or “failure and
location of failure" with each word. The evaluator designer must therefore
examine all ocssible fault codes and identify all these which he feels zould
occur. Some codes are totally impossible or could only occux with a nurber of
simultaneous failuxes. Aftex he has identified the fault coces which are pos-
sible, he must then associate the proper status or fault condition with each

code.
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b. Partitioning of Fault Codes

oOne of the problems with this éechnique is that there may L2 a very large

nurber of possible-fault codes, For example, in a system involving as few
as 10 sensors, there are 1024 possilie £5u1t codes. Technigues nust there-
fore be:investigated to-greatly reduce the number of potential fault codes.

Three tochniques are-described in the following paragraphs.

The first technique is known as partitioning. Us:ny, this approach, one es-

centially breaks up a velatively long binary word into a number of shorter
binary words. The sum of these shorter words is much less than the one com—
posite worc. For example, if a 10-bit word is partiticned into two 5-bit
words, the codes are reduced from 1024 to

2° 4 2° = 64,

The rationale for partitivning ic very logical. For example, assime a sys-

tem with 10 sensoc¢s with the first four sensors associated with the systew
power supplies. In examining fauit codes, it is immec.ctely apparent that a
power failur2 is defined by a zero in one of che first 4 bits, All fault codes
with one or more zercos in the first 4 bits uniquely defines a power failure.
211 permutations of the remaining 6 bitc are therefore irrelevant. 1n fact,
the sensor « itputs of the last 6 bits are totally meaningless because the
required supply voltages are not present. One is totally justified in par-
titioning the coxe word between the first 4 bits and the remaining 6 bits. The
result is that the evaluator looks first at the first 4 bits and, if any zeros
are present, a unique diagnosis can b2 made immediately. If all 4 bics are
"1", then the evalvator proceeds to a secoud level or hierarchy and evaluates

the permutations of the remaining 6 bits. 'The tutal number of ccdes to be
evaluaced is now
a 6
2 + 2 = 80,
It is therefore obvious that partitioning veduces the number of fault codes
by a large amount.

107

arah A

Vo B o2 3

o s

preess

5
R
i
A

Lo




oM

=]
2z
~
8.
it
B N
2

-CHA® o -:ROUI‘S OF JSINTAINABILITY .
S:.C‘I‘ “2B:%. MAINTAINABILITY ROOTS "DES GN IMPACT

TN

rwen

: i f
¢. Additjonal Techniques for Fault Coda Reduction R g«fﬁ
The nunber of fault codes cah .also be reduced considerably by -assuming: that t: {E
the evaluator will oniy have to pgrfo;q under. conditions- of a single.fault.. ;,2
The likelihood of simultaneois faults is fqr less thanéé percent,. and- .ruxe- 45?
fore. consideration of tultiple faults and the corresponding, fault-codes: is® o %
obvivusly not cost effecrive. “he system designég must-be conscious.of :é
maitiple fault.conditions wuereby one fault-is induced by another. Such.a . ji
condition occurs most frequently in higli-Powe. systems. Using single fault (‘é

P

assumption on-the previous éxample, only four fault codes need be.cosidered

for the first 4-bits. Little-can be said concerning the number of -combinations

of the remaining.6 bits that-can only ccuur undér multiple fault conditions.
Based on previous expecience, a conservativé estimate is that‘half the codes

can be generated only under multiple faults. Thus, the fault codes for the

Chety AN ceEr AN B

10 sensor example are now reduced to

26
2

This is a significant reduction from 1024 codes and these techniques are even

4 +- = 36 fault codes.

O EYA e ey

more essential. in larger systems, Addition.l partitions are vexy possible

o

in large:x systems and taen evaluation can be conducted in.three:ox-more:se-

cavw oz

quential operations.

san

Evéry evaluator should also be designed to provide a summary*go/no-éo indica-
tion for the LRU's with which it is acsociated. “For- small systems, this will :
be a go/no-go indication for the eatire system, while in large systems, they
will relate to major subsystems. In the.latter case, proévisiums should bé made i
12 combine the summary. indi.ations from the major sunsystems into a go/ﬁ%-gd ¥

indication for the entire system, - ;
2.4 Display Design .
' 2.4.1 Local'Display

A local digplay (prime équipment level, should be provided sy that the-system

can function independent of any auxiliary eguipment. The local display design
108
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should be compatible with the praime equipment, and therefore no general de-
sign can be recommended. At a minimum, the local display should include a
go/no-go indicator for each LRU in the system, as well as all the summary in-
dicators generated within the system. 1In a very large prime equipment, the
designer may consider providing a local display on each cabinet. The only re-
maining requirericnt would be to display the sunmary indicators in a central
area of the prime equipment. This approach reduces the number of intexcon-
nections between cabinets «+ithin the prime equipment.

All the evaluator outputs should also be made available on a separate con-
nector in the prime equipment. These signals can be used when desired in a
centralized display. In very large systems with several cabinets, the sys-
tem designer may choose to provide a connector in each cabinet rather than

ccasolidating them into a single connector.
2.4.2 Centralazed Display

When a numbes of prime equipments axe consolidated into a single installation,
it wall eventually be des:.able to display the equ.pment status, failures, etc.,
in a c2zntral monitoring area. The degree of sophastication and flexibility of
the centralized display cannot be logically defined at this point. The size,
the layout, and the mussion of the site all influence central display design.

It 1s therefore recommended that a design or design approacn be evolved as some
of Lhe first system prime equipments are evaluated. A likely solution is to
develop a modular console with a high degree of flexibility.

Centras display design can be as simple as a bank of lights and a few contrel
switches. Of couarse, more compact display$ (i.e., CRT's) could be provided
with additional information such as block diagrams. Additional equipment could
also be provided to record equipment status, to prant out a hard copy of all
failures, etc. Thes: are bat a few of the possible approaches to centralized
display design, but they illustrate the range cf possibilities whach make
standard designs impractical.
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The-amount -of ‘anfoxmation provided by:the centralized d.Splay should also ré-

‘main.open.. ‘Possible alternatives in this.area.are as follows:

a; Display all.summary aid LRU status indications

b. Display.all 'summary indicators in-one mode -and all LRU-Status. indicators
for, -an: operator-selected prime equipment in a second mods

c. Display-only sumrary indicatérs dnd-go to individual prime-equipment fox

faulty*iRUiinformation
2.5 Depth of Isolation

One of the trade-offs relative to system design is how precise and to what
ievél foult .jsolation should be perfcrmed. when the concept requives isola-
tion to an LRU which is then replacad by a repaixman, there is.no benefit
from isolation beyond the LRU. Isolation of faults within an LRU is there=-
fore prescribed as an-off-line function and a-second hierarchy of integral
sensors fuir this purpose is clearxly not cost effective. With reasonable
requirements for isolation accuracy (80 .to 90.percent), experience indicates

that, the sensor population is approximately one per LRU.

)

Since- there is .typically one sensor per LRU, the complexity of the LRU estab-
lishes tha ratic of prime equipment circuitry ‘to sensor/evaluator circuitry.
Typical LRU complexities in staté-of-the-art equipment are such that the sen~
sor and evaluator circuitry should constitute less than 10 percent of the

overall: system.

With a sensor population of upproximately one per LRU, the system will deiect
and isolate 90 to 95 percent of the faults., Additional sensors will increase
these percentages, but the cost effcctiveness of the additional sensors may
be too low to justarfy in most applications.
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The above factors are essentially "engineerirg judgments" based on the expe-

rience gained during the program. The breadboard circuitry 1s typical of most
electronic gear, and therefore the factors should apply to other equipmeat.
AS more experience is gained in the area these "rules of thumd" should be up-~

dated, but at prxesent they are the best possible starting points.

2.6 Fault Prediction

The system maintainability failure indice.ioh occurs when one or moxe test

point parameters in a given system exceed a prescribed threshold. By imposing
more stringent thresholds on a particular parameter, it is possible to detect
a degradation which may suggest an impending failure. Thus, one can suggest

) a second moae of operation for the system whereby certain thresholds are
tightened and the "failures" indicated in this mode are predicted failures.
There are a number of factors to be considered, however, before such an ap-

proach can be undertaken. Some of these considerations are as follows:

a. Digital sensor outputs do not degrade or drift but are essentially go/

i
i
£

no=go.

b. It is difficult enough, in a few situations, to specify failure thresholds

VPR

and attempting to be imore discerning may be impracticel.

¢. Test points in control loops may be held constant evcn though there are
degradations an the system. In this situation, additional sensors may be re-
quired for fault prediction.

TP R

4. There is a significant amount of added complexity in the threshold cir-

=

cuitry which may not be justified.
e. This mode may easily introduce a situat.on where the evaluator is faced

with two or three simultaneous "failures" so that added evaluator complexity

A

may also be required to provide adequate performance in a fault prediction
mode.
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2.7 Test Point Selection

Oné of the-key requixemélics For implementing a cost effective design.is-pro-

performance monitoring and fault isolation. It is therefore obvious that.the
location of these senmsors (test .oint selection) must be based.on the ability
of the sensor({s) to detect and isolate faults in the prime equipment.

Two additional factors must also be considered uu iny test point selection.
First, -test point.selection should be biased so as to concentrate sensors in
areas where failures are most likely to occur. A key element in test point
gelection is therefore the establishment of probability-of-failure data for
each. functional erea in the system, It is important to.note that the failure
rates are used only is a relative sense to bias tect point selection to the
areas in the system that are moxe likely to fail.

Secondly, there is the question of how feasible a sensor is once a test point
is selccted. If the parameter at a particular test point is extremely diffi~
cult vo measure, that test point should be avoided in the interxest of a cost
effective systew even if two alternate test points are rejuired. This should
generally not be a problem since most Jarameters can be sensed with cost ef-
fective sensors. It is also important to note that test point selection
shculd not b~ biased toward selection of specific test points to permit the
use of existing or easily implemented sensors. The effectiveness could very
quickly be compronised by such an approach.

2,7.1 Failure Rate Fstablishment

SN 2.7.1 (1} shows a functional block diagram of a system showing the intex-
relationships between the units. The system consists of the IF processing
portions of.a pulsed radar channel, including those items necessary to gen=-
erate test signals. 1Included are a variable gain amplifier (VGA) with a
sensitivity time control (STC}, a phase detector, an A/D converter, a digital
integrator, a D/A converter, and a threshold circuit driving the display scope.
A VCO supplies the system IF signal, clock and COHO. The synchronizer cuntrols

112
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the timing for the system, generating the pulsed IF, the STC taming, and tae

A/D sample signdls. For the sake of slieplicity, tinc power supplies needed

for these unitc are not included in the diagram altliough it can be readily

seen that the supplies could be LRU's providing inputs on which the other

units would be dependent.,
and outputs (see SN 2.7.1 (2)).

SUB-NOTE 2.7.1 (2) LRU Inputs/Outputs

Bach LRG can be specified accerding to its iuputs

2
=4

Name
vCo
Channel Splitter
Squaring Circuit
Modulator
Synchronizer
VGA, STC

A/D
Integrator
Memory

D/A
Threshold
A-Scope

pos b
HOWONOHWMDWN

|l
w N

¢ petector, video Anplifier

Qutputs

{to)

2
3,47

5

6
4,6,8

7

8

9
10,11

9

12
13

A particular LRU can be defined as having failed if it does not provide a

valid natput in the presence of its valid inputs.

By using established xe-
liability data {(e.g., MILTHDBK-217A) and kuowing the LRL internal electronics,

the likelihood of the failure of a given LRU output can be expressed math-

ematically. The norxmalized failure rate of those portions of an LRU con-

cerned with relating a given output to the LRU ingputs can be taken as the prob-
ability <hat this output will fail.

Thus, to describe the gystem, the input/

output relatinnships of the LRU's listed in SN 2.7.1 (2) axe shown in

SN 2.7.1 (3).
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2.7.2 Fault Code Establishment
If ine information along each intexrdependency line is sensed, the failure of
any LRU will produce a fault-code pattern. 'this pattern can be used to isolate
the fautt. In the roregorng example, 1f a "1" indicates no fault and a "O“
indicates a fault, the code will be:
Sensor No.
1 2 3 4 5 6 7 8 9 10 1} 12 12 14 15 16 17 18
LRU
Failed
1 o 0 9 0 0 6 0O 0 0 o 0 O O O 0 0 0 0
2 L1 o o 0 0 0 0 0 0 O O O O O O O 0O
3 1 1 11 0 0 0 O O O O O O O O O o0 ¢
R 4 1 1 3% 1» 1 0 ¥ 1 1 o O 0 O 0 O O O O
¢ 5 ¥ ¥ 1 1 ¢+ 1 6 O O © O O O O 0 o0 0O
1 6 ¥* 11 1 11 1! 3} i+ 1 + 0 0o 6 O O O O 0 O
! 7 tr*»1 1 1 2211 1 ¥ 1 0O 0O O O 0 O OO
8 ¥ *» 1 12 3 1 1 1 ¥ 1 ¥ 0 O O O O OO .
9 1+t 1 1 1 %t 1 2 1 1 1 1 0 O O O OO {
§ 10 ¥ 1> 31 1@ ¥ 11 1 31 1 1 1 ¥ 6 © o O OO w
: 1 ¥ ¥ 11 1 11 1 1 1 1 1 1 1 2 1 0 00O i
; 12 TP :1 *» ¥ 1 1 2 1 1+ 1 1 ¥ 1 1 1 1 o000
! 13 $P 1 1 1 s ¥ 1 } 1 1 1 1 1 1 1 1 10
No ‘
Fault 1 . 1 11 1 1 1 1 1 1 1 1 1 1 11

it can be roted from the ahove pattern that cnly those sensors that contribute

to the uniqueness of the fault pattern need be used. Thus, it can be seen that

sensors 2 and 3 and 7 and 8 could be removed without sacrificing the uniqueness

cf the words. Also, sensors 13, 14, ard 15 will all fault together, since LRU's

2 and 10 are connected in a loop. Thus, any two of these (such as 13 and 14)
can be omirtted since they supply no additional information. It is evident that
a fault an LRU 9 cannot be discerned from a fault in LRU 10 by the sensor out-
puts. The .edundant sensoxs can be omutted only if the LRU that has multiple
outputs will tose all of its outputs when it fails. If thas is not certain to

occur, then the sensors should be chosen on the basis of the probabilities of

1

4

failure. %
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2.7.3 Interdependency-Ec tablishment

In the exwmple, the- table-of failure-rates:shows that:the outputs of LRU.2
ave all equally likely to £:il. A channel spiitter (LRU ‘2). usually:-accepts
a common-input' and then branches inco several identical and-independent, chan=
nels. This means that each output could.fail.without affecting the others.

In this cage, monitoring ore cf the outputs would not assure the status of

the others. The three synchronizer outputs, howevér, would not ba independent. ?
All would be derived fzom a common «clock that would be counted down to the £
PRF fréquency. All would have the sams.repetition rate so that all would.de- 4
pend on the complete counter working properly. If the relative complexitiés R 3,5
of the circuits needed to generate the cutputs axe as showsn in “N'2.7.3 .(1), ’ ‘
the probability of separate or related failures of the three outputs can be !, : ’Wd
calculated kased on these relative cumplexities. The:probobility of detecting 5 . i
an LRy failure by 'wmonitoring only output 1 expresses the dependency rélation- ; B
ship that output 1 has with the rest of the LRU. This probabiiity is: i; . ‘;
p. = Do. of common elements b

L total no. of elements: s

or L d
8 __ . 92.2 percent | E

48 + 4 »

This means that 92.2 percent ¢f the times that output 1 fails. the other out- ;
puts will be missing also. The other two cutputs will have dependencies: ‘j
02 = a—e%—é-— = 89 percent ‘“4

and é
48 ;

03 = ®re " 86 percent .§

In general this dependency can be calculated for any output with respe.t to x
any other output by the formula: 4
b = y2e ‘

c +As
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wheyge
D is the dependency factor
Ac is the failure rate of the common elements between the outputs in
question
As is the failure rate of those porticns of the LUR peculiar to the
output for which D is.being calculated.

In the esample, the failure rates (A's) are considered to be proportional
to the number of circuits in each branch, assuming that the type of logic is
1dentical throughout. Also in the example, the dependency of any output is

the same for either of the remaining two outputs.

A system can be completely described by lasting the outputs, the fuilure
rates, and_the output dependencies for each LRU. Thus, the example case is:

Output LRU Output Goes to Failure Number of
Number Nuwber __ LRU Numbexr Rate x 1076 Dependercies
1 1 2 13.1 0
2 2 3 4 4.3 0o
2 2 4 4.3 0
4 2 7 4.3 0
5 3 5 10.1 0o
6 4 6 12.6 0
7 5 4 16.7 2
8 S 6 18.0 2
9 5 7 21.3 2
10 6 ki 15.3 0
13 7 8 12.0 0
12 8 9 2h.2 0o
13 9 10 11.3 1
214 9 11 11.3 1
15 10 9 15.6 0
16 11 i2 20.1 0o
17 12 13 25.0 0
18 13 14 30.0 0
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SUB-NOTE 2.7.3 (1) Exasple synchgon;ze}1
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And the dependcncies are:
output Nurber Pexcent on_Output Numbet
7 92.2. 8
7 92.3 o 9.
.8. - . - . 80- . PR
8 -89 - - 9 -
9 86
9 86 . .
13 ~100 - 14
14 100 : 13

The dependency conhotations are given fcr each odtput that has a dependent
association with ano;ber outpuc. Three types of.multiple output .situations
are illustrated. 'LRYU 2 has three outputs with a zerc dependency; i.e., each
output is completely independent of the-others. 'LRU 5 has three dependent
outputs. For instance, output 7 has a 92.2 percent dependency with output 8.
This means that 92.2 pexcent of the time that output 7 is missing because of
a failure of LRU 5, output 8 will-be missing also. LRU 9 has two outputs
which are completely dependent; i.e., thev are taken from the same point in-
ternal to the LRU. This is a 100 percent dependency, for whenever one outpuc

is missing, the other is certain to he missing also.

2.7.4 Evaluation of a Particular Sensor

with the above information, the usefulness of placing a sensor at any parti-

cular point in the system can be calculated on the basis of the uniqueness of

tha fault pattern produced by a given se¢t of sensors and by the probability

B g BN

that a given fault will occar. In general, the more faults that a given sensor
system can isolate (particularly on the first attempt), the better the system

A AN

G

is. In selecting the optimum placement of sensors, a quantitative measurement
of the system capability to isolate faults is required. If the fault code

will be isolated on the first attempt. If a particular fault does not produce
a unique fault code pattern, the £2 & cannot be isolated with certainty on

!
f
1
pattern produced by a sensor set for a given fault is unigue, then that fault %
the first attempt. However, if the fault is isolated to two possible LRU's, &
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the repair can be made on the second substitution. This 1s not as desirable
as immediate isolation, but is assuredly more desirable than isolating the
fault on three or greater attempts. Another factor in assessing the value
of a given set of sensors woulld be whether ox. not a set isolates the most
frequent faults. Thus, those sensors isolating frequent faults are more dé-

sirable than those isolating faults that occur less often. Given the time

that the equipment is to operate and the failuré rate of the LRU's, the . }
piokhability of a faul. in a particular LRU during the mission time can be [ i
found by: ; ‘?
P=1- e'AT 4 g

where f \?‘%
P is the probability of failuve, i ‘ ;i

A is the failure rate per 10% hours of the LRU : ¢

T is the mission time. ‘ B

2.7.5 Evaluation of a Sensor Set :

A sensor set evaluation coefficient can ke calculated by:

P 1 P 1 P
1 + 2 n

SE = 3 2 P

s

where
SE is the sensor evaluat:ion factor
Pl 15 the prchability of the failures isolated on the
first substitution; i.e., those failures uniquely specified
by the fault code

1% Homn s AP i On i e P e AR

P2 is the probability of the failuxes isolaced after two sub-

e

stitutions; i.e., those failures isolated tc pairs by the
fault code
P_ is the probability of the failures isolated after n sub-

A e e

P

stitutions; i.e., those failures isolated to groups of n
by the fault code, and
P is the nrobabiiity of any failure.

PRI
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The .1/n.« f£1c1ents give .less-and less weight to latec substit\ nons although o %
the effect. o€ addmg ar addxtxondl substz.tutzon decreases as- n- gcts .latger. ) ;1 ‘:
(The \wemhtmg chanqes greatly when goxng from one to two. subsmtutxons,%u\: ?
less so whén gomg from lo to 11 ) \ . i

. - : -
The quest:.on of dependem. ou"pucs can be Handled by considering the \followmg . E{
simple ‘Aq)a,s“e. ons;der 5 for exa..ple,‘ an-LRY with a simple resistive r.twork ,;
havang three depend.nt outputs, each secing. an infinite load_ impedande, as- - E
suming that 'all the resistors.are identical .and have .eqsal dissipations, :
the fa:..lurc; rates will be che same. The output dependenoy relaticnships cen, ' ;
be -calculated from the relative complexities of the, parts. Whenever outpgi: A. %

fails, there is a 50/50 chance that Rl has fai:@ed. This means that 3G per-

cent of the :ime, outputs B and C will be miseing also. Therefore, the de~

pendency with.2 can ‘be expressed by:

A3 Shes e Bws .

. output bependency With Output 2
] . A ‘ 508 B {_
A 50% Cc . H

E:is identically the seme type of output as A, and therefore: ?

. Output ‘ ‘Dependency With Output #

) o 508 i a
50% c §

vher output C fails,- there 1s a 1/5 c}}ance taat the failure will be due to

RL, causmg\A and B to.bc miSsing also. Therefore:
ot (;utgut - Dzpendency. With . *Nutput

¢ 208 A

20% B ’

!
H

- Iebs

If all three outputs arz not senséd (Jor instance, £ oniy A is sensed), the
percantage of isolated fuilures to tha total possible failures can be calcu-

lated in the form of the sensor evaluaticn coefficient as:

R -
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CHAP Z = ROOTS OF MAINWTATNABILITY

SECT 2B-- MAINTRINABILITY RCOTS DESIGN IMPACT

. A Pr1 + Pr2
S " F " F. 4P +P e
RL " Fr2 * Prz cct * Py

Assuming.that -the failure rates per resistor are all equal to one, this re-

‘duces’ to:
SEA
Similariy.
SEB
SE C

The nutputs, failure probabilities,

can be summarized as follows:

= 2/7
= 4/7

and sensor evaluaticn coefficients (ésc)

OQutpp:  Failvre Probability (P) Dependency -(D) on Cutput SEC
A 2 50% 2/7
A 2 50% [ 2/7
B 2 50% A 2/7
B 2 50% [ 2/7
(o 5 20% A a/7
(o 5 20% B a7

A generalized formula for the sensor evaluation coefficient for the first

substitution only is as follows:

For a sensor at A only

P 2 2
».
S TP F(P.-D P+ . -Dr) 2D FEDL T
A B BEB ol cc
For sensors at A and C:
P, + P, ~PD 2+5=1 6
s =-A_C__CC - - =
PA+PB+PC—pBDB-pCDC 24 2+45=-1=-1
123
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CHAP- 2 —"ROOTS-OF MAINTAINABILITY. L : ‘DN 281
'SECT 2B = 'MAINTAINABILITY ROOTS DESIGN IMPACT

This can be seen to be.coryect, for-sensoxs-at-A and C.will isolate;6/7 of the
total possible failures. In general, then, the sensoi,ev§1uation.coefficiept
can besfound from the quotient of the summatiéh of the ﬁqilufe»??obabilxgie;
of all unique ‘fault code faiiures by the summation.of allif}?lu;es, in-each
case subtracting out a single dependency product wherever two dependent in-

puts appear (either numerator or denominator).

The total merit.of any set of sensors can'bé ¢valuated by calculating a sensor
evaluation coefficient for a set of sensors and c¢omparing it with the coeffi-
cient for other sets. The higher tne coefficient, the better is-the sensox
set. Algo, the relative effectiveness of any particular iSTS system can-k:
ascertained by comparing its sensox evaluation coeffici.ent to the sensor eval-

uation coefficients of other systems.
2.8 Analoy Sensors

The sensor designs described below can be used individually or in cumbination
as "building bhlocks" to form a variety &f Sensors.

a. Envelope Detector

The circuit shown in section A of SN 2.8 (1) is an active envelope or video
detector useful for RF signals from 5 to 50 MHz. By properly selecting ratios
of Rz and RS' the gain can be selected anywhere between O and’ 25 dB. The
envelope rise and fall times are less than 1 microsecond so that the circuit

is useful for detection of video pulser eyual to or greatex than 1 microsecond.

This sensor design can be scaled for operation below 5 MHz by increasing the
values of the capacators in inverse proportion to the scaled frequency ratio.
For example, if a video detector is required for a 500 KHz signal, all four
capacitor values are increased by a factor of 10 (the ratio of 5 MHz to 500
KHzj). It should also pe recognized that the detector rise and fall times in-~
crease proporticnally so that, in the above example, the circuit will detect

video pulses of 10 microseconds ox greater.
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CHAP” 2 - RCOTS OF MAINTAINABILITY DN 2Bl
SECT 2B - MAINTAINABILITY ROOTS DESIGN IMPAZT

The detector design utilizes a buffer amplifier (Ql) to prevent. loading of

the test point. This stage is an inverting ampl.fier whose gain, G, is

1
6= —x—

for all reasonable transistor betas. Sensor gain can be selected by varying

g

Rl while leaving R5 at its nominal value. The coliector of Ql is AC coupled ‘

i

to a coaventional dicde detector. The output stage 1s an emitter followez

to limit the loading of thé detector and to provide a low impedance drive
signal to the evaluator,

b. Gated Video Buffer

The circuit shown in section B of SN 2.8 (1) 1s a gated video buffer for

genexal use as a lanear amplifier with an optio.nal gating input. When the

gating function 1s used, the amplifier output 1s zezo except during an "enable"
sigral, when the sensor performs noruwally. To eliminate the gating function,

the gate input terminal is left open and the circuit is coitinually enabled.

The sensor is gated off by grounding the cathode of CR2, which shunts ou: the

irput signal and maintains the sensor output at zero.

b e v o, B B o T D M 2 TR T A T s B

Sensor gain can be adjusted over a range of approximately 30 dB by altering

the ratic of RG/RS‘ The gain equation is

EPAA pudore

v e an

Where R —RS form an input attenuator and R

4 -R8 provide amplification. The

6
purpose of the input attenuator is to isolate the test point in the event of |

sensox failure. Adjustment Rlo provides a means of compeitsating the effects . i
of bias current through Rl and CR3. The use of this bias circuit results in

a linear amplifier even though the signals are injected through a diode gate.

PRSI
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CHAP 2 - ROOTS 3 MAINTAINABILITY DN 2B)

C'L‘ 7B - MAINTAINABILITY ROOTS DESIGN IMPACT

SUB-NOTE 2.8.4 (1) Analog Signal Amplitude Sensors 1

MV

MMT 918 |¢ pyLsE

IF PULSE
. ENVELOPE
{A} ENVELOPE DETECTOR
R 1
+12
R
7 R
(]
1 f 4K
12
.—.)} _r\_oumf
1
100 pf
£ ﬁg
200
NOTE: ALL DIODES HMG 9009
{8) GATED VIDEO BUFFER
Ry
10K
)
47K
12

R
W . :"; B> ed—y ™
¢ I £ I

(C) VIDEO DETECTOR

e

£

¢
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. . CHAP 2 - RCOTS OF MAINTAINABILITY DN 2Bl
a SECT 2B ~ MAINTAINABILITY ROOTS DESICN IMPACT

A compensation network R 1s provided to make the 702 operaticnal amplifier

971
unconditionally stable. These values can be adjusted in specific applications
by us.ng the guidelines provided in application notes and specification sheets

i for 702 operational amplifiers.

c. Video Detectox

-

The circuit shown in section C SN 2.8 (1) is a general-purpose video detector.

The circuit can be used as a peak detector tor sinusoidal signals, sgquare

3

waves, pulse trains, etc. The detector discharge time is approximately 10
mailiseconds so that repetitive signals as low as 1 KHz will be detected and
the DT output of the sensor will be directly proportional 'to the amplitude

of the input signal. The upper frequency lamitation is approximately 1 MHz.

The circuit functions for input signals ranging from 1 to 4 volts. Circuit

gain can be selected by adjustang the ratio of R2 and R, in accordance with

3
the following:
F3
Gain = 1 —eeeie—
Ry

k._l

The citcuit becomes a negative peak detector simply by :eversing diode CRl

but the gain equation ir unchanged.

Thas circuit is compensated conservatively by ¢, for general-purpose applica-

o A e b A SR e A bereda v £ ok o o D st

§

i

i 2 |
M tions. The operacional amplifier is simply a buffer for the already detected ‘ H
E signal so that there is no need for frequency rcsponse beyond approximately 4
>
t 1 KHz. g
Al ;
y
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CHAPTER 3
MAINTAINABILITY PROGRAM PLAN

This chapter coatains a deta.led task description of a

Plan. wath guidelines, methodoloqy, documentat

of the plan for the Multiplexer Set.

B R T R I o Eaidy o




e e e

/ i
i i
1.
E
MAINTATUABILITY CHAP 3 §
I 5
- |
- 1
CHAPTER 3 MAINTAINABILITY PROCGRAM PLAN { E
SECTION 32 - DETAILED TASX DESCRIPTION t ;
” . &
Design Nete 3AL --Purpose of Maintvainability Program Plan %
‘ 3
SECTION 3B ~ GUIDELINZS AND METHODOLOGY : A
{ Y
Design Note 3Bl - Discussion of Detailed Requirements of MIL-STD-470 23
i @
SECTION 3C - DOCUMENTATION RE(UFISMENTS ' k
Design Note 3C1 - Data Item Description ; ;
i g
| 4
SECTZION 3D -~ MULTIPLEXER SET MAINTAINABILITY PROGRAM PLAN EXAMPLE ! %
b p
i Design NWote 3D1 - Multiplexex Set Contractor Organization and Management ! i
; :
. :’ 3D2 - Multiplexer Set Maintainability Program Plan Tasks ! 5
’ 3D3 -~ Multiplexer Set Reviews, Reports, Milestones, and Cross-Index H ,
' A
. | 5
| i 2
! s i
X 4
i
I I
Y t f
| L
| P
f ;
! :
!
} ;
! .
| !
!
! b
\ N
A
S 129 g
1
4
!
i
t




t
CHAP 3 - MAINTAINASILITY PKOGRAM PLAN SECT 3A ““ 3

SECTICN 3a
DETALLED ThSK DESCRIPTION

This section describes the purpose and applicability of the maintairability
program plan.
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CHAP. 3 - MRINTAINABILITY PROGFAM PLAN . SECT 32
«SECTION: 3A . . - s .. DIFAILED. FASK DESCRIPT 0N

DESIGN NOTE 3Al - PURPOSE CF MAINTAINABILITY PROGRAM PLAN

1. GENERAL st j
1{l) Maintainability (M) Program Plan Task Checklist ’ .§
1(2) Contents of Maintainability Program Plan : 3:
2. APPLICABILITY i : j‘
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CHAP 3 ~ MAINTAINABILITY PROGRAM PLAN DN 3al
SECT 3A -. DETAILED TASK DESCRIPTION

DCSIGH NOTT 3A1 PURPOSE OF MAINTAINPBILITY PROGRAM PLAN

1. GENERAL

The purpose of the maintainability program plan is to ensure that a system or
equipment will be designed to meet the specified maintainability requirements

in an effactive, timely, and economical manner. It provides for a systematic

2nalysis of the maintainability effort and gives guidelines for meeting or

exceeding the specified requirement. To be effective, the maintainability

program must be integrated with the system/equipment design engineering pro-
gram to assure effective, timely, and economical accomplishment. The program
should be consistent with the type and complexity of systems cr equipment and

phase of the acquisition and shall ensure attainment of the contractual main-

taindbility requirements. The essential tasks that the program plan should

address are shown in SN 1 (1) and are discussed individually in Chapters 3

through 17. The maintzinability program plan contents are shown in SN 1 (2).

An example of a maintoinability program plan is included in Section 3D.

[ —— e e

: X4 PR PRI 5 s 6
e A ot oo SR T A 055 ot SRR IR S P

SUB-NOTE 1(1) Maintainability (M) Program Plan Task Checkl:.stL

* M Program Plan *M Design Criter:ia and

* Design Review specification Inputs

* M Allocations *M Predictions

o M Reports *M Design Audit

s Trade-Offs *M Demonstration Plan '
+ Special M Aralysis °%eg§r:znstranon-Conduct and

* M Model eM Data Collection Analysis

* Maintenance Concept and Corrective Actions

* GFE Integration
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CHAP 3 = MAIN')‘AINABILITY PROGRAM PLAN DN 31'\} 1
SBCT "3Ar~ DETAILED TASK DBSCP.IPTION g

RN Y 1)

o

-

. E W
SUB-NOTE.1(2) Contents of Maintainability-Program Plan1 o ¥
* Work to be accomplished.under.each task f’ T
e Time phasfmq of each task o E
¢ Contractor organizational element respongible for ' ‘:
implementing the maintainability program !
. 3

Lines of coumunication between thercontractor |
craamzatzon vesponsible for implementing the R
ma:.nta:.nabxhty program and other contracto: !
interfacing orgamz_at:.ons

¥
M
7

Appropriate customer-contractor program milestone
review points

.

P

Specific technique(s) for ullocating quancitative
requirements to lower level functional elements of
the system (group, unit, assembly, subassembly, etc.)

Specific technique(s) for maintainabilicy predictions
of quantitative requirements at Jower level functional
clements of the system

L]
o o B BT s wT

The general approach te be used in modeling the system or
equipment. i
Interfaces between the maintainakility program and i
other closely related programs (logistics, reliability,
safety engineering, etc.)

2. APPLICLBILITY

The requirements for a maintainability program plan apply to the development of
all systems and equipment subject to validation. 7hen validation is not in-

volred, the extent of a maintainability program plan's applicability should be {
specified in the Request for Proposal or Contract Work Statement, or both.
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,W

SECTICN 3B
GUIDELINES AND METHODOLOGY

This section describes the guidelines a.d me’choéology for preparing a main-

tainability program plan by Jiscussion of detail:d requirements cf MIL-STD-
470.
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SFCTION- 3B°

CHAP * - MAINTAINABILITY "PROGRAM PLAN

PREPARE THE MAINTAINABILITY PROGRAM:PLAN

BACKGROUND

DESIGN NOTE 3Bl - DISCUSSION OF DETAILED REQUIREMENTS OF MIL-STD-470

1.
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CHAP 3 - MAINTAINABILITY PROGRAM PLAN DN .3B1
SECT" 3B - GUIDELINES AND' HETFODOLOGY B

St

P

7.

. DISCUSSION OF DETAILED i
m:smu NOTE 351 . u@mmm'rs OF -m.-s'm-qm i

e N e e -

1. BACKGROUND }

AvES

<

M1L-STD-470 sets forta the requivements.for conducting 2 maintainability-pro-

PO

gram. The pcogrum reguairements of this stanfard-are discussed inithe fol-

Fo n nsih

<

lowing paragraphs.

4

2, PREPARE THE MAINTAINABILITY PROGRAM PLAN * P
¢

In response to a Rxquest for Proposzl (RFP), the contractor wils deccrike, ir

as much detait as appropriate, how he plans to conduct the maintainability

Rk e L

program. He will discuss how he intends to accomplish all of the applicable
and essential tasks of the program shown in SN 1{l) of DN 3Al, plus the perti-
nent information shown in SN 1{2) o. DN 3Al. When there is a contractox's
proposal for the Validation Phause, normal.y a preliminary maintainabiliiy ~
program plan will be submitted to the procuring activity. The contractor will (_
then- be expected to expand aad nndif§ the preliminary plan as necesss y during

the Validation Phase to produce the proposed maintainability program nlan that

CEARLe NI 20 e 2o

e A o &

will guide the maintainability program during the Full-Scale Development Phase.

P

Since the maintainability program plan describes how the contractor intends to
satisfy mission maintainability requirements, the plan is a factor in source
selection.

The maintainability program must be cousistent with the type and complexity of
the system or equipment and be inteyra*ed with the entire design engineering

effort. The maintainability program plan provides .he contractor with a means

P T L TE NV

for showing how he expacts to tailor the maintainability program to meet these
xequirements in an effective, timely, and economical manner., In describing M
the plarned interfaces between the maintainability program and othex closely Y
velated programs or efforts listed in the standard, there need be only enough :
that duplication of effo.t will be avoided and contiraiity

information %o show
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CHAP. 3 ~ MAINTATNABILITY PROGRAM,PLAN : LN 3Bl
SECT 3B - GUIDELINES AND METHODOLOGY ’

L%

e st s Rt

belween wnterrelated functional responsibilitics, irrespective of erganiza-

tional boundaries, is assured. ,The-standard is flexible with' regard to what

portions of. thg:dgl‘an become part of a full-scale (ievelopxﬁent contract. The

plan may be contracted for in whole or in part, depcnd:fng upon mmtval agree~
ment between the contractor and the procuring agency. It is important to
assure that necessary i)asj;c tazks are prope ly interpreted and mutually under-
stood, to gave the procuring activity confidence that maintainability require-
ments.will be met at the end of the Full-Scale Development.Phase. At the R
same time, this gives the contrxactor the flexibility he needs to avoid the

necessity for formal changes in the future.
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* -CHAP.:3:~. MAINTAXNABILITY "PROGRAM PLAN SECT 3C

SECTION 3¢

- ‘DOCUMENTATION ' REQUTREMENTS, }

*

R
"A:?ﬁ Frdianiek

'

7

'ifhis section qggcg.}bestﬁg documenta .ion x‘:eqm:.rements vwhich may. be calle’ for

in an RFP. It includes the.data item.
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CHAP 3 - MAINTAINABILITY PROGRAM,PLAN DN, 2C)
SECT:3C > DOCUMENTATION REQUIREMENTS ‘ "o

DESIGN NOTE 3Cl L . " DATA ITEM-DESCRIPTIONS

>

1. GENERAL

The data item for the maintainanility program plan is containgd in-SN 1(1).
This is the data item that would be ‘listed on Contcact Form DD-1423, where
one is called out, for a maintainability program plan.
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CHAP 3 - MAINTAINABILITY PROGRAM PLAN DN 331
SEC: 3¢ - LOCUMENTATION REQUIREMENTS
SUB-NOTE 1 (1) (Shu:t 1 of 2 sheets ) Data Item Descnption I
DATA ITEM DESCRIPTION B iotumricanisy wous
ASENCY NUNBER
1. tITLE - - e E— ~ 3 - M
N USAF ¢« DI-R+~3533/
Peliabilizy/Msintainability Program Plan Rv101-2
(3. OES.RIPTIO/ PURPERE T APPRGVAL GATE
This Plan is used by the nrocuring activity (1) to evaluate 21 May 1971

'1. ABPLICAVIOK/ I TEAREL ATIONSHID

T, PREPARATION 146 TAUC TIONS

the contractor's planning for his Relizbility/Maintainability [+ 3"-5:3;" ARY
Progran, (2) to review sna approve the coniractor's.planned
Reliability/Msintainability Program, and (3) to monftor AFSC

snd evaluate the contractor's conduct of his Reliabilaty/ ¥ opC REGUIAED
Maintainabilicy Progzam,

0. APPROVAL CIMITATION

This Data Item Description is anplicable to systems
development contracts durine contract validation, full

and approved by the procurine activitv, the specific
requirements of this Data Item Descrintion nay be
satisfied by supplementing the arior nlan.

scale develor and nroduction ph and equipment § Rz Ne s Gamdatery oo cied 17
development/procurément contracts wher contractors an

required to conduct a Reliability/taintainability Progian, MIL-STN=470

This plan may be obtained either nrecontractually, durine MIL-STD-471

the RFP/IFP phase, or as a mroduct of the validation phase, MIL-STP-721

when a prior reiiability proeram plan has heen proposed MIL-STD-735

MCoL HUMBERIN

1. The Reliability/'faintainability Program Plan contains the nlans for the accornlish-
ment of each Reliability/*aintainability Pronrar task specified by the contract.

The plan will provije a cross-index, in accordance with the “sliowing outline,

which shows the relationshins between program tasks and (1) anplicable specifications
or standards cited by the contract work statement, (2) other reference documents,

and (3) contractor policies and standards:

Forrat for Proeram Plan Cross-Index

Ref Para of Applicable Task Other Company Estinated
HIL-STP-785 or Para No of Reference Policinus, *anloading

and/or Proaram Plan Docunents Procedures for 1st ‘onths
VIL-STD-470 § Controls )

2, The nlan shall also fdentifv and definc the following as a minimm:

a, The wark to be accomlixhcd for each annlicahle task delineated in "IL-STD-745
and MIL-STD-470.

b. The tire nhasine and manloadine involved,

¢. The contractor arcanizationa! clement assieoned resnonsibr)ity <nd -uthority
for imnlenenting the Reliabilitv/'vaantainability Prosram,

d, Lines n€ commmnicatinn between the enntractor orpanizational element
resnonsible for irmlenentin~ the nrncra- and a .er contractor interfacine oreaniza-
tional elerents.

e, Apnronriate customer-contractor orroran milestone revisw nnints,

£, ‘tlethod of control over suhcontractor and vendor rveliabilicv/rarntainability
prorrars,

DD .**.1664
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CHAP 3 - MAINTAINABILITY PROGRAM PLAN DN 3C1
SECT 3C - DOCUMENTATION REQUIREMENT3

- P
SUB-NOTE 1 (1) (Sheet 2 of 2 sheets) Data Item Description l

o e T

DI-R-3523/R-101-2 (Continued)
10, Preparation Instructions (Tont).

¢, The nurposz and exnected resuls 2f each task and the planned matkods
for nonitoring, assessing, repprtin;z, and takina anpranriate action zepardineg
the status, accomnlishments, and nroblenms,

h., Specific techniques for allocating quantitative requirements to
lower level functional elements of the systenm (subsysterm, assembly, ov
. components) .

i. Specific techniques for wmaking reliabllitv/maintainability predictions,

j. Proposed methods for deronstrating the achicvement of aquantitative

reliability/raintainability requirements,

3. The nlan shall identify and define interfaces between the Reliability/

RS

¥

i Maincainability Program and the “ollowing closely related nroprams or ?,§f
elements: %

@

i a. lLngistics sunnort evaluations, 3
3

I, Personnel Subsystem Pregram,
¢. Svstems ennineering,

d, Systems/cost cffectiveness analvsis,

e. Systen life-cvele cost analvsis. 1
f. Desien engineering. }
H g, Value cnpineering.

h. Data collection and apalysis nrocedures,

142 A
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CHAP 3 - MAINTAINABIVWITY PROGRAM PLAN SECT 3D

SECTION 3D MULTIPLEXER SET:MAINT,INABILITY PROGRAM PLAN EXAMPLE

DESIGN NUTE 3Dl - MULTIPLEXER SET CONTRACTOR ORGANIZATICN AND:MANAGEMENT
1. ORGANIZATION AND MANIGEMENT

1 (1) Reliabilaty and Maintainability Organization

1 (2) The Contractor's Functional Organizataon

2. PROGRAM CONTROLS

DESIGN NOTE 3D2 - MULTIPLEXER SET HAINTAXNABILITY PROGRAM PLAN TASKS
1. GENERAL

2, ANALYSIS

3. MAINTENANCE CONCEPT AND PLAN INPUTS

4. MAINTAINARLLITY DESIGN CRITERIA

S. DESIGN TRADE-OFFS

6. MAINTENANCE TIME PREDICTIONS

7. SUBCONTRACTOR AND VENDOR MAINTAINABILITY CONT:ML

8. INTEGRATION WITH GOVERNMENT OR ASSOCIATE CONTRACTOR ITEMS (
9. DESIGN REVIEWS

10. DATA COLLECTION, ANALYSIS, AND CORRECTIVE ACTION

11. MAINTAINABILITY DEMONSTRATION

12. MAINTAINABILITY PROGRAM STATUS REPORT

13. PROJECTED MAINTAINABILITY PROGRAM

DESIGN NOTE 3D3 - MULTIPLEXER SET REVIEWS, REPORTS, MILESTONES, AND CTRCSS-INDEX
1, PROGRAM REVIEWS AND REPORTS

1 (1) Maintainability Program Reports

2. PROGRA! MILESTONES

2 (2) Muitiplexer Set Maintainability Milestones

3. SPECTFICATION/PLAN CROSS-INDEX

¢ T RS AR 3 TRE 1 e T Tk AN kB e T IAT e S AKX

3 (1) Miintainability Specification/Plan Cross—-index

PP S P g

144 |

e e




CHAP.3 - MAXNTAINABILITY PROGRAM PLAN » DN 3pL
SECT.3D - MULTIPLEXER SET MAINTAINABILITY: FROGRAM FLAN-EXAMPLE

DESIGN NOTE 3Dl MULTIPLEXER SET CONTRACTOR ORGANIZATION AND MANAGEMENT

1. ORGANIZATION AND MANAGEMENT

Reliability and maintainability responsibility-at-thi .oncractor's facality is
chartered to the Vice President of Technical Operatiuns. The structure of the
crganization and its relationship to.the Multiplexer Set Prcject is shown in
SN 1(1). The kéy personnel responsible for the Multiplexer Set reliability
and maintainability are identified by name in Si 1(1).

Maintainability-program application at the contractor's facility is the respon-
sibility of the Logistics Division. The:-Logastics Division is comprised of
foar operating departments, each separated into project and functional staff
support elements. These departments include logistics Engineeraing, Technical
Publications, Training and Field Service, and Supply Support. A Iogistics
Manarrer, assigned to the Multiplexer Set project, directs the activities of
these departments in fulfillment of contreactual logistics requirements. 1In
support of the Multiplexer Set Logistics Manager, functional managers for

each of the logistical disciplines.assign technically qualified personnel and

provide staff support in the form of technical research and consultation.

Application of maintainability and maintenance engineering programs is the
specific responsibility of the Multiplexer Set Logistics Engineering organi-
zation, Integration of these closely related areas provides appropriate con-
tinuity of maintainaliiity and maintenance analysis, planning, and documenta-
tion, starting with predesign study and .ontinuing through successfal comple-
tion of system acceptance testing. Logistics Engineering also acts as a
tachnical coordinating and review elemert for other logistics organizations,
such as Publications and Spares Support which become most active in latter
design phases.

a8 e o SO
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Personnel in all applicable disciplines are assigned to the Maltiplexer Set.

e

These specialists form a project team, with both formal and informal working
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‘CHAP"3 ~ HMAINTAIMABILITY PROGRAM PLAN Vi-301
SECT 3D </MULTYPLEXFR' SET MAINTAINABILITY- pxocnm PLAN EXAMPLE

interfaces. Zcrzal -iines ’g-fuc'om‘municatiqn,be«fween reliabilicy, maintainability,.
i

and related-discipiines aré maintaired at the:manager level, while day-to-day

lnfo_rml’ interfaccs are  established between project team momkers at all levels.
All Mi tipleker. Set personnel work in the same avea and are in constant con-
‘ [N

* tact with-eath othex:

The ralationship of reliability and ma.ntainability to other related company
organizations and-fhnctigqs is shown in SN 1(2). All-pertinent organizations

are within the Technical Operations bPivision.

2.. PROGRAM CONTROLS®

The maintainability progran.\ will be controlled tlirough formally scheduled

program reviews, detailed task schedules, and review of program reports..

These subjects are presented in detail in DN 3D2-and BN 3D3.

N

The technical specialists assigned to the Multiplexer‘Set.program are.respon-
sible for.assuring that each task is completed in & competent, timely, ahd

accurate mannexr. Each task 1s individually scheduled by project programming.
Complete Multiplexer Set program schedules are issued tc all program task
leaders, including the reliability and maintainability specialaists. Weekly '
program review meetings are held, during whach the progress of each scheduled

item 1s repocted to the program management. The program schedules are revised
and reissued as appropriate. 1In this manner, tasks are assured of being com-
pleted on schedule and problem areas are brought to management attention and
are resolved in a timely menner. When a scheduled task is completed, the
corpletion date is recorded in the program schedule and the schedule becomes
a record of the accomplished tasks.
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CHAP 3- - MAINTAINABILITY PROGRAM PLAN DN 3D2
“SECT 30 - MULTIPLEXER-SEL MAINTAINABILITY- PROGRAM PLAN: EXAMPLE

DESIGN NOTE 3D2 . . _MUL™IPLEXER .SET MAINTAINABILITY PROGRAM PLAN TASKS

7 an e -~ g Y s s PR R ~ e

1. GENERAL

This-Design Note contains the maintainability program‘plan for the Multiplexer
Set and ancillary equipments. Format is ccnsistent with the require-~

ments of AFSCM/AFICM 310-1, Data Item R-101-2. The specific tasks to

ke accomplished during application of the Multiplexer Set maintainability
program are addressed in subsequent paragraphs.

2, ANALYSIS .

An analysis of the maintdinability -requiremenis g¢stablished By the contracc
and Specifications RADC 5265 and 5266 will be accomplished. Based on the
results of this analysis, detailed maintainability constra.nts will be defined
for inclusion in Part I Configuration Item (CJ) specifications for the

Multiplexer Set ancillary rate conversion equipments.

These constraints ws1l be in both qualitative and guanticative dimensions,
with quantitative constraints being suitakle for demonstration in accordance
with MIL-STD-471, Methed 2.

The quantitative requirzments associated with the Mul tiplexer Sot aud ancillary

rate conversion equipments are as follows:

a. Mean corrective maintenance time (E;t): 12,0 minuntes

b. Maximum corrective maintenance time (95th percentile}

(Mmax ct): 36.0 minutes

These requirements will be allocated to the multiplexers aud demultiplexer
level, using two forms of data:

a. An cstimate of the average maintenance time expected for one equipment
relative to another.

b. An estimate or apportionment of the failure rate distribution among the
equipments when configured ag a system or set.
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CHAP 3.- MAINTAINABILITY PROGRAN PLAN DN 3D2
SECT 3D - MULTIPLEXER SST MAINTAINABILITY PROGRAM PLAN EiAMPLE

Nerther of the.above need be kncwn in terms of real values such as rminutes of
downtime o failures per hour. Relative maintenance time is estimated in torms
of a value x, and estimated failure rate in terms cf failure percentage asso-
ci.ated with each equipment. The Iollowing example illustrates the allocation

technique to be used:

EXAMPLE
Assume a system comprised of two equipments which, 1i combination, must demon-
strate a mean corrective maintenance time di_t) .f£ 12,0 minutes. Let an

estimate of the E; associated with one equipment equai a value X. Further

t
assume that due to complexity, type, or other factors, the estimated Mct of
the second equipment relative to the first i1s one and one half times that of

the first (1.5x).

When the two equipments are configured as a set, let the first be expected to
contribute 75 percent of the total failures, with the second contributing the

remaindex.

That portion of the allowed 12.0 minutes system ﬁ;t to be .llocated to each
equipment can then be established by solving the f~llowing equation for x.

(x) (0.75) + (L.5x%) (0.25) = 12.0 minutes
1.125 x = 12.0

x = 10,67 minutes

Hence, the allocated E;t for the first equipment is x or 10.67 minutes and

for the second is 1.5 x or 16.01 minutes,

Allocation of the Mmax ot

requirement will maintain the 3:1 {3b.0:12.0) ratio
associated with the specified mean and maximum downtime requirements. fThus,
should the allocated mean downtime for cne of the equipments comprising the
multiplexer set be 10.0 manutes, the allocated maximum Qowntime fo. that

equipment would be (3) (10) or 30.0 minutes.
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CHAP 3 - MAINTAINABILITY. PROGREM PLAN . :DN:3D2
SECT 3D ~ MULTIPLEYER SET.MAINTAINABILITY PROGRAM..PLAN. EXAMPI.E .

0
v
s

Based upon input data such as operational and support"cohcepts,'the‘ma;ﬁgqiné . y
ability-analysis will also translate environmental, facility, pérsonnel-and- ‘
other support-related requirements into detailed qualitative and quantitative
maintainability constraints.

W
5o seatenl
25468 AN

P

- 241
In addition to the evaluation and assignment of qualitative and quantitative . “i
constraints, the maintainability analyeis effort will include: N '§
a. Assessmént of design details in support of prediction preparaticn. ‘ ;

b. Evaluation of design alternates in terms >f their respective maintainability
impact.

3
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¢. Selection of maintainability demonstrscion -task.samplesz and reduction of
observed data.

Analysis findings will be incorporated in the Reliability and Maintainability
Allocations, Assessments, and Analysis.Report.

s e i A s — — T

- 3. MAINTENANCE CONCEPT AND PLAN INFUTS

Consastent with the maintenance philosophy, maintenance planning inputs will
be provided for use in development of the training analysis, spare parts se-
lection, and preparation of technical manuals. This effort will address organ-
izational and field maintenance levels, id.ntification of regquired types and
quantities >f support equipments, and frequency and type of required main-
tenance tasks.

The quantities and types of skills rcequireG will be addressed as a part of
the trainung analysis.

It is assumed that the Multiplexer Set equipments will be located a. Govern-

ment installations having existing maintenance support facilities. Therefore,

facility requirements for the Multiplexer Set will be defined in terms of

et

recommended work area size and support equipment power requirements only.
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SECT 3D ~ MULTIPLEXER-SET,MAINTAINABILITY PROGRAY PLAN EXAMPLE

Maintenance planning-information will be formally documented’in the form of
the Aerospace; Ground Equipment .(AGE): Plan, AGE Recommendation Data .(AGERD),
and the Calibration-Requirements Sumsary (CRS).

4. MAINTAINABILITY DESIGN CRITERIA

Based upon results of the continuing maintainability analysis effort, detailed
maintainability design criteria will be provided to the Multiplexer Set.design

organizations.

Where appropriate, criteria application techniques and procedures will also

be provided by the Multiplexer Set maintainability organization.

Following the Initial allocat i and specification effort, maintainability
audit .and analysis will continue throughout the development and testing inter-
val. Such effort provides a basis for assessment of the evolving design in
terms of specified maintainability constraints and recognized maintainabiisty
design principles. Where analysis tindings indicate the deviation or potential
deviation of ultimate desagn performance from such acceptable limitations, sup-
plemental design guidance will be initiated by the program maintainability
organization. This guidance will take two basic fcrms: personal liaison and
coordination between design and maintainability personnel, and guiadance docu-
mentation to responsible program management. The latter form will be used
where the former does not yield .cceptable design alteration. The contractor's
date collection systea will include a separate file of such documented guidance.
This coordination and documentation effort, based upon results of the repeti-
tive maintainability audit and analys.s, represents the generation of design
criteria and guidance supplemental to that contained in the end item specafi-
cations.
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CFAP :3 = MAINTAINABILITY PRS)GRAM PLAN

DN 3D2
- SESY 3D “ MULTIPLEXER-SET-MAINTAINABILITY PROGRAM PLAN EXAMPLE '

5. DESIGN TRADE-OFFS

A trade.study will bé performed fo. purpcses of defining the most cost effec-
tive dispositior mode for printed circuit cards ard modules comprising the-
Multipiexer Set. Alternates to be considered by this study are discard-at-

failure (DAF) and repair of failed items at a depot or factory- level facility.

The study will address all such itexs collectively rather than individually,

and will.be based:upon deployment- density and Jocation information provided

by the procuring activity.
Reference material contained in AFLCM/AFSCM 800-4, Optimum Repair Level
Analysis, and RADC-TR-68-187, Maintainability of Micro Circuit Equipment :
will be used as a guide during study accomplishment. M
The study format will be selectel by the contractor, and study findings will z{
E be appropriately documented in a maintainability program status report. %
B2
’\’ Other trade-o“fs between candidate approaches to specific design require- §
§ ments will occur frequently during the active design interval. By virtue ;;
g of their quantity, and the expediency required for their completisn, such é
' trades will be largely conducted in an informal mannex by means of personal ;f
%
t contact and coorzdination. ‘ &é
; 4
¥
When such trades involve packaging, fault isolation, or other areas having : J
' 3
} maintenance significance, maintainability will receive appropriate conrs:dera- !
! =
i tion in the selection process. 3(
¥
5
! If analysis indicates that the selection process has yielded an unacceptable H
% compromise to the Multiplexer Set maintainability performance, such findings £
f will be addressed to responsibie program management for resolution and will f
! be suitably included in periodic maintainability status reports. “
i 3
! :
3
i
4
!

P
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CHAP. 3 —-MAINTAINABILITY PROGRAM PLAN B DN.3D2
‘$BCT 3D ~ MULTIPLEXER SET MAINTAINABILITY PROGRAM .PLAN EXAMPLE

6. MAINTENANCE TIHME PREDICTIONS

Maintenance time predictions will be prepared for the Multiplexer fet and
éncillary~ratg conversijon equipments. These predictions will be prepared in
accordanhe with Method III of MIL-HDBK-472, or other.methods approved by the
procufing activity.

Predictions will be initially pxepared early in the design phase and will be
appropriately upiated as design details.become fixm or are significantly
modified by the design trade-off process.

Predicted maintenance time values will oe included in periodic maintairability
progress xeports.

7. SUBCONTRACTOR AND VENDOR MAINTAINABILITY CONTROL

Vendor and/or subcontractor items compriszing the proposed Multiplexer Set
‘design are primarily of a piecz part configuration and are combined into main-
tenance-significant items such as modules and printed cireuit cards at the
contractor's manufacturing facilaty.

However, acquisition of any maintenance-significant components will be accom-
plished, using appropriate specification and control of maintainability
characteristics.

8, INTEGRATION WITH GOVERNMENT OR ASSOCYATE CONTRACTOR XTEMS

In the interest of establishing and waintaining an effective system support
posture, interface of the Multiplexar Set equipments with existing equipments
and facilities is of particular interest to the iontractor's maintainability
organization., Procuring activity information and recommendations in this

area are considered both desirable and necessary.

Fuctber, in the event Government or associate contractor items are integrated

into the Multiplexer Set, impact of this move upon maintainability performance
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CHAP 3 - MAINTAINABILITY PROGRAM PLAN DN -3D2
SECT 3D - MULTIPLEXER SET MAINTAINABILITY PROGRAM PLAN EXAMPLE

will be analyzed, using .tem performance data supplied by the procuring

activity. Any inconsistencies between maintainability performance of these

items and the Multiplexer Set equipments supplied by the contractor will be

|
[
i

.“.<_....
SANRIE N

1dentified and documented, with appropriate corrective recommendations, to

the procuring activity for dispusition.

P IRASR RS P e e T W LA st s 4 e i oA o S KN Kt

9. DESIGN REVIEWS

B=sed upon requiremeats set forth by internal operating policies, review of
engineering progress and status is made at appropriate stages in the Multi-
plexer Set development program. These Internal reviews are augmented with

formal preliminary and critical design reviews in which procuring activity

representatives participate,

The contractor maintainability organiration will be represented in all such
reviews, assuring appropriate consideration of maintainaoility performance

in the evolving design. ~

10. DATA COLLECTION, ANALYSIS, AND CORRECTIVE ACTION

“

During the Multiplexer Set maintainabality program, a data collection,

analysis, and corrective action systtem wi.l be initiated and maintained.

SNk et

The specified prediction technigue outlines preferred data formats. Demon-
stration data will be documented in accordance with an approved plan yet to

be developed. Therefore, this data system wil) serve primarily as a vehicle

for documenting potential maintainability design deficiencies and the disposi-

tion status.,

The format of the data system to be used will be selected by the contractor.

L

When actual or potential maintainability design deficiencies are noted during

et

the continuing design audit effort, they will be documented for analysis.

Based on analysis findings, appropriate corrrctive recommeudations and their
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CHAP 3 - MAINTAINABILITY PRCGRAM PLAN DN 3D2
SECT 3D - MULTIPLEXER SET.MAINTAINABILITY PROGRAM PLAN EXAMPLE.

implementation status will also be recordéd. This arrangement will provide a

single coordinated source for data of this type.

11. MAINTAINABILY1TY DEMONSTRATION

Compliance of the Multiplexer Set, rate conversion equipment, and power sup-

plies with the specified E;t of 12.0 minutes and the specified M £

max ct ©
36.0 minutes (95th pexcentile} will be formally demonstrated in accordance
with MIL-STD-471 (Notice No. 1). Complaance of the Multiplexer Set equip-
ment design with specified qualitative maintainability requirements wili also
be formally demonstrated by means of ejuipment inspection or testing, data
analysis, or other methods as set forth in the quality assurance sections of
applicable CEI specifications.

A deronstration will be conducted, using a contractor prepaced maintainability
demonstration plan approved by the procuring activity. Plan preparation will
provide for demonstration in accordance with MIL~STD-471 (¥otice No. 1), Test
Mathod 2, with the consumer risk set at 10 percent. Demcnstration plamning,
implementation, and documentation will be the responsibility of the Multiplexer
Set maintainability organization. When appropriate, this or¢anization may be

assisted by the design and support elements associated with the Multiplexer
Set program.

Contractor personnel will conduct the demonstration, using validated technical
manuals and spares and support equipments consistent with the support concept
defiaed during the system development interval. These personnel will match,
as closcly o3 possible, the skill level and experience expected of their Air
Fooce operational maintenance counterparts.

*he maintainability demonstration will be accomplished, using not more than
two of the first eighbt Multiplexer Sets. Equipment configuration will be the
same as that used for the reliability qualafication test.
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SECT 3D - MULTIPLEXER SET MAINTAINABILITY PROGRAM PLAN EXAMPLE

t

4

CHAP 3 - MAINTAINARILITY PROGRAM PLAN DN 3D2 1
i

§ Preparation of the maintainability demonstration plan will be in accordance , g
| with DD-1423, Sequence Number BCG3l. Not moxe than 45 days follewing comple- | %
: tion of the maintainability demonstration, a maintainability demonstration g
1 report will be prepared and submitted in accordance with DD-1423 Sequence §
; Number B035. This report will contain demonstration f£iIndings an accordance é
! with MIL-STD-471 (Notice No. 1), paragraph 4.5. I{ demonstration findings ?
i provide the basis for a reject decision, the demonstration will be stopped é

and the procuring activity immediately notified. Appropriate corrective 3

action will then be planned and implemented, and demonstration testing will be

P rent N TN AN Y TH TTRAAINRIL % e S RIS et RS Tl

resumed or reinitiated.

i 12. MAINTAINABILITY PROGRAM STATUS REPORT

At quarterly intervals following submittal of the initial reliability and
maintainability allocations, analysis, and assessments report (DD-1423,

Sequence Number B027), a maintainability program status report will be sub-

mitted in accordance with DD-1423, Sequence number B033. This report will be

combined with the reiiability status report and will convey that information

set forth in the data item as well as updated material initially submitted
under DD-1423, Sequence Number B027,

13. PROJECTED MAINTAINABZLITY( PROGRAM

RS

Maintainability efforts which are applicable once initial design, test, and

production phases are complete are essentially twofold:

RS

a. A continning assessment of maintenance performance in the field environ-
ment.
b. Ipcorporation of modifications, as required, in a manner having acceptable

impact upon overall equipment maintenance performance.

These efforts, while not provided under terms of the current contract, are
typically provided in part by the developing contractor subject to separate

negotiacion.
157
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CHAP 3 - MAINTAINABILITY PROGRAM PLAN ’ DN .3D3.
SECT 3D - MULTIPLEXER SET.MAIMTAINABILETY PROGRAM -PLaN r,xmpm

MULTIPLEXER SLT REVIEWS,

DESIGN NOTE 3D3- REPOR’[‘S, M!LES’I‘GNES AND CROSS-INDEX

1. PROGRAM REVIEWS AND REPORTS §
Program reviews will be héld in conjunction with the-management and engineer- 2 :
ing presentations:which are scueduled at 45~-day -intérvals until the critical é ig
design review and at 90-day intervals- thereafter. The éubjects to be covered ‘éi
1n these reviéws inclule program status in' relation to major milestones, ;%

Ly

design status, cu.rent problem areas, and proposed solutions. These periodic

o

program reviews-will sexve as a planned, systematic audit of the programs at

P
i
)

key nilestones thxoughout the effort, and thus will ensure its integraty and

«

adhe te.ice to system requirements. The maintainability specialists will nor-

€ SRk AD A Ko 50 T3 Reh Ak e e B e NS B

mally present their respective technical data at these meetings,

Reports will be submitted in accordance with the contract data r»quirements ‘

list, Form DD=1423. The reports to be Submitted are identificd in SN-1(1).

i
2. PROGRAM MILESTONES (j

The milestones and related schedule for the maintainabality prcgram tasks
descrabed in this report are snowr in SN 2(1). Program tasks are shown in

Yelation to the major Multiplexer Set prograr milestones.

3. SPECIFICATION/PLAN CROSS-INDEX

A cross=-index relating specifications and requirements for the maintainability

e

program and the paragraph in which the requirement i3 discussed in this plan

is shown in SN 3(1).
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CHAP 3 = MAINTAINABILITY PROGRAM PLAN

SECT 3D - MULTIPLEXER SET MAINTAINABILITY PRCGRAM PLAN EXAMPLE
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CHAPTER 4
DESIGN REVIEW-

This chapter contains a detailed.task déscription, guidelines, methodology,
and procedures for design reviews from the maintainability Viéwpoint., It
also ‘has.an example o?:“a presentation for a design review and minutes of a

design review meeting for the Multiplexer Set, sample- system.
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CHAP 4

CHAPTER 4 DESIGN REVIEW

SECTION 4A - DETAILED TASK DESCRIPTION

Design lNote 4A) - Design Review Structure

SECTION 4B ~ GUIDELINES AND METHODOLOGY

Design Note 4Bl - Objectives of Maintainability in the Design Review
SECTION 4C - PROCEDURES

Design Note 4Cl - Maintairability Design Review Checklist

SECT™ON 4D - MULTIPLEXSR SET DESIGN REVIEW EXAMPLE

Design Note 4D1 - Presentation for a Crit.ical Design Review (CDR)

4D2 -~ Preliminary Design Review (PDR)
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CHAP 4 - DESIGN REVIEW . SECT 2A°

SECTION 4A
DETAILED TASK DESCPTPTION

This section contains a.description of the maintainabili:y design-.review tasks

and outlines the design review board activity. N
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CHAP 4 = DESIGN REVIEW SECT 4a

SECTION 4A DETAILED TASK DESCRIPTION

DESIGN NOTE 4Al - DESIGN REVIEW STRUCTURE

1. INTRODUCTION

2. MAINTAINABILITY ENGINEERING DESIGN REVIEW RESPONSIBILITIES
3. DESIGN REVIEW INPUT INFORMATTON

4. DESIGN REVIEW OUTPUT INFORMATION

4 (1) Surmary of Major Design Review Considerations
S. DE%IGN REVIEW PROGRAM
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CHAP 4 - DESIGN RIVIEW

DN 431
SECT 4A ~ DETATILED TASK DESCRIPTION

DESIGN NOTE 4Al DESIGN REVIEW STRUCTURE

1. INTRODUCTION

Design reviews are conducted throughout the product design cycle, in accordance
with contract requirements, as an integral part of the contractor's system eny
gineering review and evaluation program. The reviews are conducted so that

particular aspects of the work nr the entire system car be reviewed by a De-~

sign Review Bonard, an objectiv.. group of program persontel and specialists in
the particular field. Reviews are scheduled and the bozxd is appointed by
the contractor's program management, uvpon recommendatiors ol ‘he various

specialty groups, in order that deficiencies in equipmert can be recognized

to facilitate the implementation of timely and beneficial corrective action.

In addition to the chairman, the Design Review Board may include, but not be

limited to, representatives of the following organizations: Maintainabilaity,

Reliability, Test and Evaluation, Design and Development, Manufacturing En-
gineering, and Quality. Consultants from outside agencies, vendor and sub-
contractor representatives, and military personnel may be inciuded if ap-

propriate. It is important that appointed representatives be technically I
qualified but not be so closely related to the product tiat an objective

viewpoint is precluded.

Examples of the factnrs to be considercd in a review (not necessarily in

order of priovity) are reliability, cost, environmental cdesign, maintain-
ability, human engineering, system concept, producibility, quality, test

philosophy, installation, electrical design, mechanical Jdesign, thermal,

safety, and standardization.
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CHAP 4 ~ DESIGN REVIEW DN 421
SECT 4A ~ DETAILED TASK DESCRIPTION

2. MAINTAINABILITY DESIGN REVIEW RESPONSIBILITIES

The activities that should be performed by the maintainability engineer as
part of his design review responsibility are as follows:

a. Prepare and present quantitative assessment of maintainability.

i, Prepare and present task analyses, if required.

c. Prepare and present a list of design features that are most detrimental
to maintainability or constitute a safety hazard.

d. Report any changes in mainterance corcept or support aquipment required
as a result of design changes.

e. Present results of any trade-off analyses in which raintainability was a
major contributor or impacted.

£. Recommend de.:iga changes that will amprove maintainaJility or that w~ill
trade off excess maintainability to elaminate inadequacies in other areas.
g. Present interface problems.

h. Report progress toward milcstones.

1. Report on personnel and skills required for system operation and mainte-~
nance.

3. Define preventive maintenance and corrective maintenancg reguirements,

3. DESIGN REVIEW INPUT YINFORMATION

Information provaded to the review team prior to the review must describe the
item being xeviewed and its requiremente and intexfaces. For example, compo-
nent rwview for an item built in hous. might require the following documenta-
tion:

a. Detai) drawing (pactorial representation, descriptions of required
materials, finish, dimensions, tolerances, fabrication, and assembly in-
structioas, etc.).

b. Installation drawing (general configuration, attaching hardware, and in-

formation to locate, position, and mount the item).
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CHAP 4 - DESIGN REVIEW DN 4Al
SECT 4A - DETAILED TASK DESCRIPTION

c. Carcuit schematic Giragram (function symbols with interconnections to 1l-
lustrate circuirt operation).

d. Component specification (functional characteristics and test requirement.
e, ©Data on parts and materials application.

f. Subsystem (or system) specification (for interface functional character-
istics and test requirements).

g. System design data report (system descripticn and specific design require-
ments such as space and weight considerations, mounting requirements, special
environments, design and checkout requirements, maintenance provisions, etc.).
h. System design criteria report (general design philosophy and ground iul=sj.

i. Reliability analyses and failure mode and effects anclyses.

The las* four documents listed provide interface information and should re-
flect the latest equipment operational profile. One task of the review ef-
fort will be to verify that all changes in the equapment's operational profile
have been implemented aid that the component requirements have been reeval=-
uated. The majcr rroduct o such a reevaluation of component requirements is
assurance that the design is capable of perxforming any new task under possibly
increased environmental stresses. The reevaluation also givas assurance that
major design simplifacations have been accomplished, when possible, to take
¢dvantage of associated reliability and c ost benefits. This discussion as
included here since the proposed evaluation of mass:on changes should be per-
formed in the preparatory phase rather than during the design review meeting.

The devotion of any portion of the design review effort to obsclete design
criteria is thus avoided.

Subcontactor items receive similar consideration, cxcept that the effurt is
usually divided into twe phases: one at the contractor facility and one at
the vendor facility. The ini*ial phase includes revew of interface and jnstal-
lation documents, as described akove, to confirm the accuracy of the Zequire-
ments in the c.mponent (or procurement) specification. The procurement speci-

fication is usually expanded to include not only performance requirements but
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CHAP 4 - "DESIGN REVIEW DN 4A1,
SECT 4A - DETAILED TASK DESCRIPTION

component details such as external dimensions, finish, mounting surfices, and
simplified schematics, with specific design detail being left to the vendor,

who must document and incorporate them into the specification.

In addition.to the specific documents referenced above, a review requires
other, .wre general types of in{ormation. Documented results of prior re-

views, with management approval or disapproval and summaries of followup

action, provide topins for current discussions. The designers must bring to
the review all pertinent supporting data; e.g., design and laboratory note-
books, test reports, analyse§, results of part and material application re-
views, etc. Similarly, the reviewer should ke prepared tc support his posi-

tion with data.

4. DESIGN REVIEW CUTPUT INFORMATION

Documentation of a design revaiew nust include the logic behind discussions
apout corrective action. The usuai listing of action items is inadequate by
itself, since the logic behird rejecting recommenda’ions may be more signifi-
cant. Design review ic basically a management decision-making tool, and man-
agement interest at a later date may center on one of the "no action" items.
The reason for repeated rejection of that item by the review team will assist
management in evaluating new information. The same reasoning applies tc later

review efforts.

Design review documentation must record the team makeup, the review level, the
input material, the decision items (not merely action items), and the decision
logic when it as not evident. It must be of sufficient depth to be useful in

subsequent reviews and to assist management ia approving recommended action.

The report should have the concurrence of all review attendees. It should be
prepared as the meeting progresses, with each item being resolved before the
meeting continues. Although this may appear to be prohibitively time consum-

ing, the advantages usually outweigh the ioconvenience. The advantages include
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CHAP 4 - DESIGN REVIEW DN 4al
SECT 4A - DETAILED TASK DESCRIPTION

a. BAdded incentive for careful preparation. Prior researxch and written con-
clusions are more likely to receive recognition than an educated guess maae
during the review.

b. Added directional control pf the meeting. The chairman has a valuable
tool in immediate documentation because :t tends to keep the meeting objec-
tives in focus. By rephrasing discussion thoughts into wording su.table for
the report, he continually directs attention to the need for applicable rather
than extraneous data.

¢. More accurate recording of consensus. Post-meeting documentation is de=-
pendent on one person's interpretation of meeting conclusions, and its prep-
aration is usually delayed. Both of these conditions perwit distortion.

d. Promotion of timely corrective action. Point-by-point agreement prevents
major delays resulting from disagreement wath the accuracy of the recorded

vecssion of the meeting.

If it 1s not considered feasible to grepare the report during the meetang,
then, as a mimmure, a summary agreed upon by all attendees must be written
before the meeting ends. This summary will serve as the basis for the sub~

sequent report.

5. DESIGN REVIEW PROGRAM

The design review meetings scheduled for any design program should include
the design concept review, preliminary design review, and the ccitical design
review, Details of each of these reviews are summarized in SN 5 (1) and dis-

cussed in detail in Section 4B.
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CHAP 4, DESIGN REVIEW DN 4Al
SECT 4A - DETAILED TASK DESCRIPTION
SUB-NOTE 4(1) Summary of Major Design Review Considerationz
Design | Preli.inary Critical
Concept Design . Design
Major Considerations Review Review Review
1. Select design alternative.
2. Present maeintainability block
diagram.
3. Review program data require- X X X
ments.
4. Review adequacy of design in- X
formation. ]
S. Present maincainabiiity predic-l X X
tion of selecred design.
. 6. Present maintenance concept. X X
7. Present testing concepts. X
8. Review environmental con- X
straints. £
9. Assure that all design require-| X X X .
ments have been met. 4
i 10. Review all system trade-offs. X X %
; 1l. Preseat maintainability de- X {ﬁ
§ monstration test results. 335
. 12. Reccmmend design changes as X X ";1!
required. b
=
g?
. 3
3
3
¥
3
4
H
4
P
]
:
172 N
i
H
b
3



t
CHAP 4 - DESIGN REVIEW SECT 4B |
i

SECTION 4B '
GUIDELINES AND METHODOLOGY

This section contains the objectives of maintainability in the design con-

cept review, preliminary design review, and critical design review.

P

173

—

N/
W
2
3
5
3
%

ot -




CHAP "4 - DESIGN REVIEW SECT- 4B

! SECTION 4B - » GUIDELINES AND MET#ODOLOGY

DESIGN NOTE 4Bl ~ OBJECTIVES OF MAINTAINABILITY -IN THE DESIGN REVIEW

1. DESIGN:CONCEFT REVIEW

2. PRELIMINARY DESIGN REVIEW

3. CRITICAL DESIGN REVIEW

. CONTINUITY AND FCULOWUP OF CORRECTIVE ACTION

¢
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CHAP 4 - DESIGN REVIEW DN 4Bl
SECT 4B ~ GUIDELINES AND METHODOLQGY

DESIGN NOTE 4Bl OBJECTIVES OF MAINTAINABILITY IN THE DESIGN REVIEW

1. DESIGN CONCEPT REVXEW

The praimary purpose of che design concept review is to make a choice from
among altexnative design approaches that may have evolved during the design
process. The choice should be one of the following, in order of preference:
(1) the simplest design that meets the maintainabilaty requarements, {2) the
design that has the highest maintainability, or (3) the design that shows the

greatest promise of wmccting the maintainability requirement.

The results of this first design review sheuld include an understanding of the
weak areas in the chosen design concept. A maintainability block diagram of
the chosen design concept, showing the series and parallel elements, should

also result from the review.

There should be an overali system concept to ascertain :kat the elements of
the system are assigned the necessary and proper functions which will satisfy
the required characteristics. Furthex, there should be a concept review of
each system element to ascertain that ats design will perform the assigned

functions in the best possible manner.

The design concept review should alsc reveal any lack of data oxr need for
more design information, such as chg following:

a. Preventive and scheduled maintenance requircments

b. More information on hardware, construction, and accessibality

c. Diagnostic and testing schemes ’

d. Special facilities that may be required

2, PRELIMINARY DESIGN REVIEW

At this poaint, the iritial system design is nearly complete and many component
parts and assemblies will have undergone some developrent testing. Some cf

the factors to be considered at this review are adherence to specifications,
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CHAP 4 ~ DESIGN REVIEW DN 4Bl
SECT 4B - GUIDELINES AND METHODOLOGY :

. .
reliability, maintainability, safety of personnel, appearance and human en-
gineering factors, economy of manufacture, environmentsl adequacy, “ahd com=
patibility. . .
To estimate if the design will meet the maintainability requirement, a main-
tainability prediction must be made. Chaptei 13 presents the appropriate

prediction techniques.

If the prediction indicates that the maintainakility requivement will not be
met, then a management decision should be made whether to abandon the present

design and staxt agaain or concentrate effort on improving the design.

If improvement is needed, areas th.t require more attention should be iden-
tified. This is the point at which design decisions may be required as to
redundancy versus rapid fault isolation techniques, or redesign of inacces-
sible areas versus a search for high-reliability parts. The latter is a
typical example of the extensive interface between maintainability and re-
liability.

Planning should precede the meetang to ensure that the design review is pat~
terned to the design. Any misapplications should be identified in the meet~
ing. Questionaple areas, such as those in which severe environmental condi~
tions appear to be troublesome, should become evident. Some proklems may be
rdentified that should be earmarked For subsequent attention under the

category of designing for reliability.

In analyzing the results of this design review, management should detzrmine
whether decisions made in the previous design review were valid, and how to

plan the continuation of the design phase.
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CHAP 4 - DFSIGN REVIEW DN 4Bl
SECT4B - GUIDELINES AND METHODOLOGY

3. CRITICAL.DESIGN REVIEW

After changes as wudicated in the previous design review are incorporated, the
product has matured into the final stage. The purpose of the rvitical design

review is co assure that all the requirements have been met.

No aindividual should be held responsible for remeﬁberxng all of the detailed
information accumulated to this point in a pa:ticular design, or for remem-
bering which details must be considered in the final design review. The mrost
common errors evolving from such a review are errorc of omission. Therefore,
the most useful tool in such a review 1s a detailed checklist. Each design
requires its checklist, which should be carefully prepared, in a joint effort,
by design and maintainability parsonnel. (A typical design review checklist

for maintainability is presented in Section 4C.)

Meeting design requirements is the prime consideration in the critical desagn
review. For the maintainability requirement, another maintainability predic-
tion must be performed. Close collaboration by maintainabality, reliability,

and design personnel throuchout the wholc design phase is essential.

ARt thas point, the productica design of the system is essentially complete
and the system is considered ready for production. This review should place

special emphasis on attainment of minimum life c¢ycle cost for the system.

4. CONTINUITY AND FOLLOWUP OF CORRECTIVE ACTION

If the potential design improvement afforded by the design review program is
to be realized, continuity must be maintained from meeting to reeting, and
recommendations must be followed up until corrective action has been taken.
Sufficient information must be carried cver to successive reviews to aveld

redundant coverage of problems.

Continuity is difficult to achieve. Documentation provides a degree of con-
tinuity, but probably will not be sufficient to assure efficient information

transfer. Complete personnel continuity is neither practlcal nor profitable.
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CHAP 4 - DESIGN REVIEW DN 4Bl
SFECT 4B - GUIDELINES AND METHODOLOGY

The same personnel are seldom available for repeated review team assignments
over an extended period, and they can seldom handie all levels of review. It
meyv be possible for a permanent chairman to conduct all reviews on a given

1
subsystem and 1ts components. t
i

Followup 1S necessary to assure that the benefits actually accrue and to
verify that appropriate design change action has been taken, or that addi-

tional study has validated the original design. In one approach, the recom-

mendataons incorporated directly into the hardware corrective action process §
¥
e
and the existiag followup mechanifa are used to assure the same management Q
%

scrutiny of covrective action that hardware problems receive. }
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CHAP 4 ~- DESIGN REVIEW SECT 4¢
SECTION 4C
JROCEDURES

This section contains procedures for using a maintzinability design xeview
checklist to assure that no maintainability design attributes have keen over-

looked.
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CHAP 4 - DESIGN REVIEW SECT 4C

SECTION 4C PRCCEDURES

DESIGN NOTZ 4C1l - 4AINTAINABILITY DESIGN REVIEW CHECKLIST
1. SPECIFIC DESIGN REVIEW SUBJECTS

2. GENERAY, DESIGN REVIEW CHECKLIST

2 (1) MAINTAINABILITY DESIGN REVIEW CHECKLIST
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CHAP 4 ~ DESIGN REVIEW plti 4C1
SECT 4C - PROCEDURES

‘e

DESIGN “TE 4Cl MAINTAINABILITY DESIGN RUVIEW CHECKLIST

1. SPECIFIC DESIGN REVIEW SUBJECTS

The first step in a design review is to compile a list of all the mwaintain-
ability requirements and maintainability-related requirements, relative to

the item(s) being reviewed.

These requiremernts may be derived from the following sources:
a. Specifications
System
Configuration Item (CI)
b. Trade study results
c. Models

d. Progiram direction

e memn c A e e e i

e. Customer directiocn

As a part of the review, it should be verified tuat each requirement is sat~
¥ “
isfied.

2. GENERAL DESIGN REVIEW CHECKLIST

For the wide diversity of present and future Air Forcz programs, the design

R review function, no matter how applied, should cover certain equipment atrtri-
kutes. Use of a design review checklist alone cannot assure better equipment,
but it is one means of assuring that no essential design attributes have been

overlooked,

The checklist presented in SN 2 (1) was adapted from a list compiled by the
Aerospace Communications and Control Division of RCA and published in

Electronic Design magazine.

D Aty

st o4 st

3t ter

3%

2

53

= ey
B 5L

i
e




B R R O S L S S e -

DN 4C1

CHAP 4 ~ DES1GK REVIEW
SECT 4C - PROCEDURES

SUB-NOTE 2 (1), (Sheet 1 of 7 sheets) Maintainability Disign
Review Checklist

ELECTRICAL DESIGN

Maintenance
Are . aintenance and test equipment requirements coapstible with the
convept established for the system?
Does the unit reguire special handliing?
Can the unit ke readily installed and connected to the system?
Are factory or depot adjustments made in such a way that they do not

require readjustment when units are replaced in a system or when pavis
are replaced in tne unit in the field?

What adjustments are necessary after a unit has been installed in the
. system?

Can adjustments compensate for all possible tolerarce buildup?

Is periodic alignment or adjustment recommended? How often?

Can the specified time limitations of maintenance tests be met?

Has the number of depot and field adjustments been wunimiced?

Are interconnecied carcuits located in the same paclage, thus provid-

ISR ST

‘ ing minimal inputs and outputs at each maintenance level?

; Is tue design sucn that the carcuit cannot be damaged by careless use g

} of an adjustment or combination of adjustments? g
3

i Are adjustments and indicatoxrs of the "center zero" type used vhexe %

: possible? g
%

R

Is periodic testing necessary? How often?

Are the test points adequate? Are they accessible?
What overhaul testing is required?

What specific test equipment is necescary?

Have factory and maintenance test equipment requirements been minimized
and coordinated with the requirements for other units?

What special techniques are required in the repair, replacement, or
alignment of the unit?
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CHAP 4 - DESIGN REVIEW DN 4CL
SECT 4C - PROCEDURES

SUB-NOTE z (1) (Shcet 2 of 7 sheets) Maintainability Design
Review Chec..list

Maintenarce {(coutinued)

Are parts, assemblies, and components piaced so that therc is sufficient
space to use test probes, soldering irons, and other tcols without
difficulty?

Are testing, alignment, ani repair proceduzes sucn that a minimum of
knowledge is required on the part of maintenance personnel? Can
trodbleshooting of an assenbly be performed without removal from a
majox component?

What special tools or vest equipment are required?

Can every fault (degrading or catastrophic) that can possibly occur an
the unit pe detected by the use of the proposed test equipment and
standaxd test procedures?

Have parts subject to early wearout been identifzzd? Have suitable
preventive maintenance schedules heen established to contrxol these
parts?

Are the components with the highest failure rates readiiy accessible
for replacement?

Are parts mounted directly on the mounting structure rather than
stacked@ one on another?

Are units and assemblies mounted 30 that the removal of one does not
r .quire removal of cthers?

Are limiting resistors used in test poant circuitry; i.e., 1s any
component likely to fail if a test poant 1S grounded?

! Can panel lights be replaced easily? (Panel lights should not be
wired in series.)

Have voltage dividers been provaded for test points for circuits
carryxng more than 3G°oV?

Will the circuit tolerate the use of a jumper cable during rainte-
nance?

Are contrels located where they can be seen and operated without
disassembly or removal of any part of the installation?

Are related displays and contxols on the same face of the equipment?

Are all units (and parts, if possible} labeled with full identifying
data? Are parts stamped with relevant electrical characteristics
informataon?

b
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CHAP 4 - DESIGN REVIEV DN 4C1
SECT 4C ~ PROCEDURES

e o wpotinsin

SUB-NOTE 2 (1} (Sheet 3 oi 7 sheets) Maintainability Design ?
Review Checklist - !

Maintenance ({continued)

Are the connecting cables of each functioniny unit long enough to
permit moving the unit for convenient checking?

Are plugs aud receptacles used for connections rather than “pigtarls"”
to terminal blocks?

Are field replaceable modules, parts, and subasserblies plug-in rather
than scldered?

Are cable harnesses designed for fabrication as a unit in a shop?
Ave cables routed to nmreclude pinching by doors, covers, etc.?
Is each pin on each pluq identified?

i Are plugs designed to preclude insertion in the wrong receptacle?
are plug-in boards keyed to preven: improper inssrtion?

Has a suitable scheduled maintenaice program been established?

System and Circuit Considerations (

Lo self-test features of a unit meet applicable requirements?
waat system adjustments are rejuired whcn a unit 15 replaced?

Are there firm specifications for thas circuit, including test specifi-
cations?

Can any unreasonable or unusually difficult requirement be relaxed?
Do weight~r.duction considerations affect maintainability?
Safety Factors

Is there adeguate protection against dangerous voltages?

Are high-voltage warning plates necessary?

Have anterlecks, safety switclies, and grounding bars been considered?
Are all external metal parxts at ground potential? '
Are discharging rods necessary to discharge laxge capacitorxs? '
Are bleeder and current-limiting resistors used in power supplies?

Are there burning hazards? !
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CHAP 4 - DESIGN REVIEW DN 4cl
SECT 4C - PROCEDURES

SUB-NOTE 2 (1) (Sheet 4 of 7 sheets) Maintainability Design
Review Checklist

safety Factors (concinued)

Are "not" terminals exposed when plugs or connectors are not connectea?

Ace adjacent plugs or connectors keyed to prevent interchanging of
connections?

Can maintenance ox adjustment be performed safely?

MECHZNICAL DESIGN

Maintainability Design

Is each assembly self-supporting when in the desirible position for cary
marntenance?

Can assemblies be laid on a bench in any position without damaging
components?

Testing .

Are the test processes the lowest cost consistent with meeting the
design requirements?

Can any test specification be eliminated or relaxed?

Have interacting controls been eliminated or the adjustments specified
in such a manner that the lowest salaried factory test personnel can
easily align the circuit?

Is the system compatible with the requirements for checkout in the fac-
tory, if not as a complete system, then in large subsystem segments?

Have test process experts been consulted for alternatives that would
keep test costs down?

General Design
Has the chassis been properly designed?

In the case of terminal hoards, are the critical components mounted at

the edges rather than at the center, and are they propexly supported? ?}
In the case of lead-mounted parts, have component weight, lead weight, %
thermal eipansion, supplementary suppori, bend rate, and dsther mounting Aé‘
cons:derations been evaluated? 2
Have clearances been provided with due consideration foir vibration, ;
shock, and noise stresses? 3
3
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CHAP 4 - DESIGN REVIEV DN-4Cl
SECT 4C ~ PROCEDURES

SUB-NOTE 2 (1) (Sheet S of 7 sheets) Maintainability Design
Ruview Checklist

General Desiyn (coatinued)
Can electrical . : 2t laty be caused by vibiation of mechanical parts?

Have -shock and vibration tests been pexformed?

Are heat-dissipating elements propexly locat2d with respect to heat-
sensitive parts? Is there suitable flow of air?

Have component parts, subasscmblies, and assemblies been supported and
clamped properly, with adequate-consideration for-heat dissipation?

Is the unit of the lightest weight consistent with sturdiness, safety,
and reliability?

Are all items visually and physically accessible when the unit is on the

N test stand? é
Is the possibility of physical damage from misuse of adiustments
rminimized? j
iu the possibility of damage to the unit during handling and installa- (

vion minimized?
Can the unit be removed and *:placed within the required time lamit?

Is the packaging scheme such taat unzealistic spare parts requirements
are avoxded? )

Are all fasteners large enough?
Are guide pins, keys, and latches strong enough?
Is the basic structure strong enough?

Are parts located to provide for logical wiring?

Are lubrication puints minamized? Where required, are they accessible
and clearly marked? ¢

Have unit environment tests, including temperature measurement at key
points, been completed?

2R
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Has a separate list of recommendations for product amprovement ox re-
design been compiled?

what alterxnate designs ware considered?
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CHAP 4 - DESIGN REVIEW DN 4C1
SECT 4C ~ PROCEDURES

SUB-NOTE 2 (1) (Sheet 6 of 7 sheets) Maintainability Design
Review Checklist

General Design (continued)

Have the appropriate standards been consulted for raterials, components,
drafting, manufacturing, and workmanship?

What factors anfluended the choice of this particular design?

Do firm specifications, ancluding test specification, exist?

Have all specifications been met?

Does any specification require modification?

Can any unreasonable oy unusually difficult requirements be relaxed?
Woxkmanship and Maaintainability

Is soldering adequately spacified? What provisions have beeu made to
prevent cold joints and to ensure removal of Ilux?

hre proper screw lengths and locking provisions specified?

Are designs such that damage to components during installation is
preven+. 1?

Have guide pins been provided to facilitate installation of plug-in
units?

Are plug-in units keyed (by some means other than the connector) to
prevent accidental insertion an the wrong location?

Have tolerances of component-mounting provisions and mating holes been
coordinated?

Have all holes been located far enough from bends to prevent distortion?,

Are bend radii specified to be large enough, in accordance with appro-
priate standards?

Have the following items been cons:dered for wiring and cabling:
Are cables led properly around corners and sharp edges?
Are grommets provided whexe needed?

Is the desiyn such that soldering-iron burns during both
manufacture And maintenance are minimized?

1s lacing properly and adequately specified?

137

e ol e R

s e i

o st I




CHAP 4 - DESIGN REVIEW DN 4CL
SECT 4C - PROCEDURES

SUB-NOTE 2 {1} (Sheet 7 of 7 sheets) Maintainability Design
Review Checkl:ist

Workmanship and Maintainability

Have harnesses been properly routed, and has sufficient clamping
been provided to prevent cables from hanying loose?

-
o e

Has adequate space been allowed for harnesses and for breakouts
to connestors, etc.?

Are heavy wires prought to large envugh terminals?

Are stranded wires properly secured close to solder joints to
prevent £lexing?

Is any cable (or wire) overly taut, with strair placed on the
connector, the cable (or wire), or the clamps?

Do any cables or wirxes lie across xemovable units or across
fasteners of any type?

Are a2ll connectors visible, and are they easily access:ble to :
tools and hands?

, Have cables (wirxes) and connectors been properly identified? Can 7
wrong connections result from cable layout and connector type?

Do any cable (wire) runs permit contact hetween .he cable (wire)
: and movang parts?

i

§

|

Are all items (parts and sukassemblies) visually and physicall: ac- l
: cessible for assembly, wiring rework, and maintznance?

|

!

5

|

| Are all test points accessible when the unit is properly installed?
Are all field adjustments accessible when the unit 1s properly installed?

Has sequential assembly been avoided to prevent involved sequential
disassembly to make repairs and adjustments?

Is the design such that no unrealistic requirements for special mainte-
nance, storage, or shipment facslities are imposed?

Is the design such that no unnecessary requirements for a special main-
tenance environment {e.g., ground power carts, cooling, special pr;mary
power, etc.) are imposed?

Does the design provide for adecquate protection of maintenance and test
personnel against accidental injury?
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CHAP 4 - DESIGN REVIEW SECT 4D

SECTION 4D
MULTIPLEXER SET DESIGN REVIEW EXAMPLE

This section contains an example of presentation data and minutes of the

meetings of design reviews from the Multiplexer Set.sample system.
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CHAP 4 - DESIGN REVIEW SECT 4D

v

SECTION 4D MULTIPLEXER SET DESIGN REVIEW EXAMPLE

DESIGN NOTE 4Dl ~- PRESENTATION FOR A CRITICAL DESIGH REVIEW (CDR) FO™ THE
MULTIPLEXER SET

1. MAINTAINABILIRY PRESENTATION
1.1 Requirements
1.2 Detailed Presentation )

1.2.1 On-Line Maintenance Engineering Change Proposal {ECP)
1.2.2 Maintainability Domonstration
1.3 piscussion

1.3.1 Discaxd-at-Failure Maintenance

1.3.2 Diagnostics
1.3.3 Timer Oscillator Stability

1.4 Summary Statement

: 1.5 Post=Review Action Items
1 {1) rultiplexer Set (Front View)
1 (N & ltiplexzy Set (Side View)

1.3 2ddendum

3 Z) ¥ultiplexer Sat Maintenance Control and Displays
o 4 #ost Droguent Maintenance Tasks 1’ ;
1 (5) Multiplexer Set Test Points 4{":
1 {3) Multiplexexr Set Tools §
~ N rMultirlexer Set Test Fquigpment »;
1 (8) Multiplexer Set Preventive Maintenance %
1 (9) Multiplexer Set Curren~ Maintenance Time Data Ej
1 ()0) Multiplexer Set Maintainability Program Schedule E}
DESIMN NCTE 4D2 - PRELIMINARY DESIGN REVIEW (PDR) MEETING FOR MULTIPLEXLR 2
st 3’3
1. RELYABILITY AND MAINTAINABILITY MEETING MINUTES é
1.1 actendees 3
1.2 Minutes of the meeting §
!
3
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CHAP' 4 - DESIGN REVIEW DN 4D1
'SECT 4D - MULTIPLEXER-SET DESIGN REVIEW EXAMPLE

PRESENTATION FOR A CRITICAL DESIGN

DESIGN NOTE 4D1 REVIEW FOR THC MUUTIPLLXER SET

1. MAINTAINABILITY PRESt.fATION (See SN 1(1) through SN 1(10}.)

1.1 Requirements

‘Maintainability Program'Plan, CDRL Item B026.

1.2 petailed Presentation

¥a.ntainability characteristics of the Multiplexer Set were presented as de-
fined in SN 1(1) through SN 1(10).

1.2.1 Cn~<ine Ma;ntena;ce Engineering Change Proposal (ECP)

The basic performance characterxistics proposed in the on<line mainterance
ECP were informally presented. This presentation was primarily, fox purposes
of orientatior. for those persons not previcusly fam'liar with the proposed
concept.

1.2.2 Maintainability Demonstration

Attendees were familiarized with the mechauicai Zeatures of the Miltaplexer

Set and differences betwzen it and the eight prototype units to be built.

A number of simulated walfunctions were introduced into both channel and
common electronic yortions of the multiplexer. The resultent front panel
error display was then viewed to establish correlation between malfunction
and diagnostic callout. The effect of a malfunction inserted an the ¢ rex=
head data generator was discussed, using its associated logic diagram, All
simulétcd malfunctions produced tne proper front panel display.

1.3 Discussion

1.3.' Discard-at-Failure Maintenance

Annex No. 2 to the Statement of Work sets forth the guidelines to be used in
consideriny the use of discard-at-failure maintenance. The decision to re-
parxr or discerd failed carcuit card modules will depend on results of trade-
off studies made by the contractor. bData £rom thesc studies will be provided
as part of subsequent Maintainability Program Status Reports (CDRL, Item
BO33).
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CHAP 4 - DESIGN REVIEW DN '4D1
SECT 4D - MULTIPLEXER SET DESIGN REVIEW EXAMPLE

Discussion of the card and wodule discard versus repair decision led to a

discussicn of the type of conforral coating planned for Multiplexer Set ap-

i, 4 %}) &

%,
2=

plication. It was stated that if the cards are to be repaired, any confor-

ral coating would be sclected so as to permit such repai.. Attendees agreed

that this approach was acceptable.

A dascussion of the methods tn be used for the detailed isclaticn of defec-
tave cards centexed about the use of a tape-controlled test set similar to
that presently used in the enginecring test program. Such an item of AGE
will be recommended by the contractor if card repair versus throwaway
analysis indicates repair to be most econcmical for the Government.

1.3.2 Diagnostics

The foilowing statements were provided by customer personnel:

"As a matter of information, the present diagnostic design does

e o e v —me = e e

not distinguish between a line/data problem and a physical equip-
ment problem in certain areas. For example, the detection and (
display by the equipment >f an out-of-tclerance input timing con-
dition may also yield an indication of internal equipment €ailure.
This possibility should be nozcd in the tech orders for maintenance
information/quidance."
Note: The contractour states that this condition will be corrected during
des ign updating for the prototype Multiplexer Set models.
1.3.3 Timer Oscillator Stability

As a result of Jdascussions regarding potential futuwre use of a reference

D S TR U SRV SUP SRR NC PPy JURNEY IEPRor {1 VY SHPIE, "7 Y

txming oscillator wath a stability of one part in LDS, the following state-
nments were provided by customer perconnel:
"The Hewlett-Packard Model M34-5245M Frequancy Counter to be recom-
mended by the contractor as an item of AGE to calibrate the one part in
106 stability clock currently specified will not be suitable for use \
in maintaining a higher stability clock at one part in 108 (or five B
parts in 108) is in fact required, a liffercni {and more expensive) .

atem of AGE will be required."
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. CHAP 4 - DESIGN REVIEW

fd.4DL
SECT 4D - MULTIPLEXER SET DESIGN ‘REVIEW EXAMPLE.

1.4 Summary Statement

The information and data presented reflect basic design compliance with main-

S B RE

tainab.lity performance requrrements defined in Annex No. 2 »f the Statement

' fy

of work and applicable portions of the.equipment specifications.,

S

1.5 Post-Review Action Items

a. Comp.ete discard-at-fairlure a. Results to be -included in
vs. repair trade-off study May 1271 submittal of: B033..
*
b. Submit AGE recormendations b. Planned submittal of 5037

in April 1971.
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CHAP 4 - DESIGN PEVIEW DN 4D1
SEC? 4D - MULTIPLEXER SET DESIGN REVIEW EXAMPLE

SUB-NOTE 1 (1) Multiplexer Set
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COVER PANEL
USGHT BUS J0ARD
UG'T BUS BOARD
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CHAP 4 - DESIGN REVIEW DN 4D1
SECT 4D ~ MULTIPLEXER SET DESIGN REVIEW SXAMPLE

SUB-NOTE 1 (3} r;ultipiexer Set Front Panel

,A.,.’.®~ s ® @ .
LAN/GSC-24(V) MULTIPLEXER
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CdAP 4 - DESIGN REVIEW DN 4D1
SECT 4D - MULTIPLEXER SET DESIGN REVIEW EXAMPLE
i
SUB-NOTE 1(4) Most Frequent Maintenance Tasks J
~tenm A _Failures Time Tools ]
1. PC Card 65.0 3.7 Screwdriver f
2. 1/0 Module 139.0 6.9 Screwdriver .
3. Power Supply 6.1 10.3 Screwdriver i
S$0.1

SUB-NOTE 1(5) Multiplexer Set Test Points

¢ Genexal Arvengement

TPl Major Input
'rPZ-TPn_2 Interim Points
'rzg_] Major Output

T Diagnostic Output

n
¢ Identification

Each Point ilumbered on Board
* Quantity (Set, 31 RCB/S3)

Mux 356
Demux 354
710

¢ other Points
Alil Card Connector Pins via Extender f

3
i
:
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CHAP 4 - DESIGN REVIEW DN 4Dl
SECT 4D ~ MULTIPLEXER SET DESIGN REVIEW EXAMPLE (

.| SUB=NOTE .1{6) Multiplexer Set Tools

e Standaxd and Common

Conventional Hznd Tools

* 3pecial
Printed Circuit Card Extender (W/Equipment)
Wire Wrap.Repair Kit
Wire Wrap Tool*

Bit*

Sleeve? N

Knife*

Holdex*

Cut/stxip Accesioly
Wire Removal Tcol*

“Fedesal Stock Lumber (FSN) Is Assigned.

SUB~.OTE 1(7) Multiplexer Set Test Equipment

* Standaxd and Common

i

s,
3

1. Oscilloscope, Tekitronix Type 4h4r o
Bandwidth - 150 MHz %
Rise Time - 2.7 Nanoseconds &
Input Power - 115V, 50-400 Hz, 1¢ %‘
2, Frequency Counter, Hewiwtt-Packard M54-5245M zx
! Input Range ~ 0 to 50 MHz 'g
Display - 8 Place, Digital )
Stability - 5 Parts/1010/Day Long Tem
3. Multimeter AN/PSM-6A*

Special
None Reoquired (Built-in Diagnostic)
*Federal Stock Number (FSN) Is Assigned.
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CEAP 4 - DESIGN REVIEW DN 4D1
SECT 4D - MULTIPLEXER SET DESIGN REVIEW EXAMPLE

i . S

SUB-NOTE 1(8) Multiplexer Set Preventive Maintenance

Task Interval Downtime
Clean Air Filters 30 Days No
Visual lnspection 30 Days No
Timing Calibrazion 30 bays No ’
Blower Replacement 5 Years Yes '

SUB-NOTE 1(9) Multiplexer Set Current Maintenance Time Data

Mct
Reguired -~ 12.D Minuates
Predicted - 8.0 Minutes i A
: !
Mmax o {95th Percer.tile) i
Required - 36.0 Minutes . Fg
Predicted - 18.3 Minutes %

>
e

]
Lot

L

199

L o S B RE > SI  ab A £ Bt I R S il

EyTr ey

5‘
|
j

¢

!



R RGN RO RS T TR ¢ (TR gl nes |
e L
- v
H =]
i .
., ~m\ ) .
;
<
¥ 4 N - N
S T
M Al | _ (93vpdn) Apnas awi/ava
A . v m _
: - ﬁV’l H_ _ Azewums sjuaw il inboy uorjeIqITRD
: Y= | _
. 5 . q SUOTIVPUIWIOLNY £DY
- =]
’ B . )
] . : 4\ : Q.. (eoaepdn) u0T3IOTPOIg
i & ’ : _
. A N ~ ~
P a AR 4},\ V7] 3xodad Sujeds » srsAreuy
H ! b & e a N
| LK |
J g | oTupouos weaboxd A3 FTTAPUTCIUTER 305 ZoXOTSTAINR (OT) 1 AION-Gns
3 =
- A
a ]
-4 “._4 a
<+ ¥
: 26
v O a .
pd
?




R B U T e R RN n .

—— L e v o

CHAP 4 - RESIGN REVI®W DN 4D2
SECT 4D ~ MULTIPLEXER SET DESIGN REVICW EXAMPLE

PRELIMINARY DESIGN REVIEW

DESIGN NOTE 402 MEETING FOR MULTIPLEXER SET

v 1. RELIABILITY AND MAINTAINABILIWY MEETING MINUTES
1.1 BAtteadees

The list will include all perscns present at the me~ting.

) 1.2 Minutes of the Meeting
r a. Implementation of the RCB and STRC diagnostic design was reviewed. A \

block diagram level discussion of previous and current RCB diagnostic designs

was presented by the contractor. '
!
t
i

b. Data supporting the current Mct and Mmax ot predictions were reviewed.

The contractor prediction technique, which comb:nes flow diagramming and

Eiwe

MIL-HDBK-472, Method III, procedures, is acceptable for continued use.

T A

- Specific elemental task times remain subject to Air Force review.

? c. The contractor will investigate the practicality of autcmatically de-

f 5 tecting wrr blewer failures.

g J 4. Dared upon current field maintenence procedures, on-line repair is con-

3 sidexed highly desirable for the following items:

% (1) Channel-related printed circuit cards and moduvles. .
3 (2) Panel lamps and displays.

é ! (3) Cooling air blowers (if possible before reaching a critical rise i
; { in temperature). '
g : (4) Power supplies (not feasible with certair designs).

E : e  MIBF, E;t' and Mnax ot calculations shall be coasistent with each other

and consistent among reports, manuals, and other applicable documents.

f. Limited life items (such as lhlowers and panel lamps) shall be identified
and planned replacement intervals determined by the contractor.
g. The contractor will investigate alternate approaches to repair of power
f supply failures as follows:
(1) Alternative No, I - Initiate power supply repair within a specified
time period after fairlure of one of the supplies,

201
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CHAP+4 - DESIGN REVIFW . . DN 4D2
SECT 4D - MULTIPLEYEK SET CESIGN REVIEW EXAMPLE

Tiiis procedurc ic preferable if the Multiplexer Set is not used
continuwously. This alternative maximizes the equipment réliability-
but places a limitation apon.continuous operation. This is the pro-
cedure prasently used in the ﬁ;t calculations.

(2

~

Alternative No, 2 - Initiate power suppiy repair only after both
pcwer supplies have faileld., This alternative is desirable if con-
tinudus operation is requixed, as it is consistent with the-objec~
tive of no downtime for preventive maincenance. It is also the
approach presently used for the MIBF calculation, This approach
wiil increase the power supply rerair time but will probaibly have
an insignificant effec: upon the average repair time.

h. The reliability prediction was presented during the general meeting on
July 13. The details ¢ the prediction were reviewed during the reliability
special mecting on July 14 and 15. The basic reliability prediction indi-
cato? an MISF of 1255 hours. This estirate is based on a 2L°C anbient oper-
ating temperature. It represents a complete multiplexer‘set, fncluding 31
RCB's, 31 SB's, and power supplies. The rediction presented at this time
is based on preliminasy circuit diagrams for the multiplexer cirecuits, and
drivers and smocthing buffers for the demultiplexexr. The predicticn includes
estimates of circuit complexity for the power supplies, demultiplexer cormon
electronics and denultiplexer timang circuits. [ailure rate sources used arve
RADC-TR~67-208, Vol. IXI, for discrete elentronic part faillure rates, RADC
source information for integrated circuits and TX semiconductor improvement
factors, RADC-TR-69-458 for nonelectronic part failure rates., The failure
rate estaimate for the power supplies is based on an estimated 4.0 failures
per 106 kours per voltage cutput. 1iIn additinon, a failure rate of 3.0 fail-
uxes/lo6 hours £or the sensing and logic circuits is assumed. The total
failure rate for the redundant power supplies is 2/3 the failure rate of a
single unit.
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CHAP 4 - DESIGN REVIEW DN 4D2
SECT 4D - MULTIPLEXER SET DESIGN REVIEW EXNMPLE
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An analysis of the reliability effect of using a thick £ilm hybrid micro~
electronic configuration for line drivers and line receivers was made. The
B model used to estimate th: failure rate of the hybrid circuit is based on an
i RADC. proposed prediction model. This analysis shows a potential increase of
& approximataly 100 hours in the MTBF of the Multiplexer Set.

e i. Preliminuary comments on the Reliability and Maintainability Program

Plans and reliabality and maintainability allocations, assessments, and

j. Conclusions and action items:

200l AN s v L S 3 i e P L

1
t
i
analysis reports were reviewed. }
i

§ (1) “The MTBF cstimate of 1955 hours is less than the specified MTBF

% of 2200 hovzs. The contractor does not anticipate & problem in %

§; meeting the requirement, The contractor will emphasize reduction E

g in complexity and improved temperature cornd.tions to achieve the ! ;

: nmprovement. ; )
| 1

(2) RADZ will investigate the possibility of providing a computer

Syt ws

3 program to calculate the MTBF estimates.

l {3) Tunctional and reliability block diagrams will be provided with i
the reliability prediction.

1.3 Addendunm

The contractor described a2 proprietary power supply desiqr. offering poteniial
im r.wements in efficiency, size, and reliability. Optimum use of this type
of power supply would require a change in ccrntract specifications with re-
gaxd to the method of redundancy. This power supply is adaptable to inteinal
rather than external redundancy with further improvements in weight, ¢ifi-
ciency, maintainability, and reliability. Using this technique, on-l...2 power
supply repair may become achievable. RADC sepresentatives agreed that the
procedu;'e should be anvestigated and a decision wiuld be made afier the con-

tractor performs a trade-off study of the effects of the change.

203

A A . BA ot e e e

R

- - e em e e S e e e VA




L BRI S e s R T RGP ARSI N r e s

CHAPTER 5

MAINTAINABILITY ALLOCATIONS

, This c’.azter contains a detarled task descript:ion, guidelines, methodology,
and procedures of the maintainability allocations. It also incledis an

example of the Multiplexer Set allocations.
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CHAPTER 5 MAINTAINABILITY ALLOCATIONS

SECTION 5a - MAINTAINABILITY ALLCCATIONS 'INTRODUCTI,ON
Decign Hote ‘5AL - Detailed 'Task ‘Description
532 - Cuidelines ahd Methodology i
SA3 - Allocation Procedures

SECTION 5B ~ MAINTAINABILITY ALLOCATIONS FOR THE MULTIPLEXER ScT

Design Note 5Bl -~ Multiplexer Set Requirements

5B2 - Maintenance Time Allccation
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CHAP 5 - MAINTAINABILITY ALIOCATIONS SECT 5

SECTION 5A
MAINTAINABILITY ALLQCATIOES INTRODGCTION i

This section contains a detailed task description, guidelines, methodology,

and procedures for the maintainability allocations.
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CHAP -5 ~ MAINTAINASILITY ALLOCATIONS SECT 5A

SECTION- 5A s .

MATNTAINABILITY ALLOCATIONS INTRODUCTION

DESIGN NCTE 5A1 - DETAILED TASK DESCRIPTION

1.  GENEZRAL

DESIGN NOTE 5A2 - GUIDELINES AND METHODOLCGY

1. GENERAL

2.  MAINTAINABILITY ESTIMATES FOR SYSTEM COMPONENTS

2(l) Guide for Initial Maintainability Estimates

DESIGN NOTE SA3 - ALLOCATION PROCEDURES
1. ALLOCATIONS
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CHAP 5 -~ MAINTAINABILITY ALLOCATIONS DN SAl :
SECT 5A - MAINTAINABILITY ALLOCATIONS INTRODUCTION |

§ DESIGN NOTE 5Al DETAILED TASK DESCPIPTION

1. GENZRAL

The maintainability engineer will begin the maintainabilsty design process

with one or more specific maintainability objectives that inay be expressed

in any one of a variety cf ways; i,e., ﬁ;t' M

.
“max ct’ etc. ‘

As an aid te achieving system maintainability objectives, these objectaves

are transloted into detailed maintainab.lity requirements for system cor—

¢
!
|
| {
1
i porents. This process is known as maintaingbilicvy allocation.
! Maintainability allocations are performed for the following purposes:
i a. To provide guidelines to designers so that the final product meets the
‘ overall system maintainability reguirements.
) b. To provide a procedure for maintainability bookkeeping based on a logi- ‘
s
!
! cal distribution of the overall maintainab:lity requirements. ;
t ¢. To provade a maintainability management tool Lo system contractors when {
g several vendors are involved. '
! Allocations are made by the Air Force, by its contracturs, or by both, If
the Air Force is to perform the system integrating function, the responsible
Government agency performs the allccation and includes the results as re-
quirements in the separate contracts to the various subsystem contractoxs.
For systems heing integrated by a contractor, the integrating contractor is
responsible for overall system maintainability; he must perform the aliocu~ :
S
tion and assur: that his subcontractors comply with their individual require- ﬁ
ments., %}
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CHAP 5 - MAINTAINABILITY ALLOCATIONS DN 5A2
SECT SA - MAINTAYNABILITY ALLOCATIONS INTRODUCTION

DESIGN ROTE S5A2 GUIDELINES AYD METHODOLOGY

1. GENERAL

Allocations need only be made to the level of hardware and maintenance which

has a direct bearing on the value of the maintainabili.y indices being allos

R

cated. If, for example, th. ﬁct' at organizational level is being allocated

and the LRi! is spared on base, the field maintenance time has no direct

bearing on nxganizational time and therefore is not part of the allocation.
In this case, une would only allocate to the LRU from the system. For this
case, the maintenance time for the LRU in the shop should be ¢ fallout of

- o b —

that design and maintenance concept which represents the lowest life cycle

cost.

Mrintasnabality allocation can be performed using two forms of data: (1) an

¥

&

estimate of the average maintenance time expected for each item of equipment

i,

S,

relaliva to one particular iiem; and (2) an estimate or apportionment of the

X3

failure rate distribution among the equipments when configured as a system

2

B e ot T S AP s ST it XS Fal g e T S SR AR A e O

{ .
. or gset. Neither form of data nzed be known in terms of vexl vaiues such as
; minutes of dowatime or failures per hour. Relative maintenance time can Le

estimated in terme of a reference value X, and estimated failure rate in

terms of failure percentage associated with each item of equipment. In both
cages, the estimzte need only be in temms of a rats;o and as such is subject

to less error than technigues based on estimates of absolute values. Being

a ratio, any constant error in the absolute value cancals out. The follow-

ing example illustrates this allocation technique.

Example:

Assume a system comprised of three items of equipment which, in combinaticn,
must demonstrate a mean corrective miintenance time (E;t) of 12.0 minutes.

Let an estimate of the ﬁ;t associated with one item of equipment equal an

N
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'CHAP 5 = MAINTATNABILITY A LOTATTONS ’ DN SA2
SECT 52 ~ .."sNTAINABILITY ALLOCATIONS INTRODUCTION

acbitrary value X. Further acsume that due to complexity, type, ox 71ax
factors, the estimated E;b of the second iten relative to the first is one
and one~-nalf tines that of the farst (1.3X;}, and the ﬁ;t of the third item

relative to the fixst is thr.~-guarters that of the first (0.79X).

When the three items are confiqured as & system, let th first be expected
to ~mtribute 50 parcent of the tocal failures, with thie second cortributing
an expected 30 perceant, and the thi:d an expected 20 rercent. That poction
of the allowed 12.0 minutes system ﬁ;t to be allocated Lo each equipment can
then .c established Ly solving the following cyuation for the unknown value X:
(0.50) (X) + (0.30) (1.5X) + (0.20) (0.75%) = 12.0 minutes
.10 X = 12.0 minutes

X = 10.9 minutes

Hence, the apportioned E;t for the first 'tem of eyguipne.at 1s X or 10.9 min-
utes, for the second 1.5X or 16.35 minutes, and for the thixd 0.75X or 8.1i8
ninutes.

Thas allcation technijue allocates maintainability values to lower levels
of hardware such tuat the system requircment is met regardless of whethex or
not the ov‘ginal kasis for estimate value for an item may have resulted in
an improvement in the system requirement. Any improvement in thc system re-
nquirerent should be predicuted on life cycle cost stud.es rather than on
allccations. The results of an allocation should be coordinated wath the

«wppropriate design agencies to verify that the values obtained axe feasible.

2. MAINTAINABILITY ESTIMATES FOR SYSTEM COMPONENTS

Initial estimates of maintainability sr maintainability ratios must be made
for each affccted item. 1ne estimates must be made in the same uuits of
measure as the maintainabilaty objective. The estimates may be derived from

any of the following rources:
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CHA® 5 ~ MAINTAINABILITY ALLGCATIONS DN .582
SECT S5A - MAINTAINABILITY ALL.CATIONS INTRODUCTION

Predictions
Data on similar components
Exparience with similar components

Enginecring ertimates based on personal @xperience and judgment,

Attempts to aeke maintainability estimates for system components are most
E otten frustyated by the following:

Prediction techniques are not applicable at this level of maintenance.

Prediction techniques are applinable to this maintenance level, but the
B units of measure of maintainabirlity are not consistent with the objec-

tive.

No suitable historical data are availabie.

This system inccrporates new desicn concepts whose impact on maintain-

ability is nnt Xnown.

SN 2 (1) .~ . guide to tne methods to be used an initial maintainability est.~
mates for systern cumponents. %he order in which the methods are shown is gen-

erally ain the descending oxder of their sxpected oxder ¢f accuracy.

Another approach to making maintenance time cstimates 1s illustrated in
DN S5B2 (para. 2).
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CHAP 5 - MAINTAINABILITY ALLOCATIONS DN S5A3
SECT S5A -~ MAINTAINABILITY ALLOCATIONS INTRODUCTION

DESIGN NOTE SA3 ALLOCATION PROCEDURES

1. ALLOCATIONS

The basic steps in developing the maintainability allocation are as follows:
a. Obtain the value oY the cop level maintainability andices for which the

allocation is to be made.

o

Call this l‘;iR required maintainability indaces.

b. Select one item in the allocation as a umt reference item for the i
indices being allocated. Call this X. The one selected will normally be the
one with which the engineer is most familiar,

c. Estimate each other iten M indices as some multiplication factor of X;

for example, 1.25X or M_ °X.
T

e

d. Estimate the failure rate contrabution of each item to the total failure
rate of all items in the allocation.
J Call this fc. }ti
where fc, = —
i A €

wherxe Ai = failure rate of the ith item

A

total failure rate of all items in the
allocation.

e. Solve the following equation for X:
M o= E fci ‘M n * X
RS
' or

L]
p=ife * My

. -+ .A . sooe . .‘
X EcB HoptX* +£cn_rl_lmn X

o

8 it

whexe A,B,****,N refers to the items being allocatud to.
£f. The allocated maintainability indices value for each item is the value of

X times the value of M n for that item.
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< SECTION 5B

MATUTAINABILITY ALLOCATIONS FOR THE MUTLIPLEXER SET

’ This section illustrates details of the processes involved. in maintainability
allocation by presenting an example of the allocation for the Multiplexer Set.,
The exaaple includes the maintainability allocations, assessments, and

analysis.
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SECTION SB MAINTAINABILITY ALLOCATIONS FOR THE MULTIPLEXER SET
4 DESIGN NCTE 5B1 - MULTIPLEXER SET REQUIREMENTS
41
v
5 1.  BACKGROUND '
g ! DESIGN NOTE 5B2 - MAINTENANCE TIME ALLOCATION !
% 1.  GENERAL
5 2. MEAN MAINTENANCE TIME ESTIMATION :
2 . : '
: (1) Simpljfied Maintenance Flow
i 2(2) Simplified Rei>ir Flow

2(3) Maintenance Function Time Fstimates

2(4) Failure Rate Distribution (Percent)

2(5) Estimated Maintenance Time Computaticn

3. MEAN MAINTENANCE TIME ALLOCATION
4. MAXIMUM MAXINTENANCE TIME ALLOCATION
S. SUMMARY OF ALLOCATED MAINTEHANCE TIMES

5(1) Summary oi Allocated Maintenance Times
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GIAP 'S - MAINTAINABILITY ALLOCATIONS DN 'SB1
SECT 5B - MAIRTAINABILITY. ALLOCATIONS FOR THE
MULTIPLEXER SET

DESIGN'NOTL *5B1 .._'MULTIPLEXER™SET REQUIREMENT'
: I

"L, BACKGROUND

The Multiplexor Set and ancillary equipments are being developed in:accbtd;nce

with-requirements set forth in the Statement of Work and the specifications.

These documents réquire that design of the Multiplexer Set enable @ttaiﬁment
of a mean time between failure (MTBF) of not less-than 2200 hours, and upon

faiiure, be restored to operation within a mean corrective maintenance time

(ﬁ;c) of not more than 12 ¢ minutes. zizxum ccrrective maintenancé time
(%nax "t) at the 95th percentile must nct exceed 36.0 minutes.

The content of this example apportions these overall requirements to the

multiplexer and demultiplexer level, thereby providing design objectives

specifically related to each.

Attainment of the 2200-hour MTBF constraint requires an overall failure rate
of not more than 455 failures per 106 hours. Differences in design imple-
mentation and complexity between the multiplexer and éemultiplexer have been
congidered in the apportionment of this allowable failure rate to the two
units. Resulting apportioned values are as follows:

Multiplexer - 150 failures/lo6 hours.

Demultiplexer - 305 failures/lo6 hours.

Allocation of overall saintenance time constraints was made on the basis of
expected failure rate distribution and estimated maintenancu times for the

multiplexer and demultiplexer units. Values assigned to each unit are as

follows:

216

ot ARkt

e

et s ssmo N

| e




R

ol A e 4 -

Kieome T e A BV R

%

eh
e

FIRIES . N ay el 3 N Y, P ol B - a .

S,

CHAP 5 -~ MAINYAINABILITY ALLOCATIONS DN 5BL
SECT SB -~ MAINTAINABILITY ALLOCATIONS ¥OR THE
MULTIPLEXER SET

o
- " i - £ 3 i
Multiplexer MC.E of 11.2 minutes; Mmax ot ©F 33.6 minutes
Demultiplexer = M of 12.6 minutes; M of 37.8 minutes
ct max ct
An estamate of rean corrective maintenance time for each unit, used in the
allocation procesg, indicates a desion potential well within the specified
constraeints.
Reliability and martitainability assessment and analysis cffort during sub-
sequent Multiplexe - Set development phases will further evaluate the evolving
design in terms of attaining apportioned constraints.
i
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CHAP- 5 - MAINTAINABILITY ALLOCATIONS
SECT 5B - MAINTAINABILITY ALLOCATIONS FOR THE
MULTIPLEXER SET

DESIGN NOTE 582 MEYNTENANCE TIME ALLOCATION

1. GENERAL
Maxnéenance downtime requirements specified for the Multiplexer Set are as

follows:
% .. ©f 12.0 rinutes
c

T

M of-36.0 minutes at 95th percentile
max ct

These reguirements have been allocated to the multiplexer and demultiplexer

level. Methodology uscd in the allocation process is in accordance with the

Maintainability Progrzm Plan. See Chapter 3, DN 3p2.

The selected allocation precess uses input data in cwe forrs+ (1) an esti-~
rmate of mean maintenance downtime associated with one unit (multiplexer or
demultiplexer) relative to the other and (2) dastributior of vcotal failure

‘rate between the units.

These data are then used in solving eguation (1) for x:

fcn R fcd
(x)—fdo—‘ + (K} (x) oo ° 12.0

where: fcm = percentage of total fallure rate apportioned to multiplexer
unit.

fc, = percentayge of total farlure rate apportioned to demultiplexer

a
unit (1 - icm).
K = estimated demultiyplexer mean maintenance time divided by esti-

mated multiplexer r.ean maintenance time.

The resulting.value for x is the allcvated E;t for the multiplexer unit, and

the value Kx is the allocated E;t fcr the demultipl:xecs unit.
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CHAP 5 ~ MAINTAINABILITY ALLOCATIONS | DN $B2
“SECT -5B - 'MAINTAINABILITY ALLOCATIONS FOR THE
MULTIPLEXER SET

2. MEAN MAINTENANCE TIME ESTIMATION

2etinates of mean maintenance times associated with the multiplexer and

Gemuitiplexer units were prepared using the following approach:

_* v.a "repaxation of functional flow diagrams depicting expected maintenance

functions.

b. BAssignment of times required in performing elemental tasks comprising
these functions.

c. Computation of overall completicn times for the various maintenance

functions by summing the times required for their compositz elemental tasks.

:
¥

d. Combining maintenance function completion times on the basis of theixr

\
[ P VSR UFOURP R C P SO SPUPY.V PRET IV~ T FTT YW

expected occurreace probability.

SN 2 (1) depicts the Multiplexer Set maintenance function in flow diagram
, format. Repair routines indicated in SN 2 (1) are expanded in SN 2 (2) for

A%

cases involving power supply, printed circuit card, and line driver/receiver
} replacement.

| Estimated times for completing the various tasks depicted in SN 2 (1) and
SN 2 (2) were then assigited. Summing these task times fcr the various exs
pected maintenance functions yields the results shown in SN 2 (3).

It should pe noted that timse estimated for the funccions listed in SN 2 (3)
are appliiable to both the muitiple twexr and demultiplexer units. This is due
to che close similarity of fault isolation and packaging concepts &nd charac-
terjstics between the two. However, because of differences in circuit func-

tions performed and the manner in which correspording functions are imple-

mented, -omplexity of the Jdemultiplexer .s sonevhat greater than that of the
multiplexer. This added complexity is reflecced in the use of additional
card-mounted integrated circuits, and therefore has an effect upon overall
failure rate distribution between the multiplexer and demuitiplexer units,

‘ as well as upon the distribution within each unit. '
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SECT SB - MAINTAINABILITY ALLOCATIONS.FOR-THE

B
!
: CHAP 5 - MAINTAINABILITY ALLOCATIONS DN 5B2 2
i
4 MULTIPLEXER SET ‘:

3
&
4
R .. I
SUR-NOTE 2 (2) Simplified Repair Flow | I
rees barae : ! 'g'
O e
e : 3
§ A
. H
) : 3
N b
[ : 3
H
! i
Rotate Remove Replace .
Slide Lower Cover Power Supply ‘| 3
H
3 1
Install Rotate K
Lower Covex Slide u
: B
| i
S
Rotate Remove Replace { J
Slide Upper Cover Card(s) _l B
— 4
J ;
Yo Install Rotat :
Module) nsta ate | {
{ Upper Cover Slide ’
Rotate ls)iscoxlmgct Regl;ce )
Siid 1gna. Module 1
e Timing Cable ;
L ;
Connect E
P tat
. Signal & g?;:ce —
5 ; raming Cables]
; Retract
§ @O—N— Slide and fea—
i Apply Power
g terom SN 2 (1)
P
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CHAP 5 - MAINTATNABILITY ALLOCATIONS DN 582 5
SECT 5B - MAINTAINABILITY ALLOCATIONS FOR THE |
MULTIPLEXER SET (

SUB-NOTE 2 (3) Maintenance Function Time Estimates é
Maintenance Function Estimated Time (nin) ,

1. card, Common Electronics 6.4 ;

2. Card, KCB/SB 6.5 ;

3. Card, Diagnostics 6.6 :

4. Module, Line Driver/Receiver 6.7

5. Power Supply 12.4

é. FPanel Lamps 2.3

7. Other Items 43.0 ;

The maintenance failure rate distribution within the multiplexer and demulti-~
plexer units is shown in SN 2 (4). While this distribution has as a basis
the failure rate preduction, certain modifications to this prediction have

been made to enable estimation of the Multiplexer Set maiutenance time.

P

From a reliability standpoint, powexr supplies within the multiplexer or de-
multiplexer unit are configured in a redundant arrangement with an automatic
switchover capability in the event of failure. From a maintenance standpoint,
however, a failure in either of the redundxnt supplies necessitates correc-
tive maintenance.

Front panel lamps represent another area in which reliability and maintain-
ability considerations differ. fThe random failure rate asgociated with the
Multiplexer Set panel lamps is expected to be insignificant. However, lamp
replacement rate due to ena of life will be a relatively frequent occurrence,
‘Thus, lamp replacement time 1s a coniributor to maintenance time although it
does not occur on a truly random basis. A similar gituation is expected in
the area of cooling air blowers. While not as significant as front panel
lamps, there is a difference hetween replacemmnt rate due to wearout and ran-
dom failure rate. Again, maintenance time calculations should consider over-
all replacement rate, regardless of the phenomena prompting it. The mezinte~

nance failure rate distribution (percentage contributicns) depicted in SN 2 (4) !
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CHAP 5 <-MAINTATNABILITY ALLOCATIONS

SECT 5B - MAINTAINRBILITY ALLOCATIONS FOR THE

MULTIPLEXER SET

DN '5B2.

As therefore based upon a summation of random failure rate and replacement

rate caused.by wearout or end of life.

SUB-NOTE 2 (4) Failure Rate Distribution (Percgngﬂ

1,

N

L)
. .

N W

1.

2.
3.
4.
5.
6

7.

ngltiglexer

Card, Common Electronics
Caxd, RCB/STRC

Card, Diagnestics
Module, Receiver/Driver
Power Supply

Panel Lanps

Other Items

Demiltiplexexr

Card, Zommon Electronics
Card, SB/TSRC

Card, Diaguosticsg
Module, Driver/Receiver
Power Supply

Panel Lamps

Ochex Items

Percent
Failures/

Unit

4.3
27.1
7.0
4.5
3.4
51.6
2.1

100.0

8.6
32,0
9.3
14.3
3.8
30.5
1.5

100.0

Percent
Failures/
Total

2.0
12.7
3.3
2.1
1.6
24.2
1.0

46.9

4.6
17.0
4.9
7.6
2.0
i6.2
0.8

§3.1
5 100.0
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CHAP 5 - MAINTAINABSILITY ALLOCATIONS DN 5B2
SECT SB -~ MAINTAINABILITY ALLOCATIONS FOR THE
MULTIPLEXER SET

SN 2 (5} reflects the combining of maintenance function time astimates of

SN 2 (3) based upon the failure rate distribntion of SN 2 (4). From SN 2 (5},

1t can be seen that thd estimated mean coxrective maintenance times tor the
multiplexer and demultiplexer units are as follows:
Multiplexer - 5.36 minutes

Demultiplexer - 6.05 minutes

SUB-NOTE 2 (5) Estimated Maintenahce Time Computation h} |

t

(a) (b) {

Percent Estimated {a) (b) }

of Failures Task Time 100 ’
Multiplexex t \
1. Card, Cormon Elec:ronics 4.3 6.4 0.28 ' )

2. Card, RCB/STRC 27.1 6.5 1.76

3. Carxd, Diagnostics 7.0 6.6 0.46 %
4, Module, Recwiver/Driver 4.5 6.7 0.30 t :%1
5. Power Supply 3.4 12.4 0.42 3;4
6. Panel Lamps 51.6 2.3 1.19 23
7. Other Ttems 2.1 45.0 0.95 ;
¥ (a) = 100.0 I -‘2213(‘7’?-’. = 5.36 . %
Demultiptexcr ! §
1. Card, Common Electronics 8.6 6.4 0.55 H

2. Card, SB/TSRC 32.0 6.5 2.08 l

3. cCarxd, Diagnostics 9.3 6.6 0.61

:

4. Module, Draver/Receiver 14.3 6.7 0.96 :

5. Power Supply 3.8 12.4 0.47 ‘

6. Panel Lamps 30.5 2.3 0.70 i

7. Other Items 1.5 45.0 0.68 .

¥ (a) = 100.0 Zii)l_agi)_ = 6.05 ‘
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CHAP 5 - JAINIAINABILITY ALLOCATIONS . DN 5B2
SECT 38 - MAINTAINABILITY ALLOCATIONS FOR THE
MULTIFLEXER SET

3. MEAN MAINTENANCE TIME ALLOCATION

Drviding the demultiplexer maiptenance time estimate by that for the multi-
plexer yields a K value of 1.128 for uce in solving equation (1) for x.
Also xequired are the percentage failure contributions for individual .
units to the overall failure rate. This data is taken from the failure rate
distrioution shown in SN 2 {4) and are as follows:

Multiplexer contribution (fcm) - 46.9

Demultiplexer contribution (fcd) - 53.1

100.0
Substituting and solving equation (1) for x:
 _Fn 4w % = 12.0 minutes
100 o0

(x) (0.489) + (2.128) (x) (0.531) = 12.C minutes
) x = 11,2 minutes

therefore, the mean corrective maintenance time allocated to the multiplesner

is x or 11.2 minutes, The corresponding value allocated to the demultiplexer
is Kx or 12.6 minutes.

4. MAXIMUM MAINTENANCE TYME ALLOCATION

Allocation of the Multiplexer Set maximum currective maintenance time (M )

max ct
requirement of 36.0 minutes is predicated upon maintaining the 1:3 ratio

(12 wminutes: 36 minutes) between the overall mean and .narimum maintenance tim:

requircments. Thus, the allocated Mmax ot for the multiplexer and demulti=-

plexer units is samply three times the allocated mean or:

Multiplexer Mmax ct ” 32.6 minutes

Demultiplexer M - 37.8 minutes

X ot
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QAP 5 ~ MAINTAINABILITY ALLOCATICNS DN 5B2
' SECT SB - MAINTAINABILITY ALLOCATIONS FOR THE
MULTIPLEXER SET

5. SUMMARY OF ALLOCATED MAINTENANCE TIMES

i " £ he multiplexer
SNS (1) summarizes the allocated Mct and Mmax o values for t P

and demultiplexer units.

-

SUB-NOTE 5 (1) Summary of Allocated Maintenance Times

*

UNIT ALLOCATED -NT ALLOCATED M_

ct max _ct
Multiplexer 11.2 33.6
peruttiplexer 12.6 7.8

(*) All times in minutes.




CHRPTER 6
MAINTAINABILITY REPORTS

3 This chapter contains a detailed task description of the maintainability re-
ports adentifying the documentation requirements and presenting examples of

reports relative to the Multiplexer Set.
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MAINTAINABILITY CHAP 6

CHAPJER S § MAINTAINABILITY REPORTS

SCCTION 6A = MAINTAINABILITY REPORTS INTRODUCTION ?
Design Note 6Al - Detailed Task Description
6A2 ~ Documentation Requirements

SECTION 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY REPORTS
Dasign Note 6Bl - Multiplexer Set Ccmbined Examples of Reliability and
Maintainability Reports

8
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‘CHAP 6 - MAINTAINABILX1Y REPORTS SECT 6A

SECTION én
MAINTAINABILITY REPOXTS INTRODUCTION

Thas section contai. s a task description and documentation requirements for

§ naintainability reports.

)
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CHAP 6 ~ MAINTAINABILITY REPORTS - SECT 6A
SEC'TICN 6A - - MAINTAINABILITY REPORTS INTRODUCTION

DESIGN NOTE 6Al - DETAILED TASK DESCRIPTION
1. GENERAL
2. PROGRESS REPORTING MCTHODS

DESIGN NOTE 6A2 - DOCUMENTATION REQUIREMENTS

1. GENERAL

1 (1) Reliability/Maintainabilaty Program Status Reports

1 (2) Reliability and Maintainability Allocations, Assessments, and Analysis

Report

230
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CHAP-6 ~ MAINTAINABILITY REFORTS DN 6al
SECT 6A - MAINTAINABILITY REPORTS INTRODUCTION

DESIGN NOTE €Al DERAILED TASK DESCRIPTION
1. GENERAL

The primary purpose of the maintainability report is simple: it is to provide
a current accounting of the maintainability program progress. The interval

of report geriodicity is usually contained in the contract data requirement
list (CDRL) as a part of the RFP and, eventually, the contract. The periodi-
city of these reports may vary from monthly to midcontract and final, Most

oftea, the cortract stipulates a quarcerly report.

4te report cortent may vary, as well as the periodicity. There are summary
reroxts that may be considered adequate, and there are detailed reports that
include nacrative and graphical treatment of trends, problems encountered or

anticipated, and action taken or proposed,

2. PROGRESS REPORTING METHODS

There are several methods cf making a periodic progress report, and most re-
quire some sort of agreement between the customer/contractor. Latltude for
these various repcsting techniques is provided in MIL-STD-470, which states
"these reports may be combined with other program documentation.” Some of
the current progress report methods include reliability/maintainability pro-
gram status reports and the reliability, maintainability allocat.ons, assess-

ments, and analysis report.

The data item description for these methods is covered in "., 6A2. Examples
of these reports are included in Section 68.

231

— s - - - T st S




e - ] ]
4 (2% ! o E
- A CHAP+6 - MAINTAINABILITY REPORTS DN 6A2 i .

g o SECT €A - MAINTAINABILITY REPORTS ‘INTRODUCTION: P
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3

4 DESIGN NOTE 6A2 DOCUMENTATION REQUIREMENTS

%, |

: .

2 : 1. GENERAL

The data item for maintainability reports are described in SN-1 (1) and

B R -

SN 1 (2). These sub-notes are the data item descriptions that would ke listed

in the Contract Data Requarement List (CDRL) on contra t form DD-1423 when

the item is required by contract.
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CHAT 6 - MAINTAINABILITY REPORTS DN 6a2
SECT 6A - MAINTAINABILITY REPORTS- INTRNDUCTION-

- e o

sied

DATAITEM DRICRIPTION Tl mnvfeﬂnumn. S
e .. < - - ABENCY .1 . . NUNRER-. G

k3
- l . EQB-NOTE 1 (1) (Sheet 10f2 sheets) .Data Item Description ’

RELIY)

) DI-R=3542/
Relisbility/Maintainability Progras Status  Menorts <} -USAR Re110e2

=X . DI RBTION ~FREORE B & ASPASYAL BATR
e - ’ . > 21 vy 1971
a)?. e s FFiC P PAIMARY
2 To monitor and evaluate contractor's, progvess and | messenmmiiry
-7 S accoxnlishments in condncting the Reliability/Heintaja- .
E ahility Proaran for the applicable configuration ltem(s), ATSC

4. D8C 2LIVIAED -

PRPIEEN/ B2 - R, W S al v

:
¢ 4. APPROVAL LIMTATION 3

o i v
e [ AP FLICATION/ INTERARL ATIDNONTS N ] ‘g
b g
38 ! i
| 18 z Anplicable to contracts which contain the requirement 4
47 | for a Reliability/Maintainability Program, T pRATTRGCRE o & s :
- l HIL-STD-470 s
5 1 MIL-STD-471 3
b : MIL-§TD-72 z
- | MIL-STD-781 :
< HIL-STD-78S g
| :
i k)
‘\\' 3 : HEIL MUIRRRN é
Al <
. :
(43  PREPARATICON INSTRAUCTIONS :l
5 1. Fach repore shall include the following information as.a minism: * 5
3 a. The work accomplished and results obtained on each task definud by the work :
statement or the Contractor's Reliability/Meintairability Propram Plen, £

b, Sumnaries of the status of previously renorted nrohlems which were unresolved

at the close of the last rerortinp period. :
c. A list of current problems containing: B

(2) The date on which the problem was first detectad. ‘ ¥
(3) A short statement identifying the prohlem and its cffect. N
(A) The persons and the activity assigned to work on the problem,
(5) The expected resolution date,
(6) A short statement of accomplishment to-date or a cross-reference to

other reports, i
(7} The date the nrohlem was resolved,

NOTL: A problem may be dropped from the list after reporcine resolution,

d. A specitic accounting of each desinn roview action item remainina onen at the
! end of the last report period including a full description of the action tuken on

t

|

% (1) A serial numher assigned to identify the problenm,
i

|

i

i

|

i

l

; each item, >

e e, A summary of all major tharacteristics departures recorded during the report )
" period, indicating defsctive characteristics, extent of deviation from scceptable -
R | linits, and action taken,
T : f. Identification of observed potential relisbility/maintsinahility nroblems ) .
3 ! introduced hy Government-furnished and associate-contracicresupnijed elements, and !

LY

2

¥ ; L

‘-; : DD 1539—1864 Pass .l— (I 7T
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CHAP 6 - MAINTAINABILITY REPORTS' N 6a2
SECT 6A - MAINTAINABILITY REPORTS INTRODUCTION o

'FUB-NOTE 1 (1) (sheet 2 of 2.shests) Data Item Description

J"’\

descriptions,o? accomnodations or impr t chanfés deemed ecessary to

nake such elements compasitie,

g+ A sumaary of the results of quality avdit actions ccnducted during

P

the reriod, inciudim& corrective action stiatus of all new and nrevious:y
untesolved problens,

h. A discussion of the currently observed and nredicted nctentizl
reliability for the contract item, The establiched reliabilitv requirements
will be included for commarison.

2. The report shall snclude a oravhic discussion of trands, A breakdown

to the confinuration item 1cvel shall he made in the fellowine manner:

Minimm Acceptable Allocated "redicted Observed values (e.n,, ;

Reauizerents ‘lover confidence level, :
. nean, max, nrocedures,
. consumer risks, ote,)

Skt REritg

3. The veport shall include nroposed changes to the Reliability/Msintainability

Program Plan (as applicable).
4. The final reliability/maintainability nrogress report shall he a surmary-

type "technical report” indicating the nsjor reliability/maintainsbility .

events in the pronrar and resuits achieved, -

A s R S e

e PR A A e T 32 Roanchodd e A

(SR PP
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CHAP 6 - MAINTAINABILITY REPORTS ¢ DN 6A2
SECT 6A - MAINTAINABILITY REPORTS INTRODUCTION

FUB-NOTE 1 (2) (Sheet 1 of 2 sheets) Data Item Description

} : T 1
CATA ITEM DESCRIPTION - “"'::“""‘”W:u:':':.
Reliability and Maintainability Allccations, Assessments, USAF lll;’t-}S‘.\S/ §
and Analysis Report =103-2
Tnis report s used to (1) cvaluate the contractor's estizate 21 “ay 1971 t
of reliability and zaintairability (the ,redicted grovtn, s'"f'::—:;:"::li;-:n:'ﬁﬁ" - 3
allocation, and degree of achicvement of these characteris- ' H
tics in the configuration item and its constituent elements); AFSC i
¥ (2) evaluate the current ond potential reliability and maln- [y ooeacioes
e tainability of the configuration ftem desigas () providc fn~
formation to assist in directing 2nd planning for relfability
ard naintainability and related program efforts; and (4) © APPAGIAL LT ATION
fdentify design features which are critical to reliability
Lmini?'. ';13L=~E~"'IQN!~ » "
This Data Item Description is applicable te system develop-
ment during the contract validation o4 [v'} scale developr I e t
uent phases and equijrent development contracts for complex Lisex 10)
equipments through the end of category II tests. It may MIL-STD-470
be applied to appropriate conceptual phase studies, explora- MIL-STD-721 e
tory, and advanced equipment developments. It may also be MIL-STD-756 i
used to define information to be submitted {n response to MIL-STD- 785 B
- ] a request for proposal. MIL-HDBK-217 %‘
MIL-HDBK-472 3
MIL-STD-499 #
3
)
ﬁ} MCSL HUMBERS g
» &
16 CREFARATICH INSYR,CY ONS "?
1. This report shall contain, as a minimuo, the following information: c:
. 7
a. Contractor's analysis of reliability ani maintainabitity potential of the i
configuration iten design, fncluding mathemat.ical models. logic diagrams, functional é
block diagrams, assuzed operating conditions, environmental criteria, &nd other con- i
siderations used in the czlculations (i.e., combining data and confidence iimits when H
msltiple tests are conducted). 2
4
b. Equipment breakdown to the lowest practical level of indenture with associated f:
Y relizbility and raintafnability parameters. 3
. v. Analysis of poteatial modes of fallurcs; their probable cause znd effects on 3
rerformance, relfability, and maintainab*lity. The severity of these effects and the 3
probability of cccurrence under applicable operating modes and environments shall be §
indicated. Definftions of failure must include those expected to be used by maintenancd H
personnel and operators. :
b
3 d. Description of the purpcse and function of applicable items. ;
H e. A description of trade studies {nvolving reliability, maintainadility, and i
: other factors and the resulting effects on overall system effectivencss, Trade studies 3
shall be made available at the request of the procuring activity to substantiute/expand ¢
results. k )
¥ H
£, ef elf- #os
. fects of storage, sh:lf-1ife, packaging, transportation. hsndling, and ‘
235 3
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CHAP 6 - MAINTAINABILI1Y REPORTS DN 6A2
SECT 6A ~ MAINTAINABILITY REPORTS INTRODUCTION

i
_SUB-NOTE 1 (2) (Sheet 2 of 2 sheets) Data.Item Description kﬁ

s e - N

D1-R-3535/R-103-2 (Continue 3}

Preparation Instructions (Continued)
waintenance on the product reliability. Major or critical characteristics of
items which deteriocate with age should be included, plus environmental limits,
raintenance philosophy, equipuent usage, etc.

g. The contractor's conclusions, identification of problem areas, related

actions taken or proposed, and a list of further design studies planned as a

result of these analyses.

h. The contractor's allocations of the overall quantitative goals and
minimum requirements for configuration Ttenm reliability and maintainability as

specified by the procuring activity or developed by the contractor. As a

general rule, this breakdown should be carried to the level at which failure

reports will be submitted.

S Ravdratith

3

i, Current observed achievement of reliability or maintainability of the

B

configurativa item and its ccastituent elements to the lowest practical level

et AR

of indenture. In esch case, the type and units of measurement shatl be clearly
identified (e.g., the distribution of TBF, TBF, TTR active time, TTR man-hours,
availability, probability of satisfacto.y performance, percent successful, etc.).
Confidence levels or intervals shall be staced where appropriate. Achieved and
predicted reliability growth curves shall be included. A comparison with the
analysis and allocaticn for the configuration item shall be included.

Note: TBF -~ Times Between Failures

Y b N @A vk 5 S RO PR ¢ U LT Y.

CBF - Cycles Between Failures

TIR ~ Tinmes to Repair

A B3
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- CHAP 6 - MAINTAINABILIIY REFORTS

SECTION 6B

MULTIPLEXER SET EXAMPLE MAINTAINABILITY REPORTS

This section contains an example of the reliability and maintainability re-
’ ports relative to the Multiplexer Set. It is a combiration of the program
status report and the allocations, assessments, and analysis report. Fox

this example, the reliability data is intentionally omitteZ.

237

Y L R L I L R R R R T




i
CHAP 6 - MAINTAINABILITY REPORTS SECT 6B !
SECT 6B - MULTIPLEXER SET EXAMPLES OF MAINTAINABILITY REPORTS .

]

MULTIPLEXER SET COMBINED EXAMPLES OF
DESIGN NOTE 6BL RELIABILITY AND MAINTAINABILITY REPORTS

i
INTRODUCTION
(1) Cover Page

B N A G

(2) Preface

(4) Part I - Reliabality Program Status Report Outline
{5) Part II = Maa .ainability Program Status Report

1.
1
1
1 (3) Table of Contents
1
1
1

(6) Part III - Reliw-ility and Maintainability Allocation, Assessment,
and Analysis Report, Revision 7

1 (7N Part V - Program Discussion

e ot

-

S
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CEAP 6 - MAINTAINABILITY REPORTS DN 6B
SELT 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY REPORT

MULTIPLEXER SET COMBINED EXAMPLES
DESIGN NOTE 6Bl OF MAINTAINABILITY REPORTS

1. THTRODUCTION

This design note contains an example of a :ombined reliakility and maiatain-
ability report cn the rultiplexer set. Examples of the contents in each
gection of these reports are contained in SN 1 (1) through SN 1 (7). The
reliability data 1s antentionally omitted unless pertinent to the maintain-

ability report.

SUB-NOTE 1 (}) Cover Page

CER~RM-003-6

Reliability Program Status Report:
Haintainability Program Status Report;
Reliability and Maintainability Allocation,
Assessment, and Analysis Report (Revision 7);
Failure Summary Repcrt

For

Multiplexer Set AN/GSC-24 (V) ‘ 3
Contract: I30602-70-C-0143 29 February 1972

o

S

SUB-NOTE 1 (2) Preface

LRIV

maintajnability program for Multiplexer Set AN/GSC-24(V).

Part ) contains the seventh Reliability Program Status Report.

Part II contains the seventh Maintainability Program Status Report
Paxrz III contains the seventh revision to the Reliability and
Maintainability Allocation, Assessment, and Analysis Report (RMAAA).,
Fart IV contains the seventh Failure Summary Report, ‘

i
This document contains four reports covering the reliability and i
!
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CHAP 6 - MAINTAINABILITY REPORTS DN 63}
SECT 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY REFORT

1
SUB-NOTE 1 (3} Table of Contents l

Preface
Table of Conternts
Part I: Reliability Program Status Report*
1.0 Introduction
2.0 Task Summary
3.0 Problem Summary
4.0 Critical and Major Characteristic Departure
5.0 Quality Audit Actaions
6.0 GFE Reliability Problems
7.0 Current Reliability

Part II: Maintainablility Program Status Report
1.0 General
2.0 Current Predict’ons
3.0 Maintenance Related Data
4.0 Plans for Next Period

Part III: Reliability and Maintainability Allocation,
Assessment, and Analysis Report, Revision 6

1.0 Introduction

2.0 Equipment Description

3.0 Relaability Analysis*

4.0 Maintainability Analyses
Part 1V: Failure Summary Report*

Part V: Program Discussion

Appendix I PREFERRED PARTS LIST*
Appendix XI RESUME* :
Appendix III BEAM LEAD HYBRID ANALYSIS*
Appendix 1V POWER SUPPLY PREDICTION WORKSHEETS* '

References*

T#This item antentionally omitted from this example.
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i CHAP 6 - MAINTAINABILITY REPORTS) DN 6Bl
SECT €8 - MULTIPLEXER SET EXAMPLE REPORT

Stu-NOTE 1 (4) (Sheet 1 of . sheets) Reliability Program Status
Report Gutlive (CLIN B032 and R-110-2)

1.0 Introduction

This part contains the seventh Reliabilaty Program status repori cover-
ing the period 16 November 1971 through 15 February 1972. It contains ¢n
accounting of work done and results obtained on each task defined by the
work statement of the prcgram plan. Up-to-date summary discussions of cur-
rent and future status i; provided and a current list of problams are in-
cluded.

2.0 Task Sumnary

This report is an update of the Reliakility Program Plan, reference 1,
dated 14 August 1870, Figure I-l presents the updated milestorne chart.

2.1 Reliability Apportionment

2.2 Design Reliability Prediction

) 2.3 Design Reviews
2.4 Reliability Program Reviews

2.5 Parts Control

2.6 Dorta Collection, Failure Analysis, Corrective Action

3.0 Problem Summary

4.0 Critical and Major Characteristic Departure

5.0 Quality Audit Actions

6.0 GFE Reliability Problems

7.0 Current Reliability
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SECT 6B - MULTIPLEXER SET RXAMPLE REPORT

CHAP 6 - MAINVAINABILITY REPORTS
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CHAP- 6 - MAINTAINABILITY REPORTS i DN 6nl
SECT 6B - MULTIPLEXFR SET EXAMPLE MAINTAINABILITY REPCRT

SUB-NOTE 1 {5) Part II - Maintainability Program Status Report l

Lt A r———————p——— o i

1.0 General .

Laboratory testing of the first Multiplexer Set prototype, initiated
last reporting period, cortinues. Functional performance of integral
dragnostic circuits has bs.n demonstxzted for both the multiplexer and
dermultiplexer chassis.

Severai minor problems having meirtcnance impact were discovered, in-
vestigated, and resolved dGuring this reposting period. These are discussed
in Part III.

2.9 Current Predictions

Currently predictcd maintinance times are ac follows:

_ Reqrared Predicted
ay Mct 12.0 minutes 6.32 minutes
b. M 36.0 minutes 16.40 ninutes
max ct

The above predicted values remain unchanged €rom those previously reported.

1}
'3.0 Maintenance Related Data

!

RADC comments relative to the Multiplexer Set Maintainability Demon-
strition Plan were received this period. The contents of these comments are
currently being reviewed before initiation of plan revision.

Submittal of revised AGERD, previoucly planned for this reporting pezio
will be made upon completion of card and module test set cost estimates.

4.0 Plans for Next Period

Plans for the next reporting period include the following:

a. Submittal of revised AGERD

b. Continuation of Calibration Requirement Summary (CRS) preparation
¢. Revision of Maintainability Demonstration Plan.

d. Initiation of naintainability demonstration task cample selection.

i
:

d,
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y - H
f T -CHAP A = *AINTRINABILITY REPORTS ) . DN 6B1 :
5 SECT 6B ~ MULTIPLEXER £3T EXAMPLE MAINYAINABILITY REPORT f

i

SUB-NOTE 1 (3) (Sheet 1 of 5 sheets) Part III - Reliability
.and Maintainability Allocation, Assessment,
and Analysis Roport, Revision 7

1.C Introduction

This seventh revision updates data submit.sd an earlier reports and
documents additional analyses.*

2.0 Fguipment Description

¥
Eé‘n 2.1 General

123

i ‘ The Mustiplexer Set is app!.:.ed in the Defense Cormunicaticns System (DCS) {
2 . for combining digital channels into a single, time division multiplexed, '
o digital daca signal. The fixst application of thi Multiplexer Set is ex- ‘
‘é» pected t¢ b2 in the Phase II Defense Satellite Communications System (DSCS §
& Phase II). Satellite access and shoxt-haul, higu-~density applications also !
: will involve TDM transmission over widgbazrd ground links. The wide variety ‘
o)

, of dat: rates which must be accommodated to service the many DCS users pro-
. parly results in a wide range of the number of channel inputs to a multi-~ l

plexer; it further requires the capability to cascade multiplexer sets to
2 reach high data rates for effircient link loading.

% 2,2 Operating Functions
i

The Multiplexer Set provades asynchronous time division multiplexii

and demultiplexing capabilities. The multaplexer portion accepts various
lower rate digital input streams amd interleaves them into a single higyher
speed digital stream. The demultiplexer portion accepts a high speed digital
stream, with associated timing, and disassembles it into a number of lower
rate iigital streams. The Multiplexer Set provides full duplex operation,
performing independently and simultareously the multiplexer aud demultiplexer
functions.

The Multiplexer Set acquires frame and raintains bit count integrity on '
all channels while accepting input data timing variations within prescribed \
limits, The Multiplexer Set automatically determines where an out~of-frame |
condition exists. Upon determination of this conditlon, the equipment autc-
matically and continuously atlempts to reacquire inframe condition. When the .
cause fur out-of-frame condition has been removed, the reacquisition of in- .
Iframe condition is automatically accomplished. i

"% This example does not include the reliability data normally patt of a
combined report,
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CHAP 6 =~ MMWINTAINABILIZTY RE™ORTS DN &u}
SECT 6B - MULTIPLEXER SET EXPt 2".h MAINTAINABLLITY REPORT

SUB-NOTE L (6) (Sheet 2 of 5 sheets) Part III - Reliability
and Maintainabilit: Allocation, Assessment,
and Analysis Report, Revision 7

The multiplexer automatically generates and transmits, as part of the
composite multiplexer output data stream, the overhead data required for
proper cperavion of the demultiplexer. The multiplexer does not require an-
foxrmation from the dumultiplexer to perform the overaead data function. The
demultiplexer receives and automatically detects and utilizes the overhead
data for proper operation of the demultiplexer.

2.3 Packaging Characteristics

The Multiplexer Set is hcused in two dip brazed aluminum drawers, one
for the multiplexer and another for the demultiplexer. These drawers measure
approximately 26~7/32 inches high for a total height of about 52-7/16 inches.
The 17-1/4-inch width makes the equipment suitabie fus otandard relay rack
wounting. Chassis slides are mounted on each side of the drawers. When the
drawers are pulled out, they may he tileed $45° and +90°.

All operatoxr controls ard indicators are mounted on a front panel. Wires
from the front panel components are rcuted to the internal electronics through
connectors which are mounted in a seccndary panel directly behind the front
panel.

The electronic cixcuits are mounted on ed,e-loaded cards which, an tura,
are mounted in a wiring plane. A total of 31 card types are uscd in the
Multiplexer Set. Of these, nine types are common to both the multiplexer and
demu.ziplexer vaivs., Table IIX-1 is a listing of card types by name and unit
applicaticn.

The multiplexexr rate comparison buffer card (RCB) may be replaced by a
source rate to transwission rate converter card {STRC) or a transition en-
coder card (TE). The demultiplexer smonthing buffer card (SB) may be re-
placed by a transmission rate to source rate converter card (TSRC) or a tran-
sition decodexr card (7D).

Line driver and line recciver circuits are assembled into enclosed, RFI
sealed metallic modules. Each module contains two line recelver circuits or
two line draver c.rcuits. Thirty-thres modules are mounted on the back of the
multiplexer and 32 on the demultiplexex drawers. On the multiplexer, 31 of
the modules are line receiver modules (total of 62 line recveiver circuits) and
one is a high-speed line recelver used in conjunction with external timing
input, and one is a line driver module (total of two line driver circuits).

P




CHAP 6 - MAINTAINABILITY REPORTS ) . DN 6Bl
SECT 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY "REPORT
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SUB-NOTE 1 (6) {(Sheet 3 of 5 sheets) Part III - Reliability 2
and Maintainability Allocation, Assessment, !
and Analysis keport, Revxsi:on 7 i /

TABLE III-1 i
Multiplexer Set Princed Circuit Cards

Name Used In
1} Power Supply Monitor Mux/Demux
2) Mux Lamp Driver Mux
3) Overhead Enable Generator Mux/Demux
4) Strapping Switches Mux/Denux
5) Port Sequencer Mux/Demux
6) Sequencer Diagnostics Mux/Demux
7) Channel Sequencer Mux/Demux
8) Gates Clccks Mux/Demux
9) Reference Timec Mux

10) Data Multiplexer Mux

11) Oscillator Carrier Demux ‘\,

12) Dastributor Matrix Demux ,

13) Davide-by-n Counter No. 1 Demux i

14) Davide-by-n Counter No, # Demux |

15) Synthesizer Distributor Demux

16) Frame Sync Demux i

17) Variable Length Shift Register Demux i

18) Channel Monitor Mux,/Demux i

19) On-Liue Maintenance Mux/Demux

20) Mux Remote Atarm Mux

21) Frequency Synthesizex Denux

22) Demux Lamp Drivexr Demux

23) Demux Remote Alaxm Demux

24) Pate Comparison Buffer (RCB) Mux

25) Source to Transmission Rate Converter (STRC) Mux

26) Transition Encoder (TE) Mux

27) Smoothing Buffer Hign Sperd (SBHS) Demax

28) Smoothing Buffer Low Speed (SBLS) Dermux

29) Transmission to Source Rate Converter (TSRC), Demux

High Speed

30) TSRC Low Speed Demux

31) Transition Deccder Dermus:
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DN 6Bl
SECT 6B - MULTIPLEXER SET EX/IIPLE MAINTAINABILITY REPORT

SUB-NOTE 1 (6) (Sheet 4 of 5 sheets) Part III - Reliability
1 and Maintainability Allocation, Assessment,
§ and, Analysis Report, Revision 7

On the demultiplexer, 31 of the modules are line driver modules (total of 62
line driver circuits) and one is a line receiver module (total of two line

! receiver circuits). The wires from the modules are routed into the chassis
i through EMI filters.

! The multiplexer and demultiplexer both contain dual power supplies. :

Power distribut: n between powar supplies, wiring plane, and modules 1s by
means of laminated bus bars.

Eac™ multiplexer and demultiplexer chassis incoiporates a coolang blower :
locatcd on the upper rear surface. These blowers draw air from the front of !
the equipment, and from the rear of the equipmant via the line draver and !
receiver module area. Coolang air entering the drawer internals is routed
through filters located at the top and bottcm of the chassis front panel.

3.0 Reliability Analysis (This paragraph intenticnally cmitted.)

4.0 Maintainability Analysis

4.1 Maintenance Time Predictions

28

Predicted Multiplexer Set maintenance times remain unchanged from those @
reported in Revision 5. Mct and Mmax ct values ave 6.32 and 16.40 minutes ' %
£

respectively, and are sagnjficantly below the specitied requirements. ﬁ
1 P
During this reporting period, selected maintenance tasks wore performed, {
using Multiplexer Set prototype 1. The purpose of this effort was to obtain 5
a spot check comparison between predicted and observed times for frequently =
performed tasks or task elements. Results of this effort indicate a reason- %
ably good correlation between precicted and observed times, with most ob- Z

served task times being lower than those predictad. Dependent upon hardwareg

availability, further such spot checking will be performed during the next
reporting period.

3 e

4.2 Laborztory Assessment I

As a result of laboratory assessment efforts this period, three design
problems having maintenance impact were observed. All have been corrected

vie design revision. The following paragraphs briefly describe these pro-
biewms and their solutions.
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CHAP 6 - MAINTAINABILITY. REPORTS . . ’ DN. 681
SECT 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY REPORT

‘SUB-NOTE 1 {6) (Sheet 5 of 5 sheets) Part III - Reliability
and Maintainability Allocation, Assessment,
and _Analysis Report, Revision 7

4.2.1 Power Filter Replacement :

A mechanical interference problem between the chassis structure and the
harness connectiag to the eguipment side of the inpuc filter assemblies was
observed, This anterfersnce precluded filter replaceaent from the rear of
the chassis, thus requiring wiring plane removal as part of the filter re-
placement process. This problem was resolved by enlargement of :che chassis
clearance holes through which the filter wirang harness is routed. With this
change, either of the filter assemblies may be extended a sufficient distance
from the chassis rear surface to permit separa.ion or connection of the

o

%

filter electrical terminals. %
This revision has been incorporated in the Multiplexer Set prototypes, ,é
and has been demonstrated to have corrected the problem. ‘ %
4.2.2 Excessive Cable Flexure (E §
Routing of the cnassis wiring harness between the input power filter as- ! ‘é

semblies and the front panel assembly was observed to be causing excessive
short radius harness flexure at the front door interface. To correct this

. problem, the wiring harness has been lengthened and clamped to cause flexure
over 1ts entire length. Laboratory testing has shown this to be an acceptable
i solution, and the problem is considered resolved.

t 4.2.3 Power Supply Replacement

f

|

t

Positive S5-volt and 5-volt return outputs of the Multiplexer Set power l

supplies interface with chassis distribution buses via heavy gauge jumper

straps. Routing of these straps in the No. 1 prototype chasslis was observed :
tc be causing unacceptable interference between the straps and the power sup-

ply assemblies. BAlso, shortness of the siraps combined with the thickness :

of strap material made physical intecconnection with the supply output ter~ N

manals extremely difficult. .

!

i

P L 1 0 e B B B s er B b TR i

Thas problem has been resolved by a length.aing and rerouting of the
interconnection straps. Laboratory trials with this design revision have
demonstrated that power supply replacement can now be accomplished without
abnormal difficulty.
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CHAP 6 - MAINTAINABILITY REPORTS DN 6B1 i
SECT 6B - MULTIPLEXER SET EXAMPLE MAINTAINABILITY REPURT

SUB-NOTE 1 (7) (Sheet 1 of 2 sheets) Part V - Program Discussiogw

1.0 Program Discussions

This secticn summarizas general discussions that have taken place be- .
tween the Multiplexer Set customer and contractor.

L e

" 2.0 Program“Review at RADC - December 15-17, 1971

The minutes of this meeting have been published under contractor letter
number 72-3C041, iated 11 January 1972.

3.0 Customer Visits

Captain ( ) of RADT visited the contractor facility on
January 27 and 28. Replacing Captain ( ) as the RADC reliability
and maintainability specialist, Captain ( ) was briefed on the overall
Multiplexer Set design effort. Particular attention was given to the re-
liability and maintenance related design details and rfeatures.

A genecal discussion of the forthcoming maintainabality denonstration
2 vas held. It was agreed that increased RADC/contractor coordination and
tiaison would be instituted as demonstration planning firms.

A genexal discussion o€ “he forthcoming environmental and reliability
demonstration tests was held, in addation to a review of the total Multiplier
Set reliability effort. Ground rules for revising previous RMAAA rcports were )
established. It was agreed . hat thes( revisions would be ircorporated in
this report rather than reissuing the old reports.

-

¥
L
%
#

On February 4, 1972, Mr. { __) visited the contractor facility

) requested that the failure rates on the Multiplexer Set
cards be provided for three levels of part classifications. These were pro~

5 Me, (
t
é vided to Mr. (
§
§

R

W

3B

) in a letter communication on February 9, 1972

4.0 Telephone Communication

On February 14, 1972, Mr. ( ) called Captain ( ) 2nd requested

that RADC consides relieving the salt fog requirement in the environmental testl
plan. Since the environmental unit is scheduled for GFE tests at ETR, it is
feit the salt fog test will be nonbeneficial to the ETR objectives. The
Multiplexer Set by design will not prevent salt cake from totally permeating
the unit to such an extent at will vartually be impossible to clean the unat,
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CHAP 6 - MAINTAINABILITY REPORTS DN 6BL
SECT 6B ~ MULTIPLEXER'SET EXAMPLE' MAINTAIMABILITY REPORT

SUB=NOTE 1 (7) (Shecet 2 of 2 sheets) Part V - Program Discussion| '

and in particular the wiring plane. This will inhibit long t-rm sexvice
testing by the Air Force. Captain ( ) agreed to investigate the H
benefit of this test to the Multiplexer Set program and advise.

5.0 General i

ek e e o sameriih

Due to the revision of the test quantities in the reliabality demonstra-
tion tests, the demonstration test plan is being revised. This revision will
be completzd by March 30, 1972.
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CHAPTER 7
TRADE-QOC'F3
This chapter contains a description of the maintainability trade-off tack,
with guidelines, methodology, and procedures. An example of a discard versus
repair trade-off is included for the Multiplexer Set. The last section

contains data related to the cost of designing in varying degrees of
maintainability.
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MAINTAINABYLITY CHAP 7

CHAPTER 7 TRADE-OFFS

SECTION 72 - MAINTAINABILITY TRADE~OFF TASK DESCRIPTION
Design Note 7Al - Detailed Task Description
‘ 7A2 - Trade-Off Processes

SECTION 7B =~ MAINTAINABILITY TRADE-OFF GUIDELINES AND METHODOLOGY
Design Note 7Bl - Guidelines and Methodology

SECTION 7C ~ MAINTAINABILITY TRADE-OFF PROCEDURES
Design Note 7Cl - General Trade-Off Procedures

7C2 - Repair/Discard Trade~Off Procedure

SECTION 7D - MULTIPLEXER SET TRADE~OFF EXAMPLE
De~ign Note 7Dl - Discarxd versus Repair Cost Analysis for the Muliiplexer
Set Printed Circuit Cards and Modules
SECTION 7E - COST OF MAINTAINABILITY (to be inserted after corxrection)
Design Note 7El ~ Purpose, Scope, and Data Sources
7E2 - Cost of Maintainability Roots
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CHAP 7 - TRADE-OFFS SECT 7A

SECTION 74 MAINTAINABILITY TRADE-OFF TASK DESCRIPTION

DESIGN NOTE 7Al = DETAILED TASK DLSCRIPTION
1. GENERAL

DESIGN NOTE 7A2 - TRADE-OFF PROCESSES

1. TRADE-CF¥ CRITERIA

(1) System Cost Categories

(2) Typical Equipment Cost History

P b e

{3) Typarcal Display of Total Lifetime Cost vs Initial Cost
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CHAP 7 - TRADE-OFFS DN 7A1
SECT 7A - MAINTAINABILITY TRADE-CFF TASK DESCRIPTION

DESIGN HOTE 7Al DETAILED TASK DESCRIPTION
1. GENERAL

A trade-off is defined as an analysis of competing 3ystem characteristics and
factors to determine the optimum overall combination. Simply stated, it is a
comparison of two cr more ways of doing something for the puxpose of makiny a
decision. Trade-offs are conducted to some Gegree of complexity and detail
in all phases of develcpment of a system. The primary purpose of ¢ maiutain=-
ability trade-off 1s to enable selection of that system design and maintenance
concept candidate which meets or exceeds the operational requirements at the
minimum total system cost.*

The secondary objectives of trade-offs are to:
* Investigate the relative advantages of various concepts or con-
figurations (sensitivity testing).
* provide data and background for feasibility of a program.
* Provide a basic medium, with facts, by which decision can be mad:
by management.
* Substantiate oxr refute a previous decision.

The trade-off musu consider all the factors and not just present those advan-
tageous to some prejudiced viewpoaint. The incomplete tradeoff study can
present shaded facts that will lead to decisions that wall be detrimental in

terms of life cycle cost when the system becomes operational.

Maintainability related trade-offs can be classified into three major categories:
* Design philosophy
* Maintainability design trades
* Maintenance support trades
*This assumes that the system contract is based on life cycle cost. If the
contract is based on acquisition cost alone, then, in practice, the trade-

off objective will be to select the design candidate which meets the opera-
tional requirements at the minimum acquisition cost.
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: CHAP 7 - TRADE-OFFS DN 7AL
SECT 7A - MAINTAINABILITY TRADE-OFF TASK DESCRIPTION |

in each case, the advantages and disadvantages in terms of effect on opera-
tional effectiveness and life cycle cost are considered. The most significant
problem 1n conducting a trade-off is the acquisition of reliability, cost,
naintenance time, and other data. This problem 1s extremely acute in early

rhases of equipment development. Reliability data is used to:

* Calculate the number of equipment failures, which is used as

a basis for determining support requiremernts.

Calculate the system/equipment ﬁ;t'

Identify requirements for design consaderations.
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CHAP 7 - TRRDE-OFFS DN 7A2
SECT 7A - MAINTAINABILITY TRADE-OFF TASK DESCRIPTION

DRSIGN NOTE 7A2 TRADE-OFF PROCESSES

1. TRADE-OFF CRITERIA

hs in all system trade-offs, each candidate must meet or exceed the mission
reguirements and program constraints. Beyond that, costs are the basic
selection criteria f.r trade-cifs. The costs assocciated with each cquipment
design and maintenance concept alternative are computed, and the least costly

alternative that provides the desired effectiveness is selected.

The costs associz2ted with alternative equipments are composed of three major
cost categories: research and devzlopment, acquisition cr initial investment,
and operation and support. The general costs contzibuting to the three
categories are shown in S¥ 1 (1). These general cost categories correspend

to the life cycle of avw piece of eguipment ~ development, introduction, and
operation.

SUB-NOTE 1 (1) System Cost Categories

Research and Development Costs Initial Investment Costs (continued)
(1) System Development (2) Ppersonnel
(a) Preliminary study and (a) Increased manpowc.
design requirerents
(b) Design engineexring (b) Initial train:ing
{¢) Hardware fabrication (c) Tnitial travel
(d) Documentation
(2) system Test and Evaluation (3) Facirlities
(2) Equipment fabrication :
: (6) Test programs (including (4) Mzgceilaneous Investment
| Reliability and osts
| Maintainability) Operating Costs
i (c) Test equipment -
(d) Facilitres (1) Eqwpnent

(a) Operation

(3; Other System and Development (p) Training allowance
Costs (¢} Annual transportatisn
{(a) Maintenance and spares (d) Maintenance
| support (e) Spares F

(b) Miscellaneous
(2) Ppersonnel

initial Investment Costs (a) Pay and allowance

(1) Equipment (b) Training
(a)  Initial Procurement (¢} Travel
(b) Spares and repair pgrts (3) Facilities
(¢} Inxtral transportation
(d) Installation (4} Miscellaneous Operating
Costs
257
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(HAT 7 - TRACE-OFFS DN TA2
GECT 7A - MAINTAINABILITY TRADS~OFFS TASK DESCR1FTION i

SN 1 (2) shows, in simplilied foxm, the coct history of a typical equipment.

The costs foc each of the three major cost categories are represented by

+
smoothed curves, typically displaying successive maximums. {
i

JIt 1> significant that a long period of operation at relatavely high cost will
’have a much greater impact oun the total cost than 2ither research and develp-
ment or initial anvestment costs. This concept can be 1llustrated by ploiting

a curve of total lifetime cost versus inatial cost per equipment for any de-

Investment

f

s red effectiveness level of an eguipment, as shown in SN 1 (3).
SUB-NOTE 1(2) Typical Equipment Cost

History i

]

j

H

1

Research and
Development

Operation

Cost

SUB-NOTE 1(3) Typical Display of
Total Lifetime Cost Vs Initial
Cost

gl
§ (Effectiveness Level 95%)
3 X
k] i ;’/, 3
L] 3
3 2
-1 . ) y
8 ¥ Optimum Point i .
2 ' %
= ] 1 1 [} 1 1 '
Initial Cost per | %
Equipment | ' f
&
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CHAP 7 - TRADE~OFFS UN 7A2 P
3ECT 7A - MAINTAINABILITY TRADE~OFF TASK DESCRIPTION

The optimum 1s the initial equipment cost that croduces the lowest total life-

time cost.
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CHAP 7'- TRADE-CFFS SECT. 78 ‘

X SECTION 78

MAINTAINABILITY TRADE-OFF GUIDELINES AND METHODOLOGY

i This section contains guidelines and methodclogy for accomplishing maintain-

! ability trade-offs, and also included a discussion of lamiting case analysis,

! !
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CHAP 7 - TRADE-OFFS DN 7B1
SECT 7B - MAINTAINABILITY TRADE-OFF GUIDELINES AND METHODOLOGY

DESIGN NOTE 7Bl GUIDELINES AND METHODOLOGY

l. TYPES OF TRADE-OFFS

?Eade-offs related to maintainability can he divided into two types: exception
trides and optimization trades. Exception trades are those which fall into

the all or none category, in the sense that any deviation from all or none of

the root will cause the maintenance cost to increase; for example, if the
"none" principle is violated for adjustments, in that one is proposed to k.
incorporated in a de51gn. then procedures and manpower must be furnished for
maintenance created by the presence of the adjustment. They are termed excep-
tion trades because they only need be conducted when some deviation-to the
all or none prin:iﬁle is proposed in theldesign concept or design. Maintain-
ability roots whiﬂh fall into this category are as follows:

®* None - Adjuslment

* All - Patkaglng claSSLflcatlon (functional)

* None - Preventive maintenance (including calibration)

© . ¢All ¢ Packaging mounting (plug-in)
* All - Interchangeab:llty

None - Acce551b111ty (stacking and multlturn noncaptive fasteners)

Althonéh'AGE”is not a maintainability root, it is a maintainability'factor.

and requlrements fot specxal tools fall in this same category (none) .

An example of conductlng an exceptlon trade is ad]ustments. Each time an ad-

Justment is proposed in a system, a trade should be conducted to determine if

the cust to desxgn the vystem without the adjustment results in greater or lessz
cost than the change in maintenance cost incurred with the adjustment in the 3a-

ployment phase. ' .

Optimization trades are those wricl. must be conducted on avery progqram because
there is no known answar or starting point for that maintainabllity oot in
terms of all or none, which results in the minimum maintenance cost.

262

PRECEDING PAGE BLANK



CHAP 7 - TRADE-OEFS. DN 7BL.
SECT 7B - MAINTAINABILITY TRADE-OFF GUIDELINES AND METHODOLOGY

The.maintainability roots which fall into this categorv are as follows:
* Standardization
* Packaging (structure)

* Fault location

The maintainabilicy factor which falls into this category is the maintenance

(and gpares) concept.

The first order effects that the maintainability roots and factors have on

the requirement for logastics resources is shown in SN 1 (1).

2. PRIME TRADE-OFF

In the conduct of maintainability trade-offs, there is one trade-off which
should be considered as prime. This prime trade-»£f is called the repair/
discard trade and results in the followang decicions:

The number of hardware levels, and the complexity of each.

The discard-at-failure (DAF) level

7The type of diagnostics for each hardware level.

The maintenance and spares concept for each hardware level.

I

This is an optimization trade-off. All other trades should be conducted aftexr

this one, using its results as the baseline design and support system.

As mentioned previously, each candidate should be analyzed to make sure that

it satisfies the required maintainability indices, such as E; , and any other

t
required constraints related to maintainability.

3. TRADE~OFFE RELATED TO SYSTEM CHARRCTERISTICS

“o this point, the impact of maintainability design and maintenance concept on

logistics resource requirements has been addressed.

In order to conduct tyrade-offs, howevex, some insight should be provided re-
gardiag the system characteristics which are fundamental in the relaticnships
(or sensitavity} ro maintairability roots. Also, the same insight must be
provided regarding the relationships between the maintainability roots. These
relationships are identified in SN 3 (1).

263

@sg

vl

R

[ frcstmmsin o aon s o ot R Fere s SO S R

Lt



Cdrp 7 - TRADE-OFFS DN 7Bl
SECT 7B - MAINTAINABILITY TRADE-OFF GUIDELINES AND METHODOLOGY

§
‘SUB-NCTE 1 (1) potential Impact of Maintainability Roots and Factors "
on Logistics Resource Requirements (First Ordex)
! Logistics Resources
[ |
i
g g H
13 i |
0 L3 ‘
-~ - L] o {
i o e [~ 5
o a8 Jo o t
ot [ ] S IR i
g (o g jo |~ @ '
Est s fed 24 L] -] [
S 21551808 |5
& 16 |48 18 (& 13 |& i
! |
’ Maintainability Roots :
Adjustments X X | X X | x* {
Calibration (PM) X X X I X | X*
Accessibility X X
Standardization X I X X ! 3
Interchangeability X 1x | X |X X* ! g
Packaging Structure (Number of levels and §
H ' cumplexity of each) X X 3%
: Y &
! Fault Location ’ %
: Type (automatic software, automatic
hardware, or manual) X l¥x X |jxinlx
Capability (resolution and com-
prehensiveness) X X X X X
Maintainability Factor
AGE X X X X X X X*
Maintenanze Concept X | X | X [ X |X [X | X*
*Varies wath the maintenance locatirion.
NOTE: Address guality and quantity of each logistics resource as a function
of each maintenance location for each root,
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CHAP 7 ~ TRADE-OFFS DN 781
SECT 7B = MAINTAINABILITY TRADE-OFF GUIDELINES AND METHOUOLOGY
'
SUBSNOTE 3 (1) kelationihip of System Characteristfus te
Maintainability Roots (Farst Order)
! |
}
. ~ 4
[-d
o
B fe
4K .
x Duf ot
su [0 HH (% {
- % Q i~ 0 R
3 INEIE i
51993 IR
A changa :n the requirement  Forces a change th this ae 2 2 siels|=jzlejallos }
for this (quantity) foptimum valus or glsial taleisizls Ig ol F13% :
R R - @ la|y c ~ t
required valu) BRI R = EA A ER A IR KB L
af—=1m a Sokiule G
» (o y olatvlyg [ula o ug 2
b K & R R LB 'R RN XS BYE Bl pel
s15i8lelg|a[81818(e)3 89 ‘
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K
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Besides these rx.latioaships, it is necessaxy to have reliability data as a

l constant input Lo maintainability trade-offs. Although, from a maintainabality
s.andpoint, reliability is treated as a constant, maintainability should input
{ & top level systeni trade wherein reliability is optimized in terms of the

types of corponenl. (commercial, malitary standard, cr high reliabality) and

types of testing (burn-in, etc.) conducted on those components.
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SECTION 7C
MAINTAINABILITY YRADE~OFF PROCEDURES

This section contains procedures for conducting maintdinability trade-offs
and discusses quantitative and qualitative repaix/discaca trade-off proce-

dures.
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SECTION 7C MATNTAINABILITY TRADE-OFI" PROCEDURES

DESIGH NOTE 7Cl - GEHERAL TRADE~OL'E PROCEDURES
1. GENERAL
1.1 Establish Integration and Contrxol
i]'l'l Contractor Interna’ Integration and Control
+ 1.1.2 Contractor/Procuring Agency Integration and Control
1.2 Gather Constraints and Identify System Requirements
1.3 Select Candidates
1.4 Cempzle Data (Quantaitative and Qualitative)
1.5 Document and Tabulate %
1.5 (1) Trade-Off Summary !
|
|

1.6 Analyze Results
1.7 Produce Report and Obtain Approval
1.7 (1) Trade-Off Procedure Summaxy

2. CONTRAC™OR/PROCURING AGENCY TRADE-OFF INTERFACE :
! DESIGN NOTE 7C2 -~ REPAIR/DISCARD TRADE-CFF PROCEDURE

1. GENERAL
2. QUANTITATIVE STUDIELS

2 (1) cCandadate Selection Flow Diagram
2 (2) symbols
2 (3) Relationships

2.1 Study No. 1 - BITE, Harwuware vs Software
2.2 Study No. 2 - BITF vs Eanternal Tast Set

2.2 (1) Hardware BITE vs Software External

2.3 Study No, 3 - BITE vs Manaal Fault Location

2.3 (1) Software BITE vs Mammal Fault Location ;
2.4 Study No, 4 - External {(Automatic) vs Manual Fault Location

2,4 (1) Exteznal vs Manual Fault Location

2.5 Study No, 5 - External Fault Location vs Discarxd at Failure Q
| %
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-
2.5 (1) External (Autoratic) Fault Location vs DAF
2.6 Study No. 6 ~ Field vs bepot Repair
2.6 (1) rield vs Depot Repair
2.7 Study No. 7 - Discard at Failure vs Manuval Fault Location
!
§
i
i
]
i
+
j .
| :
i
’ i
) '
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DESIGN NOTE 7C1 GENERAL TRADE~OFF PROCEDUKRES

1, GENEKAL

;The major steps of a trade study are to:
; ¢ Establish integration and control.

¢ Gather constraints and identify systen r:quirements.

Select candidates.

Compile data (quantitative and qualitative).

.

Document and calculate.
® Analyze recults.
* Produce report and cbtain approval,

1,1 Establish Integration and Control

1.1.1 Contractor Internal Integration and Contrcl

This step establishes the overall approach t» the trade~off, responsibility,
and scheduling to ensure effective and timely results. Since the data re-
qurred 1s generated or developed from various scurces (finance, eagineering,
procurement, raliability, maintainability, etc.), it is essential to establish

an aunthoratative source (task leader) for coordination of the effort.

The major tasks arxe to:
* Identify porticipants and recpousibility.
* Establish data sources and reguiremerts.
* Ectablish dirmensions for data.

. * Schedule inputs and outputs.

The definition of purpose, approach, and data requirxements i1s an essential
building block in the conduct of a trale-off. FEarly definition ensures that
data inputs are usable as submitted, correct, and in consonance with oth:r
data inputs. A common basis must be established that will allow rapid com-
parison of systems advantages and disedvantages. The data base most easily
understood by procuring agencies and industry .s the dollar. The dollar data
base establishes a cosi effectiveness comparison.
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1.1.2 CONTRACTOR/PROCURING AGENCY Integration and Control
The contractor/procuring agency has an interface in conducting trade-offs in
which the procurinc agency:
¢ 1Identifies the requirement for trade-off by specifying systen
acquisition based on life cycle cost.
* 1Identifies specific trade-off considerations in the Request for
Proposal (RFP).
* Approves of manpower effort for trade-off studies sutmitted and
identified by the contractor (in addition to those specified
in the RFP, the contractor may identify requirem¢nts for other
studies).
® Monitors status of trade-offs and the resuits, and gives con-
currence or recommendations for approval.
®* 1Is an integral factor in the overall decisions made as a result

of trade-offs.

1.2 Gather Constraints and ldentify System Reguirements

The constraints imposed on the system due to con’ractural documentation,
project or procuring agency decisions, system requirements, eic., should be
identified at this time. The constraints imposed on a system may, in fact,
elimunate the consideration of some tentative candidates dus to noncom=
pliance. The elimination of candidates based on noncompliance &avoids ex-
tensive and ofien neaningless trade-<ff study effort. The constraints are
ident:fied from various sources such as:

¢ Contractual documentation

* Higher level analysis

* Project or procuring agency decisions
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The constraints may be identified in terms of deployment, utilization,

equipment, quantities, acquisition or support cost, maint~nance-concept,

maintenance resources, raintenance time ané availability, etc., eich of

which may affect the feasibility of design or support candidates.

The requirement for trade-offs is limited by the depth and-definitiveness
of the system specification. Fer example, if the specification states that
an electromechanical system has fault isolation by built-in test equipment
to & discard-at-failure mainteaance (DAFM) plug-in package, a DAFM cost not
more than $50, an E;t of 15 manutes, and an MYBF of 700 hours, the following
trade~offs are eliminated:

* Hydraulic versus electromechanical

* Repair versus throwaway

* Optimum level of repair

* External vexsus built-in test equipment

¢ Compromise between ﬁ;t and MTBF to achieve a stated availability

However, to specify these requirements in the Request for Proposal or specifi-
cations, the procuring agency must hase performed trade-offs to arrive at

these decisions during the conceptual phase.

The contractor should be allowed flexibility in design to meet an overall
requirerent, Variance in requirements, if justified by trade-off, should

be evaluated by the procuring agency.

1.3 Select Candidates

Based upon prior identification of the system constraints, the feasible
candrdates for erth:r a design philosophy trade-off, maintainability trade-
cfi, or maintenance support trade-otf, may be identified. An adequate descrip-
tion of each candidate is required to ensure that all participants an the

trade-off study can develop their input data adeguately and on a common
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understanding of candidate configuration. The baseline maintenar:e concept,
reiiability data, hardware cost, utilization concepts, and manufacturing and
production technigues are types of information raquired for general dis-
semination. For example, the reliability analyst requires a system descrip-
tion from the systems or design engineer to perform failure rate predictions,
the maintainebality analyst requires the failure rates to perform apportion-
ments and predictions, the maintenance analyst requires the failures rates to
detexmine spares requirements, etc. Each candidate must be analyzed to
ascure that i1t meets or exceeds the operational rejguirements and system con-

straints.
+.4 Compile Data (Quantitative and Qualitative)

The participants identified an Paragraph l.l who are responsible for supply-
ing data inputs into the trade-off shall compile quancitative and qualitative
data as required to satisfy the data base requiremen.s. The compilation of
data 1s not an independent function. There is an interflow of data between
participants, and this effort must be scheduled (Paru 1l.1) to ensure the
availability of all data from all participants at the scheduled time.

1.5 Document and Tabulate

The data developed and submitted by the participents in the trade-off should
be documented and tabilated in a clear, concise, and orderly manner. The
cost categories previously identified zollectively include all costs that
would affect a cost trade-off decision. These categories are combined under

the major ciassification of acquisition, installation, operational and main-

tenance, or support costs. Availability of cost data on the baseline system
may be rastricted or nonexistent. In this case, the candidates mey be assigned

best estimate cost deltas in xslationship to each othex.
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1.6 Analyze Result

The results of the trade-off should be analyzed to determine the cost versus
system effectiveness relationship or availability per dollar cost expenditure.
Total cost utilized alone, unless all other factors are equal, should not be
the firm basis for system selectiun. The increase in reliabality, decrease
in meintenance time, future growth potential, and performance are areas in
whach large improvement way be recognized an relation to slight increase in
total cost. In addition, the analysis should:

* pPerform parametric (ox sensitivity) analysis.

¢ Identify additional depth requirements.

* BEvaluate compliance with zeauirements.

Variance in data may impact the results of the study. A parametric analysis
should be conducted which varies such factors as eguipment quantities, range
of MTBF, etc., to facilitate the rapid comparison of cffects of changes on
total system cost or concepts., The varaance and parametex selected should

be based on foresseabls realistic equipment demands or trends.

The requirement for additional dupth in the trade-off or additional data xe-
quirements may be identified due to the candidates, factors being toc closely
related to xender a decision. In these cases, the dara and information
should be reexamined to determine if a more comprehensive enalysis of these

candidates can be conducted.

The candidates should be evaluated in relationship to their degree of com-
pliance with the requirements. In this rzspect, the analyst should consider
the cost/system effectiveness relationship in respect to strict compliance
with or exceeding the stated requirements. Risks should be considered and

wdentified,
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1.7 Produce.Report.and Obtain Approval

-The report presented by the contractor to-'the procuring agency for approval

should be presented ii. a standard format. The format should present a sum-
mary of the report and, in addition, provide the detailed background or

backup data utilized in the preparation for further analysis, if required.

Concurrence by the procuring agency on the results of recommendations of the
trade-off will result ir the incorporation of or implementatioci. of the hard-
ware design philosophy, raintainabiality design feature, or maintenance sup-
port concept for the systesm. SN 1.7 (1) presents a summary of the trade-off
procedures directing the overall steps and basic input requirements and out-
put from each step of the trade-off. The trade-off procedure is an iterative
procé;s, and trade-offs .are updated as additional data becomes available;
however, trade-offs should be considered final when they have resulted in
final decisions and implementation of design or support concepts to such an
extent that cost or schedule would be detrimentally affected by reversal of

decisions.
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SUB-NOTE b (1) Trade-Off Procedure M\!xyi
Input tput

-

® L ntity W /atotuys fates

® Dbentaly vaveronm nt

o tormi punber Los oy
Ivploymnt, numba 1o iteas

© tatabbish ppetational und

o storage 13le 9t syeten

® Contractual requirements

® Results of higrer level
analysis cx trades

@ Proturing agency or project
decisions

& Acquisition and support cost

& Maintainability factors

® Maintenance concept

® Nainteaance resources

@ Maintenance time availability

® System description

® Reliabllity predictions

* Maintenance condept

* Hardware cost

* Manufacturing wid Prod ¢tion
rechnique

@ System constraints

costs
@ Hardware cost
* Support cost
® Facalities, tools & test
equipment, spares, publica=
tions, persvnnel training,
transportation and technical
svpport
Qualitative and Quantitative:
® Equipment characteristics
® Performance, reliabilaty,
maintataadbility, avarlabilaty,
farlures, etc
© Historical data
# State of art
® futuze forecast or plans

Tradeoft
Steps

Docyment

and
‘Tabulate

Analyze
Fesults

® Schedule inputs and outputs
® (uordinate dinension of data
® tstablish data input sources
* Identify perticipants

@ ldentify hardware
philosophy candidates
o I3entify maintaznability
design and maintesance
concept candidates
¢1dentaty maintenance suppoit
<candidates
(Note: Candicates selected for
trade-off meet at do not exceed
the specified requirements)

® Total acquisation vost

® Total support ¢ost

@ Quatatative and
quantitatave factors of
each candidate

* Identify cost vs. system
effectiveness

Identify requirement

for parametric analysis
Identify addftional depth
requitements

Evaluate corpliance

with requirement

-

® Recommend hardware design
philosophy, maintainability

design feature, or maintes ‘5
nance support w
3

%

3

?

&

® Incorporate reconmendstion 55
in syatem design ¥
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DESIGN NOTEL 7C2 . . REPAIR/DISCARD TRADE-OFF PROCEDURE

1., GENERAL

The repair/discard trade-off, which 1s prime to mainta;nqbilxtj,,shou%q be

Ry

conducted for each system being developed.

This trade-off, which can be accomplished through the-aid of a model, as
described in Chapter 9, recults in the following decisions:

* The nunber and complexity of each hardware level

* The DAF level

* The type of diagnostics for each hardware level

* The maintenance and spares concept for each hardware level

In the corduct of this trade-off, using the medeling .technique described in
Chapter 9, the basic problem is to narvow down the number of candidates
which must be run through the model. As discussed in Chapter 9, this can be
achieved, in part, by elimination of some candidates as determined from the
following sources:

* Related customer oxr other constraints

® Operational concept

2. QUANTITATIVE STUDIES

In addition to tne above methods of elimination of candidates to run through

the model, the procedures below are provided. These procedures provide deci-:

sions, starting with the LRU level, for the following:
* Automatic external versus BITE versus manual diagnostics
* Field versus Depot repair
* Repair versus discard of lowest level package
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These procedures include exarples of computations, usinu assumed values which
are considered representative for the Multiplaxer Set tut which may not fit

a purticular system or sirtuation. Whenever the value used does not fit a
particular applicaticn, the appropriate value should be used and the as-
sociated value or curve related to the decisicn should be recomputed.

The methodology used for cach casc is the equal cost method; i.e., wherein the
colution or curve {when the solut.su is plottel) represents that condition

when the cost for each candidate :c ejual.

These procedures include only the first order (prime) relationships, so that
wnen the system value is close t> the decision value, the model should be used

on poth candidaces for a final decisiorn.

In all the illustrative studies which follow, these general assumptions are
made :

All hardware is packaged functionally (as defined in Chapter 2).

The system is a complex system.

The manpower required for repair considers only active repair time.

Failure rate is in the dimension of failures/calendar hour. This
can be derived by combining the nonoperating and operating rates

with their appropriate time contributions.

The problem of how to get from the system to the LRU 1s not addressed herein,
for the general case, for two reasons. The first is that the mission and/oxr
operational requirements for a particular system will usually constrain the

type of the dragnostics to get from the system to the LRU to a bery few can=-

didates, and secondly, the normal malfunction detection requirements inherently

, brovide diagnostics at this level such that the additional diagnostics

requirements are very minimal.

It should be recognized that even though the decision for automatic or manual
diagnostics considers, as one of the factors, the average difference an the
man-hours to perform each, there are some cases when a unit to be diagnosed
is so complex that it i1s beyond human capability, regardless of time. Xf this

were the case, then manual diagnostics is not an acceptable candidate.

278

T RV N 7t e {‘h"ﬂﬁ’."‘:ﬁm

Eonulad oty

e pngtrng simtreto



CHAP 7 - TRADE-OFFS 'DN’7C%“
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'

In the studies that follow, which involve diagnostic equipment, the values
used are for newly designed, system-peculiar equipment. Any trades on
fmlti-use or general-purpose test.equipment should be conducted, using.

the principles described herein, but assigning appropriate values consider-
ing the multi-use capability. Also, scme of theé nonrecurring cost facﬁors
will be dropped in this type of trade. '

The candidate selection flow diagram shown in SN 2 (1) provides the sequence
for conducting geven separate studies. In addition, the matrix related to
each block ¢ the diagram shows the conditions, applicability, or decisions
for that L ock. The number accompanying some blocks is the numbexr of the
study appearing subsequent in this section. The dots-directly above each
block indicate all the conditions to be considered in making the decision

indicated.

The dots on the right side of the diagram indicate the final design and main-
tenance concept decisions in &accordance with the block(s) below them in which
terminat:ion results.

Tt should be stated again that some candidates (or paths through this diagram)
mzy be precluded and/or dictated due to constraints imposed on the system ox
because it is a technically unfeasible candidate.

SN 2 (2) is a list of symbols used in the seven studiez. Included in the list,
as applicable, is the dimension of the parameter. SN 2 (3) shows the gen-

eral relationships used in some of the studies.
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)

SUB-NOTE 2 (2) (sheet 1 Of 2 sheets) Syibols 7
’ cca & Co;t of card (s} (l'roduc‘tion). ’
Cm = Manpowex cost ($).

11 céy = System cost* (§) = E:Cca (Production).

Cr = Manpower rate ($/hr).

E = Number of deployed systems.

F = Failures in an interval Tt.

Kl e The ratio of the nonrecurring external test set or BITE cost
to the system cost. This includes both development and support
required for the test set.

: K2 = The ratio of the production cost of one external test set to the
- system cost.
Ky = XEX = Ratio of system cost to system failures/hour.
sy
J K4 = The ratio of total number of cards in one system to the number of
card types in the system. This, then, is the average utilization
rate of a card type in the system.

Ks = The ratioc of cost of the BITE hardware to system cost.

K6 = The ratio of the cost of analytical scftware to the system cost,

'L = program life cycle (calendar hours).

hca = Number of card types in system.

N a Constant related to probability of having a spare when required.

; ?§§§Ezﬁrzsét, as used in the following studies, is the production cost

_cf one unit of whatever level of hardware is being diagnosed for that

particular trade-off.
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i
¥
SUB-NOTE 2 (2) (Sheet 2 of 2 sheets) Symbols ] H
&‘ by = Quantity of spares required. . ’
t TMH = Dragnostic time difference in man-hours/repair bhetween manual and
BITE :
T, = Turn agound time from field to depot. H
v a ‘Numberr of sites. ‘
Aca Card foilure rate (failures/hr).
* = system failure rate failures/hr) = ¥ ), .
sy ca.
*The dimensions of Asy must be in failures per calendar hour, and for the !

example multiplexer system which opera.es full time, this is equal to the ;

onerating failure rate.
In genexal, however: (

A
A =

+
sy to tno

+
o' %o Ama' no

where )‘o is the operating failure rate
Ano is the nonoperating failure rate

to is the operating time in a unit

i +
time t:o to (hours)

and

tno is the nonoperating time in a unit

i +
time to tno
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SUP-NOTE 2 {3)° Relationships

<
4 = 8Y
Asy

Q=F+N \/ F -~ (This.assumes that the wariance is equal to the mean of the

K

failure distributions).

N , % Probability of Having a Spare When Required
0.67 75
1.04 85
1.65 95
2.33 99
M _= csx
ca Tk
ca 4
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2.1 Study No. 1 - BITE, Hardware vs Software

In this study, the tride-off 1s between the higher cost of additional BITE re-
gur¥ed at the lower levels for hardware diagnostics, against the additional,

but nonrecurrang cost of analytical software development required for signature
(orrelation of go/no-go signals at & higher level. (For definitions of hard-
ware and software diagnostics, refer to DN 7E3.) The approach used will be to
determine that sysiem deployment quantity wherein the cost of hardware for hard-

ware diagnostics equals the cost of hardware and software for software diagnostics.

It 15 assumed that the data processing hardware required for signature correla-
tion already exists as part of the tactical system and, for this reason, all
such costs are omitted from this study. Should the syster being considered,
however, require development and production of data processing hardware in order
to effect a software approach, the associated costs must be added for purposes

of the trade-off.
Hlardware BITE cost:

4 . C f
Ry Cey
Software BITE cost:

X
. . +
5(2) CS E K CS

6 sy
s.equal costs when:
. K . . .
K5(1) ° Csy E= Rs52) csy B+ Ky Csy
Xe
E B et (l)
[Ks w "X (2)]
Assume
KS(l) = 0.3
KS(Z) = .05

IC complexity = 5,000

ey
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A

c_. = 50,000
sy

X = 4,000 MH x 25

= Ref. DN 7E2, SN 3.4 (3))
6 50,000 2 (Re ' g

Substituting values ’
|

;
‘ _ 2 .
E=®3-0.09 |
E= 8

vhich says that for deployment quantities up to 8, hardware BITE xs the choice,

and for quantities beyond 8, an analytical software BITE approach is more cost

effective.

SN 3.4 (1) in LN 7E2 shows the relationship between the complexity of the item .

under test and the ratio of BITE to the item complexity. Restated, it says {

.? that as an item or system hecomes more complex, the percentage of hardware re- t
quired to test i1t becomes less. This holds true for varying complexities with- §

‘ : in a functional entity. It does not hold true, however, when complexity is in- ;

creased by introduction of additional functional entities withain the same frame~
work. For example, the inclusion of a receiver, wath 5 percent BITE, within a
transmitter assembly which ccntains the same degree of BITE, yields a more com-
plex system, but with the same overall 5 percent BITE. This 1s so because the
new asserbly is now composed of two functional entities, each of which must be

andividually tested.
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2.2 study No. 2 - BITE vs External Test Set

DN 7C2

In this study, the trade-off is Letween the cost of one test set per site

against a test capability in every system (BITE).
Software BITE:

C. . . C
l\s Csy E 1t K6 sy
Software External:
. C . V+K, .
K2 sy 6 Csy

J.tqual cost when:
S

Fe % ]

6 sy 2

]

l <l
Fed
wl

Assume KZ = 0.47

= 0.0
Kg S

Substituting values:

¥ 0.47

v o 0.35 9.4

.C -E+XK, - = .
K sy o] K Csy

.

6 ”sy

(2)

which says that for 10 or more systems per site, an external software

test set is the choice.

If the trade-off is between hardw.re BITE and software exte.11l, the following

relatio”nhips hold true:
t, .dware BITE:

KS . Lsy « E
Software Exnternal:
. eV o+ Ko
K2 csy v K6 CSy
J.equal cost when

. C E . .
Ks sy = K2 csy V+x<6 ('s

K K

5 =% & + 2

KS KS

4

(3)
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CHAP 7 ~ TRADE-OFFS DN 7C2°
SECT 7C - MAINTAINABILITY TRADE-OFF PROCEDURE

2,3 Study No. 3 - BITC vs Manual Fault Locaticn
In this study, the trade-off is between the cost of "BITE in each system (E)
against the increased labor to perform manual fault location for the life of
the program.

Hardware BITE cost:

. C < B
Ks sy Ar.

Manual cost:

T
L )' sy cr MH E

S Euaual costs when:

K.*C_*E=L *}L _*C+ T .E

5 Y sy r MH
: %
but K3 = —i—sL ?ﬁ
B
sy -§
L« C T ln,‘\
r_MH (4) &
850: K = !

) 5 K,

Assume (for Multipiexer Set)
L = 87,660
C =10
x

T = 5

! : 8
3 K, = 1.67 x 10

[P T P SIS Py Py P -/ RPN, 3D SO TP NP - ST NI .3

(&)
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A+
B R R R
v e

- - P




NI [
B T e v e gt e ms e

.CHAR”-= " TRADE-OFFS.

SECT 7C ~ MAINZAINABILITY TRADE-OFF:PROCFOURES

Substituting values: )

25
K = 87,6602 10: 5
SMH). T 1.67-x.108

K1) = 0.026

Thic shows that even when ignoxing -the K}. term,. hardware BITE ig only a
viatlo candidate if its cost does not exceed 2.6 percent of the production
cost of a system. Since hardware BITE is typically 30 percent oc more of
system cost focr diagnostics to the card level (through utilization of mal-
function detection capability, at the card level). thore wall be fow occa-
sions when it will be in contention with the manual approach. Fur.hermore,
there are no disciplines, other than maintainability, which would require
malfunction detection at': the card level as BITE, further presluding hardware
BITE as a candidate.

Given that the missjon requirement creates the need for a significant degree
of malfunction detection, however, software diagnostics must be considered
if the additional BITE hardware required for maintainability to attain the
specified resolution is less than 2.6 percent. The nonrecurring cost of
analytical software development is prorated over the number of systems de-
ployed, and it is the systems deployed versus the cost of additional BITE
hardware which determines the characteristics of an equal cost curve.

Softwarxe BITE cost:

K. -C _+<E+K ‘Csy (the K, term is charged against the

5 sy 6 1
malfunction detection requirement and

is therefore omitted)
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SECT 7C - MAINTAINABILITY TRADE~OFF PROCEDURES

Manual cost:
L*A_-.C T *E |
sy r

: MH :
}\: .. equal costs when: |
P . B4 =1 . . e i
Kg * Cop " EF K Co =L oAy = Co= Ty " E |
2 N {
bzt but K, = ==L :
L 37 A i
sy !
K | |

6 )
so: | E= 5 }
LG Ty ) i

K3 ] }

Assume (for Multiplexer Set)

X L = 87,660
¢ = 10
r
| Ty = 5 .
! K, = 1.67 x 10 !
4 - I
K, = 2 ‘

For K. = 0.001

S
E=a 2
g 87,660 - 10-5 _
e 1.67 x 108 *
o4 R
f E = 80
N The equal cost curve depicted by SN 2.3 (1) was cobtained by substituting ain-
WA
‘ crements of. K5 from 0.02 to 0.001.
E:
N
E
R 3
i
E 291 B

o At

I




e

e A

R Ty

T

SO Y 288 e

———— [ P S

CHAP 7 - TRADE-OFFS
SECT 7C = MAINTAINABILITY TRADE-OFF PROCEDURES

SUBSNCTE 2.3 (1) Software BITE vs’Manual Fault Location |,

. 350 =

300 |~

———

Software BITE

250 b~

e

AR 8

Number
of
Systems (
{E)

150~

i sy

Loyt o o e 72 ANKRIRE,

[ 100~
Manual

50—

o L 1 I ! )
0 0.005 0.01 0.015 0.02 0.025

)

BITE (Additional Required for Maintainability - Ks (s)
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CHAP 7 - TRADE-CFFS

DN 7C2
SECT 7C - MAINTAINABILITY TRADE-GFF PROTEDURES

2.4 study No. 4 - External toftware ve Manual Fault Isolation

In thic study, as in the BITE versus manual study, the cost of the test equip~-
ment is being cowpared to manpower saved by use of that test set. It is
assumed that the same test set could be used to test from the LRU to card level
and from the card’to.picwe part level.

The values assumed for TMH consider the “ollcwing factors regarding manual
isolation.
* Some trial and error is' involved, resulting in multiple substitution
and subsequent retesting.
<At least two men are involved in this type maintenance.
Cost of test sets:

Kl'CSy+K6‘CSy+K2'C_’y'V

Cost of maintenance manpower:
2 . . .
(:r ch v E TMH L

J.equal costs occur when:

c
K. - C +K. - C +V K C =C._sl-5--;\
1 ; K,

sy 6 sy 2 sy r M L
X .
or-E-=_].-.r 3 (K1+K6’]+ 2 % (6)
v VLCr'TMH'L C.* Ty * L
Assume
c =10
r
K1 = 7.1 (4.4 development + 2.7 support)
K, = 0.47 ‘
.
Ky = 2.67 x 108 = —32.000
210 x 10
K = 2

TMH = 5 (LRU to card), 10 (card to piece part), and
15 (LRU to piece part).
L = 87,660 (10 years)
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CHAF 7 - TRADE-CFFS oN 72
SECT 7C - MAINTAINABILITY TRADE-OFF PROCEDURES

Substituting the reference values (for fault location from LRU to piece part,
Tﬁﬂ = 15)

_ L [1.67 x 10% (7.1 + 2)] . 0.47.* 1.67 x 10°
vi3e-15 87,660 U015 - 87,660

<aps <

« 116 4+ 6

<[

See SN 2.4 (1) for a plot of the equal cost curve.

A sinilar curve, if required, can be derived for LRU to card level (Thﬂ = 5)
or cazd level to piece part ('I'MH = 10) by using equation (6).

Discussion:
When usiny this study for the card to piece part c.se, it should be ruh twice;

once as indicated and once when setting V = 1 (this assumes depot maintenance

aven if there is actually more than one site).
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CHAP 7 - TRADE-OFFS DN 7C2
: : SECT 7C ~ MAINTAINABILITY TRADE~OFF PROCEDURE
N4 - :
1y . —— — ———
o ) |- SUB-NOTE 2.4(1) External vs Manual Fault Location

B e

LTt s
: 1
80—
# E _ 116.
! vovote
i 70
y E
v S0
(Numbexr of
Systenms ;
.) per Site)
40
External
(Automatic)

W
%3
(=]

Manual \\\ﬁ o
10 N —

) 5 I 15 20 25 30
{Number of Sites)
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————

e

2.5 study No. 5 - External Fault Location (Repair).vs.Discard. at Failure

By analysis of the detailed trade study ccnducted on the Multiplexer Set (See
Sect 7D), it can be Seen that in the range where the Gecision is made regard-
ing DAF versus RAF of cards, the factors which are first order -(prime) in
rmaking this decision are the.cost of the test set for the RAF candidate com-
pared to the cost of spare cards for the DAF candidate.

Cost of spare cards:

Asy "Lt B
Cost of test sets:
Kl N Csy-l-K6 .CsyTKZ 'Csy'V
'« equal cost occurs when:

A" L C*E = K+ C_ +K *C_+X,°*C, oV

sy ca 1 sy ] sy . sy
or: ’
L.C_+E .
ca - = Kl+_K6+K2 \'
K‘)
PRTAY
c - BEak (x1 + Ko+ K, v) -
ca 3{- .
L
Assume )
L = 87,660
Ky = 1.67 x 108
Kl = 7,1
K, = 0.47
K =2
Substié‘t-x;{ng reference values:
for Vv = 1:
¢ . gpule67x10® ar2s047 1)
ca 87,660
C _+ E= 13,200
ca
for V = 10
1.67 x 105 (7.1 + 2 + 0.47 - 10)
C_e+ E=m >
ca 87,660
C _+ E = 26,300
ca
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’rhis; equajon~is “depicted ‘graphically"in €N.2.5 (1),

piscussion ' .

It can ‘be seen that for a card cost of $475, angi for the values assumed, the
breakeven quantity of deployed systems (E) s 39 for ,qné-site deployuent.

The depot test versus DAF candidaté.can be solved by simply setting V = 1,
regardless of the number of actual.sites.

Notice that when there are 10 sites, with cards costing $475, it takes 55
systems (£) to break even. This, though, is only: 5.3 systems p:r site.

Equaticn- (7, can be-used to compute ‘the Cor * E-product where the values
used for Kl, Kz, Ka, or L do nct fit a particular situation.
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SUB-NOTE 2.5(1) External ({Automatic) Fault Location vs DAF
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80
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\V o 10
60 ‘\
. Repair
B
. 50
(Number of V= 1\
'_ Systems) \
A 40
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CHAP 7 - TRADE-OFFS ] DN 7C2

'SECT™7C - MAINTAINABILITY TRADE-QFF PROCEDURES

2.6 ’'Study No. 6 < Field vs Depot Repair

In this decision, there are two prime factors: the cost of the pipeiine
spares for depot .repair versus the unit cost of a test set at each site.
Pipeline spares cost:

Cea® Hea® @

¢
whete 9 = F + N \/F
and F = Aca' Tt-K4-E

The cost of test sets:

K, - csy ¢ (v-1)

JiEqual costs occur when:
Con’ Mqa [’*ca « T Kye B N‘/Aca ST . Ky i:} K, csy- (v-1)

sy e

N
503 A'ca . 'rt . E+-K-4 ]h‘ca . Tt' x4 B =x2 © (v-1).

{using the quadratic equation)

M1
2K (V- o= 'l 1y N2 4 (8
y . 2(v1)+1<4 K, 41<2~l<4 (v-1) N° + N
ca
2T, ‘
Assume
K, = 0.47

N = 2 (This results in approximately a 98 percent probability of
having a spare when required)

K 4 = 2.5

Tt: = 1440 (2 months)
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Substituting values

22
N E - 0.47 (v-1) + 2.5 - 2 V/q €0.47 + 2.5 (v=1) + 2° 4+ 2%
Meat 2:1440
g 2094 (v-1) +1.6-2.6 ¥1a75 vl 41
Aca® 7880

for V= 2, Aca' E =62.5x 10 -6

-6
for V = 11, Aca ¢E = 1760 x 10
The equal cost curves are provided in SN 2.6 (1).

bDiscussion
For the example system, the average card failure rate is 2.84 x 10-6 failures
per hour so that, with the 2-month papeline assumed, the brea uven point would

be 22 systems per site.with a test set at two sites.

It cén also be seen that if the deployment calls for 1l sites (V=1l), then it
takes 62 systéms pex site to break even. In any case, an increase in the

systems per site is more in favor of the field repair.

Actually the technique used in this study is applicable to any level of hard-
ware once the variables are adjusted accordiang to the level of hardware being

treated.
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SECT 7C - MAINTAINABILITY TRADE-OFF PROCEDURE

.| SUB-NOTE 2.5(1) Field vs Depot Repair

¢ 901~
¥ A g
. . SR
| g
i B
) 80 — ; . A
| 1 &
\ | k
@
bl ‘:.:v
70 . -6° ‘ t A
' for V = 2, Aeard E = 52.5 + 10 ‘i;
B -6
for v = 11, xcard E = 1760 * 10 %
60 — N
E
vV 50
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CHAP 7 - TRADS-OFFS

*SECT 7C - MAINTAINABILITY TRADE-OFF PRICEDURE.

DN 7C2

2.7 study No. 7 - Discard at Failure vs Manual Fault Location (Repair)

Cost of DAF:

Mgy  LoCea B

Cost of manual repair:
. 3
Cr MH B .Asy

.equal costs when:

= . T
Cca cr MH

(9)

"¢ =10+ 10 = $100
ca

This says that cards snould be repaired if their cost exceeds $100.
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CHAP 7 - TRADE-OETS “SECT 7D
SECTION ‘7D MULTIPLEXER SET TRADE-OFF E ﬂ’\.:}"
DESIGN NUTE 771 - DISCARD YERSUS: REPAIR COST ANALYSIS FOR MULTIPLEXER SET
PRINTED CIRCUIT CARDS AND MODULES
1, INTRODUCTION- )
2. SUMMARY AND CONCLUSIONS
3. EQUIPMENT DESCRIPIION
3(1) Typical Printed Circuit Board Layout
3172} Typical Module Layout
3(3) Board/Module Data
3(4) 10-Year Failure Quantities
4. CANDIDATE DESCRIPTION
4.1 Discard-at-Failure (DAF} Candidate
4,2 Repair~at-Failure (RAF) Candidate
4(1), DAF Correction Process
4(2) RAF Correction Process ( A
%
5. GUIDLLINES AND ASSUMPTIONS 4
i b
5.1 Guidelines %
2
5.2 Assumptions g{!
i,
g
6. DAT COST FACTORS §
5(1) 10-Year DAF Subassembly Cost i
k)
i
7. RAF COST FACTORS 3
7.1 . Nenrecurring RAF Cost | §
f 4
7.1.1 Depot or SRA Repair AGE K
5
7.1.2 Depot Repair Pipaline Cost 2
}
k!

LA RACEE s F s

.
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CHAP 7 - TFADE-QFFS SECT 7D

“7.1.2(1) Depot or SRA Repart and Resupply Lines

7.1.2{(2) Items Required in Repaixr Pipeline for Varying Multiplexex Set
Equipment Quantities

7.1.2(3) Repair Pipeline Cost for Varying Multiplexer Set Equipment Quantities

7.1.3 Supply Administration Cost
7.2 Recurring RAF Costs
7.2.1 Packaging and Transportation Cost

7.2.1(1) 10-Year Packaging and Transportation Ccsts
7.2.2 Depot or SRA Repair Lakror
7.2.2(1) Typical Item Repair Sequence

7.2.2(2) 10-Year Depot or SRA Repair lLabor fosts for Varying Multiplexer
Szt Equipment Quantities

7.2.3 Depot or SRA Repair Part Cost
7.2.3(1) 10-Year Repair Part Cost

8.0 DAF/RAF COST COMPARISON

8(1) DAF/RAF Cost Summary -~ Modules

8(2) DAF/RAF Cost Summary - Digital Caxds
8(3) DAF/RAF Cost Comparison

9. CONCLUSIONS AND RECOMMRADATIONS

10. REFERENCES

305

-

U s N O A Wt B s A I 573 LT e €0t e NI gt b S

T o S e

a5




PR e o 2 VR S TR BT N

cupp - TRADE-OFES 0y S
SECT 7D-- MULTIPLEXER.SET TRADE-OFF EXAMPLE

DISCARD VERSUS REPAIR ‘COST ANALYSIS FOR
DESIGN'NOTE 701 ._MULTTPLEAER SET. PRINTED CIRCULT CARDS AND MODULES .

1. INTRODUCTION .

This design note describes the- approach, methods, and findings of a cost-
¢ffectiveness trade study‘performed as part ol the*Multiplexer Set maintain=
ability program. 'he objective of this study was to define the most cost-
effective disposition mode for printed circuii cards and line anterface modules

comprising the Multiplexer Set.

Note that this example, which considers all factors, concludes that 43
systems deployed is the breakeven point for digital card repair at.the depot
versus DAF,. Study 4 in section 7C concludes that the breakeven -point is 39
systems. This coxxelation would indicate the validity of using the abbre-
viated technique.

2. SUMMARY AND CONCLUSIONS

This analysis compares costs associated with repair and discard maintenance
concepts for failed Multiplexer Set printed circuit cards and modules. These
costs are computed for varying guantities of Multiplexer Sat equipments, and

are predicated upon a 10-year opcrational service life.

The discard candidate considers only failed item replacement costs, while the
repair candidate considers a number of recurring and nonrecurring costs such

as AGE, AGE support, labor, and repair parts costs.

T2 results of tiais analysis indicate that a repair concept is most cost
effecrive as “he quantity of supported equipments exceeds approximately 60.
When the quantity of supported equipments is increased to 100, the repair
concept cast advantage becomes ncarly $600,000, and at S00 equipments, is
approximately $5 million.

If operational equipment quantities are to exceed approximately 60, it 1s
recorumended that a depot or SRA card and module repuir concept be selected.
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SECT 7D - MULTIPLEXER SET TRADE-OFF EXAMPLE

3. EQUIPMENT DESCRIPTION

The majority of active components comprising the Multiplexer Set are mounted
upon plug~in printed circuit boards within each of two chassis , or withan
EMI/RFI protected modular enclosures which plug into sockets at the rear of
each chassis.

The printed circuit boards are approximately 7.00 inches wide, 7.2%5 inches
high, and 0.06 inch thick. The constxuction of the board .s either multilayer
or deuble sided, depending on functional complexity, and provides surface area
for mounting of up to 64 dual in-line integrated circuit packages (DIP's) of
the l4-pin configuration.

Some of the Multiplexer Set boards have integrated circuits of the 16-pin and
24-pin confiqurations. Correspondingly fewer o° these devices can be mounted
on a typical printed circuit board.

Interface between the board and the chassis wiring plane is achieved by an

edge-loaded 90-pin connector arrangement.

The caircults contained on the boards are three functicnal types: transistor-

transiscor logic (TTL), analoy, and electromechanical switching matrices. &s
will be noted later in this report, the test equipment required for board re-
pair 1s larqely dictated by the type of function performed by the board.

Mcdules comprising the Multiplexer Set house cirxcuits which interface the
Multiplexer Set with its various input/output lines. Module circuits per-
form signal conditioning functions, such as amplification and impedance

mutching, and are essentially analog in type.

Typically, the modules are 3.0 inches high, 3.75 inches wide, and 1.0 inch
thick. The circuits within each module are discrete and thick film hybrid
types.
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CHAP 7 +~ TRADE-OFFS , . DI 7D1.
SECT- 7D =°MULTIPLEXER SET TRADE-OFF EXAMPLE

Hybrid substrates are contained within hermetically sealed cans-of the TD-8
configuration. A typical module contains thewe hybrid.circuits,-and assoli-
ated discrete components, mounted upon two physically separated printed cir-
cuit boards. Zlectrical interface between the module$ and the Multiplexer
Set chassis 1s achieved by a multipin/sockel arrangement. SN 3(1) and Sk 3(2)

depict typical printed circuit board and interface module arrangements.

SN 3(3) lists the printed circuit boarcs ind modules to be considered in the
discard versus repair amalysis. Also indicated in SN 3(3) 1s the failure

rate for each item, its functional type (module, digital boaxd, analog board,
or electromechanical board), and the quantity of failures the item is expected

to yield for one continuously operating Mult:plexer Set over the 10-year

fultiplexer Set service life.

Except as noted, the failure xcte data listed in SN 3(3) was obtaineé from
reference 4 (Para 10). Item gquantities are predicated upon a 20-channel
Multiplexer Set production configuration, supplemented (per SN 3(3)) with
coarse rate and transiticn zonverters/deconverters of quaantities proportional

to those being delivered under the current contract.

A}
SN 3(4) graphically depicts the expected 10-year qiantities of failed items
for varying quantitins of fielded Multiplexer Set cquipments.

4. CANDIDATE DESCRIPTION

Two disposition modes for failed printed circuit cards and modules arz con- ﬂ
sidered by this study. These are discard at failure (DAF) of the malfunctioned &f
item, and repair at failure (RAF) of the malfunctioned item at a depot or Spe~- ) ;
cial Repair Activity (SRA). Each candidate mode is briefly described in the ' &

following varagraphs.

-

4.1 Discard-at-Failure (DA®) Candidate } k

For this canaidate, cquipment malfunctions occurrang in module or printed

circuit board components are corrected by replacement and discard of the §
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SUB-HOTE 3(1) Typical:Printed Circuit Board

Edge-Loaded Connector

Integrated Circuits

Test Points
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SUB-NOTE 3(2) Typical lodule, Layout (Cover Removed)-

;

Internal Printed Circuit Board (2)

Line Intertace Coanectors
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CHAPR'7 - TRADE-OFFS DN 7D1
SECT 7D ~ MULTIPLEXER SET TRADE-OFF " EXAMPLE
SUB-NOTE 3(4) 10-Year Failure Quantities, by Item Tybe, for Varying
Multiplexer Set Equipnent Quantities
. 1¢ 020 - — /,.
N Board, ‘Di\gital /
j"‘ / Module //
ke
§ / N ™ .
5 1000 L ﬁ,/
‘ Board, Analog
% —
G i @ /
3 Y
’ bY]
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4( 4 .
. ' Ard, Eleccromechanical
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52
.
v
e e

farled atem (module vx bcard). For approximately 60 percemt of all equipment

failuies, the automatic diagnostic featurs yields a one-item callout. 1In

—

those cases where this d .agnostic feature yields a two- or three-item callout,
all are replaced tu restore equipment operation. At some later time, when

the equipment is removed from secvice, ox when an off-line equipment is avail=-

able, the replaced grouping of items 1s Sequentially substituted inteo the

equipnent untll the specific malfunctioning item 1s identified. This item is
then discarded, and remaining items in the pisviously replaced group are re- l
turned co the local supply activ.ty for subsequen. reissue. SN 4,1(L) graph-

ically depicts the DAF correction sequence.

4.2 Repair-at-Failure (RAF) Candidate

Action taken for the RAF candidate is sumilar to that for the DAF candidate,

except that the svecific failed item 1s not discarded. Instead, the failed

printed circurt card or module is returned to the local supply activity as a

"failed item" status. ‘the supply actavity prepares; .ppropriate dccawmentation

-

routing the i1tem to a depot or SRA facility, and packages the item for ship-

ment via conventional logistical carriers. At the depe - ¢ SRh facility, the

failed item 1s received and unpackaged, logged into the regair seyvence, and

ainspected and repaired as necessary. Following repair and xctest, the item

15 again placed into the supply system for subsequent reiss.: to using activ-
1ties as a serviceable spare. SN 4.2(1) graphically depicts the RAF correc- E

tion sequence.

S GUIDELINES AND ASSUMPTIONS

A number of noncost factors asscciated with the deployment and use of the
Multiplexer Sct have a bearing upcn the cost effectiveness of one candidate

relative to another.

sowe of these facto:s are adeguavelv defined in the current contract ox in
coutractually developed documentation. Others have been wholily or partially

defined Ly guidance conferences and meetings held since contract award.
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¢
5
+
;
N
.
4
t
N
(R e R e

SUB-NOTE® 4(2) RAF Correction Process 1

l » ! R )
X . E

Identify Remove . Return ’i;

Specific Failed | Failed Iem 4

Failed 1tem(s) From to SRA.or a

Item Equipment Depot . E

&

T —— T —— &

. .
1 o S

C\ Replace- | . Repair %

with E

Mdj Running as 2

spare(s) Reqm.red: :

4

¥ 3

Return . Place 3

) Nonfailed' | . Repaired i
Items to . Item in ! 3

Running Spares SupplySystem ‘ ;

( g

i

Return ’ ;

o] Failed Item |} | : 3

to Local . 3

Supply ; i

i *

& S

Ordex Locail §

Replacement Supply H

Item Activity 3

!

,":;

Replenish 4

. ¥ Running 3
' Spares (
\

-
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5 h Théreé remains, however, a category of factors for which no defin'tion is avail-
able. For purposes of this analysis, assumptions rejarding these factors:have

been made and are identified as such in subsequent dissussions.

TdF

$.1 Guidelines

The follewing are gurdelines which are pertinent to the DAF/RAF analysis, and

B

whach have been obtained from the current contract, contructually developed

documentation, o meetings and conferences held subsequent to contract award:

B

a. Deployment of the Multiplexer Set will be worldwide, perhaps to 100 or

more separate locaticns.

i b. Average equipment quartities will be four to five per deployment location,
% but may be considerably more in specific instances.

E c. Skills expected to be available for the use and maintenance of recommended
’é support equipment are of -5 and -7 levels.

»i ¢ d. If requirements for support equipment peculiar to the Multiplexer Set are
% J adentified, it is preferred thac recommendations satisfying these requiremencs
ﬁ emphasize compatibility with lower skill levels.

v

€. Failure rates of the Multiplexer Set and its various components are as re-~

[Ty

flected in current reliability predictions..

3

? £. The service life of the Multiplexer Set is 10 calendar years.
%

g 5.2 Assumptions

[~

Listed below are assumptions made to facilitate completion of the DAF/RAF

aralysis. Some of these assumptions are predicated upon the guidelines

identified in Paragraph 5.1, while the remainder have basis only in a "best

R TR e R S
[P,

T

=

estimation" process:

8

a. Operation of the Multiplexer Set is essentially continuous, with downtime l

being incurred only for corrective and preventive maintenance and equipment
reconfiguration.

b. Deployed equipments are evenly divided between overseas (0S) and stateside

FETIE T gy 1

{CONUS) geographnical locations.

v

el

e
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; c. The quan‘ -y >f deployed Multiplexer Set equipments ss variable, but will

g . d

i not.exceed 300 sets. i
’j‘ '
c P

- 6. DAF COST FACTORS

? The primary expense incurred with the DAF candidate 1s the cost of replacing

f failed cards and modules which have been removed from the equipment and dis-

F§' carded. This cost is a function of the number of such items which must be

i

% replaced, and their respective cost. '

For purvose. of this analysis, estimated replacement costs for the various

discarded subassembly types are based upon averzge budgetary values reflected
in the Multiplexer Set Recommended Spare Parts bList, dated 15 #Maxch 1971,
These values are as follows:

SR R

Card, digital $475.00
Card, electromechanical $425.00
‘§ Card, analog $550.00
3 Module $265.00 (

It is recognized that the above values reflect current price estimates, and

that such prices are subject to labor and material cost €luciuations over the %
10~year period being considered. They are, Lowever, predxcated upon a low %
volume product:on situation, as is generally the case with follow-on spares §
orders, §

3
Since both the DAF and RAPF candidates & ¢ subject to labor and material cost %
flugtuations, this analysis considers the effects of these fluctuations to be %
equal for each candidate. On this basis, all cost corputations in this and g
subsequent sections are in terms of currently defined values. %
SN €(1) lists l0-year DAF costs for each subassembly type as a function of g

varying equipment quantities. The costs shown are computed, based on the

failure rate data of SN 3(3) and the average subassembly prices discussed
above. Fractional failure quantities were rounded to the neat higher integer
as part of the computation.

o5 g AckTes,
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SUB-NOTE 6(1) 10-Year DAF Subassembly Cost

COST ($ x 1K)

1l Sut 100 Sets 300 Sets 500 Sets
Card, bigital 9.025 878.750 2636,25C 4393.750
Card, Electromechanical 0.850 44.200 131.750 217.725
Card, Analog 1.650 124.300 372.900 621.500
Module 1.325 125.610 376.300 627.255

-2.850 1172.860 3517.200 5860.230

7. RAF COST FACTORS

A number of various costs contribute to the overall expense incurred when
implementing a repair-at-failure (RAF) maintenance philosophy. These costs
are of two basic types - recurring and nonrecurring. These costs and the
manner in which they are computed for use by this analysis are discussed

below.
7.1 Nonrecurring RAF Costs

Several nonrecuirring costs are attributable to tuae RAF candidate. These in-
clude design, production, and suppoirt of depot or SRA AGE, entry and admin-
istration of new lines in the Federal Supply System, and ainitial filling of

the repair pipeline.
7.1.1 Depot or SRA Rep*ir AGE

The repair of failed Multiplexer Set cards and modules includes the tasks
of fault detection, 1solation, and repair verification or checkout. It is

considered that certain items of special and/or conventional AGE will be re-

quired in support of these tasks. Additionally, the cost of providing life
cycle supvort for this AGE 1s attributable to the RAF candidate and must

therefore be estimated.

319
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‘DN 7DY
SECT 7D - MULTIPLEXER SET TRADE-OFF EXAMPLE .
a. AGL Development \anc‘s' Acquisition Cost !
Engineering and development cost estimates assume that a single, multifunction "
; test sét will be provided rather than individual test sets foxr each card or ‘
3 'mod(xle category. This tnst set is coniprisedAof the following items: i
; Digital printed circuit boards - 18 %
. i ‘Analog printed circui* hoards - 4 S
‘% | ‘Power supply - 1 ;f’j
\ Tape reader -1 E
Case/cabinet -1 %
Front panel w/coatruls - R
’L { card file and wiring plans - 1 i
i ’ Electrical components number approx;.mately 660 integrated circuits plus mig- 3
- cellaneous indicators and controls. §
; The estimated cost for this test set is as follows: ' g
2 Engineering and test, to include ;)reparat:ion of tape $230.6K (\ :i,
& programs ang test procedures %
% Components and assembly 20,1X g
L 250.7K i P
; o
¥ ;
; L
I .
%
5 T
¢
< ;
! | ’
| .
| -
f 320 } N
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e WA
e

%

Were this cost to be divided among the various items to be tested, each cate-

gory would represent approximately the following cost:

Digital cards $205.6X

’ Electromechanical and analog cards 35.1K
Modules 10.0K

$250.7K

DTN P A S TN S s W g el ¥ Y,

Fault isolation and checkout of modules and electromecliznical and analog cards

]

will also require ancillary items of standard and common test equipment. Total
AGE cost for these items 1s estimated as follows:

(1) Module test function

o i s bt oo At o . . NN ARS8
»

Contribution to special AGE $10.0K
Signal generator 1.0k
Oscilloscope 2.5K

$13.3K

| (2) E/M~analog card test function

Contribution to special AGRE $35.1x
f Frequency counter 5.3K
i
5 Oscilloscope 2.5K
: $42.9K

Considering both contribution to special AGE and ancillary standard AGE costs,

3%

estimated acquisition cost for fault isolation and checkout AGE for Multiplexer

T

Set cards and medules may be sumnarized as follows:

I

Digizal cards $205,6K l 3
f ]
E/M=-analog carxds 4Z.9K \ \}
todules 135K 3
$262.0K ¥
i
. ¢
. \ }
i 4
' !
321 X
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b. AGE Suppcr’: Cost
The items of special and standand A(E required in the depot or SRA'repair
process must be provided with mainteiance and logistical sqppqrt ovexr the
Multiplexer Set life cycle. This support includes the following cost.con~
tributors:

* Technical manuals

* FSN assignment and administration

® Spares

.

Corrective maintenance

¢ preventive maintenance

Subsequent paragraphs address each of the above cost contributors. It should
be noted that because the AGEL being supported is defined largely in con-
ceptua’ terms, AGE snpport cost estimates are heavily based upon experience
and judament rather than upon detailed analysis.

The content of a technical manual supporting the special test set is expected
to be approximately as follows:

Text and tabular material

140 pagcs

Illustrations, test set - 60 pages
Illustrations, reparable item -~ _350 pages
Total - 250 pages

Reference 1 (Para 10) provides a cost factor of $150.00 per page of new techni-
cal data. On this basis, estimated manual cost is $27,500.

The quantity of Federal Stock Numbers (FSN's) which must be assigned in sup-
port of the test set is estimated to be as follows:

Printed circuit cards - 14
Overall test set - 1
tiiscellaneous components - 10

Total - 25

P
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' Referencz ) {Para 10) establishes the following cost factoxrs for entering and
maintaining new assebly and part level items in the supply system:
(1) Ppart

Enter $ 171.01
Maintain 9 years 3381.12
. Total (part) $ 3552.13

{ (2) Assembly §
. Enter $ 233.09
: Maintain 9 years 5287.41

. Total (assembly) $ 5520.50
Based upon these values, total FSN-related cost for the test set is $118,330.

Spares cost in support of special and standard ACE is estimated to be 25 pex-

. cent of anicial acquisition cost (exculsive of development expense). On this ;
' i basis, AGE spares cost is as follows:

- } Special AGE (0.25 x $20.1K)  $5,030.00

i Standaxd AGE {0.25 x $11.3K) _2,825.00

i

i

4

!

Total (spares) $7,855.00

Corrective and preventive AGE maintenance costs are predicated upon the fol-
lowing:
* Standard test equipment is calibrated quarterly ovexr

the 10-year life cycle.

¢ The combination of stancdard and special AGE will require

corrective maintenance once each quarter.

* Each preventive or corrective maintenance task is accomplished

R A e R e s R e

in an average of 2 manhours.
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I
¥

e

Based upcn the above, and the §$10.00 per hour lakor rate provided by Reference

1 (Para 10), the cost fox providing coxrective and prevencive AGE maintenance

§ ) § support is:

%' f Preventive maintenance $3200.00
? i Corrective maintenance 800.00
) Total (waintenance) $4000.00

Total AGE support cost, as identified in the preceding paragraphs, is summarized

below:
. Technical manuals $ '37,590.00 R
PSN administration 118,330,006
Spares 7,855.00 N
N Maintenance 4,000.C0
Total (AGE support) $167,685.00

As determined in Subparagraph e above, the estimated cost to develop/acquire
AGE was $262.0 K, distributed as follows:

S\ T/ T NN R A S PN S e AR

3 ${x 1K) 3

i - Digital cards 205.6 78.5

g

% £/M-analog cards 42.9 15.4

& ) Modules 13.5 5.1

o $262.0 100.0

o3 i

;' | Since the bulk of AGE suppoxt cost is nonrxecurrxing, it has been assumed that
i3

&l \ the total AGE support cost is distributed in a similar manner. On this basis,

the total AGE jupport cost of $167.7 is attributable to the various reparable
item categories as follows:

Digital cards 131.6
E E/M-analog caxds 27.5
Modules 8.6
: $167.7
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7.1.2 Depot Repair Pipeline Cost

With the RAF candidate, a cost is incurred for initial filling of the depot

repair pipeline. Thicz uipeline, depicted in SN 7.1.2(1), is the duration for i
which a failed item is unavailable-tc the user through his supply system. ‘

- Pipeline duration is controlled by factors such as transportation time fronm

o

user to SRA or depot, and time required for the SRA or depot to repair the

ztéan and return it to the supply system.

= .

? The complete repair/resupply loop also ancludes the time required for the
? user to order and obtain a replacement item from the supply system. Siane
§ the cxder and shipping time is equal for RAF and DAF candidates, it is not
; considered in the pipeline cost computation.

; The cost for £illing the repair pipeline is dependent upon the following

factors:

* Failure rate of the returned items
f * Quantity of equipments supported
. * Cost of the returned items

* Length of the pipeline

Reference 1 (Para 10) provides typical lengths for CONUS and OS pipelines of

AR i AN R

1.5 and 3.0 months, respectively. Using these pipeline intervals and the

TR TR T ROaTE Errs, 05 e %

failure rate dzta listed in SN 3(3), the quantaty of items requirec in the

35‘

} b

. k3
[? P pipeline was computed. These data are listed in SN 7.1.2(2) for quantities ' H
5 ¥
i s of Multiplexer Set ejuipments varying between one and 500. It should ke ! %
g ' noted that deployed equipments have been assumed to ke equally divided be- ! g
¢ l tween 0S and CONUS locations. i f
. ¢ 3
: SN 7.1.2(3) lists the resulting pipeline cost for these equipment quantities, 3

based upon the item cost data of Paragraph 6 and the item quantity data of ;

i SN 7.1.2(2). The data shown in SN 7.1.2(2) is rounded to the next higher 3
integer where fractional guantities are involved. ?
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* 2y
| sUB-NOTE 7.1.2(1) Depot or SRA Repair and Resupply Lines
Depot
or
SRR
I ’
U ‘ Local Central
ser
Supply Supply
g~ ] - — — — — —
Repalr  ———p
Resupply ———«P»
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5
o . SUB-NOTE 7.1, 2(2) Items Requxred in Repa:.r Pxpelme for Varying
P P Mult:.plexer‘Set Eqm.pment ‘Quantities
SO B P
AN Izen Qty/100 Sets Qty/300 Sets Qty/500 Sets
* 1. Module 3 9 Cos
. 2. Board, analog 2 5 8
3. Board, digital 12 : 35 58
4, ‘Board, electrical/ 1 2 ‘4
L mechanical __ _ -
. , 18 51 85
K 1B, 0§
Item Oty/100 sets  Qty/300 Sets Qty/500 Sets
L 1. Module ) 6 18 30
N 2. .Board, analog . 3 9 15 :ﬁ
3. Board, digital - 24 70 116 %
S } 4. Board, electrical/ 2 4 7 ;@
g mechanical _— _— &
‘ 35 101 168 ¢
e
A
5 =
1 R4
SUB-NOTE 7.1.2{3) Repair Pipeline Cogt fr» ¥a=si - ‘ 5
I . ¥ Ttleiuauz det Equipment Quantxtxes §
. »
N i . &
; COST ($ x 1K) H
* b1
W 1l Set 100 Sets 300 Sets 500 Sets ¥
. 1. cCard, digital 0.475  17.106 49.875 82.650
; 2. Card, electrical/mechanical 0.425 1.275 2.550 4.675 }
. ; 3. Card, analog 0.550 2,750 7.700 12.650 K
N : 4. Moduie 0.265  _2.385 7.155 11.925 ,{
< 1.7:5  23.510  67.280 111.900
;
3 3
i 3
it M
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7.1.3 Supply Administration Cost

Printed circuit ca.d and module repair requires that discrete component parts
comprising these items be aveilable via the Federal Supply System,

Integrated circuits used withun the Multiplexer Set are largely of the
transistox-transistor logic (TTL) family produced by Fairchild, Ircorporated.
Roughly 30 percent of these devices are within the medium scale intearated

circuit (MSI) category, and as such are relatively new to the industry.

In certain Multiplexer Set circuits, higher speed Jdevices are used. Again,

+hese devices have been available for a relatively short period.

The line interface (driver and receiver) modules use thick £ilm hybrid cir-
cuxts especially designed for Multiplexer Set application. 1In the case of
these devices, and cther discrete module components such as precision resis-
tors and pan/socket sets, it is doubtful that Federal Stock Numbers now exist

or will exist when module repair activity is initiaved.

On the other hand, with the increasing use of MSI TTL, it is difficult to
aetermine which such devices will have entered the Federal Supply System by

the time they are demanded for Multiplexer Set board repair.

For purposes of this analysis, a somewhat cursory check of Federal Supply
System documentation was made. This check indicated that many of the more
conventional (non-MSI) TTL integrated circuits being used in the Multiplexer
Set havé assigned FSN's. While thit would indicate an intent on the part of
the military to keep the supply system abreast of currently used devices, it
1s dafficult to cccurately define the situation to be experienced during the

Multiplerer Set support interval.
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It therefore appears that a'best estimate of the line item.quantity to be
assigned FSN'S solely for Multiplexer Set repair support ib appropridte. The
estimate used in this analysis is as follows:

Digitai integrated circuits - 10
Analog components - 3
Module components = 10
25 '

Reference 1 (Para 17D) establishes a cost factor for the introduction of a new
piece part line item to the Federal Supply System, and one for yearly.admin-
istrative maintenance once entry has been made. These cost factors are as,
follows:

FSN assignment - $171.01

Yearliy administration ~ 375.68

The year administration cost is applied each year of the equipment life cycle,
except for the year in which the line item is initially entered. On this

basis, the estimated Multiplexer Set supply entry and administrative cost is

as follows: '
bigital integrated circuits $35,521.30
(on printed circuit boards)
Analog components 17,760.65
(on printed circuit boards)
Module components 35,521.30
$88,803.25

7.2 Recurring RAF Costs
7.2.1 Packaging and Transportation Cost

Failed items returned to the depot or SRA facility are packaged by the local
(on-base) supply activity, transported to the repair facility, and re-
packaged by the repair facility for reinsertion into the supply system. Such
effurt incurs packaging and transportation expense at rates dependent upon
the geographical location at which the reparable item was generated.
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For purposes of this analysis, the nonpackaged weight of a typical Multiplexer
Set board or module is estimated at 1 pound. On this basis, reference 1

(Para 10) provides the following cost data:

a. Labor cost for packaging
CONUS - $0.1868 per pound !
0s - $0.233%1 per pound

b. Material cost for packaging
CONUS ~ $0.0497 per pound
0os =~ $0.2331 per pound

c. Ratio, packaged to unpackaged weight o
CONUS - 1.285 ¥
0s - 1.436 2

d. Transportation cost f
CONUS TO SRA - $0.0410 per pound 3
0S to SRA ~ $0.4309 per pound :

g

Based on the above, the packaging and transportation cost incurred with a

reparable board or module genexated at a CONUS location is as follows:

Labor, on-base packaging $0.1868 f

Material, cn-base packaging 0.0497 E

Transportation, base to SRA 0.0527 g

Labor, SRA packaging 0.1868

Material, SRA packaging 0.0497 i
$0.5257

Similarly, packaging and transportation cost for a reparable generated at an
0$ location is as follows:

AL e e o T e e B B

Labor, on-tase packaging $0.2331
Material, on-base packaging 0.2331 :
Transportation, base to SPA 0.6188 : ;
Labor, SRA packaging 0.2331 ! ¥
Material, SRA packaging 0.2331 a
$1.5512 ‘
330 ’




e e Wt = [P —

CHAP 7 - TRADE-OFFS . DN 701.

SECT 7D - MULTIPLEXER SET TRADE-OFF EXAMPLE

Zach generated reparable will then incur the-following packaging.and-trans-
fortation cost:

CONUS gerierated repacable '$0.53

0S” generated reparable $1.55

Since it has been assumed that tne fielded Nultiplexer Set equipments are
evenly divided between CONUS and OS locatiohs, the average packaging and
transportation cost per repair action can be expressed as:

$1.55 + $0.53
=z "

Using the *failure rate data from SN 3(3), SN 7.2.i(1) lists 10-year packaging

§1.04

and transportation costs for Multiplexer Set equipment quantities betwzen one
and 500. Fractional failure quantities are rounded to the next higher integer
for purposes of this computation.

7.2.2 Depot or SRA Repair Labor
Another cost incurred with the RAF candidate is that of depot or SRA repair
labor. This labor is expended in performing such tasks as receiving, docu-

menting, and inspectaing the failed item, as well as the normally encountered

isolation, repair, and repair verification tasks.

SUB-NOTE 7.2.1(1) 10-Year Packaging and Transportation Costs for
Varying Multiplexer Set Equipment Quantities

cosT (§ x 1K)
1 Set 100 Sets 300 Sets 500 Sets
1. card, digital 0.020  1.924 5.772 9.620
2. card, electrical/ 0.002 0.108 0.322 0.538
mechanical
3. cCaxd, analog 0.003 0.233 0.705 1.175
4. Module 0.005 0.493 1.477 2,462
0.030 2.760 8.276 13.795
331
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SN 7.2.2(1) depicts a typical failed item repair sequence. To each step of
the flow sequence are assigned estimated completion times in minutes. From
SN 7.2.2(1), a2t can be seen that the overall repair sequence is estimated to

require an average of 80 minutes, or 1-1/3 (1.33) hours per item. !

Reference 1 {para 10) provides a standard depot labor rate of $10.00 per man-
hour. Using this rate, the average lakor cost is $13.30 per item repair
action. This value is used for purposes of estimating total repair labor

cost for the RAF candidate.

SN 7.2.2(2) lists l0-year repair labor costs estimated for the various items
to be repaired. These costs are shown for varying quantities of fielded
Multiplexer Set equipments. Quantities of repair actions used in computing

the costs shown in SN 7.2.2(2) are based upon the failure rate data of SN 3(1}.

It should be noted that repair labor costs have been computed on the basis
of active repair times only, and consider any such labor to be available

from existing manpower complements. {
7.2.3 Depot or SRA Repair Part Cost

Reference 2 (Para 10) provides a model constant of three replacement parts per
repair action. This same factor is quoted by Reference 3 (Para 10). However,
since this factor is predicated upon data collected praor to early 1963, it

1s considered lakely that such data is related to electron tube or discrete
part solid state equipments. Recent experience with equipments comprised of
integrated circuits indacates that repair typically involves replacement of
only one such device. Part cost estimates used in this analygis are there-

fore based upon a sirgle part replacement pov repair action.

A review of integrated circuit component prices currently listed in industrial
catalogs indicates an average device cost of approximately $7.50. This cost
is predicated upon procurement quantities of 100 or less per device type and

is for military grade, ceramic devices. Using a replacement part cost of
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R

$7.50 per repair action, SN 7.2.3(1) lists-total ‘repair-part costs for quanti-

ties of multiplexer sets between one and 500.

TR aom

SUB-NOTE 7.2.2(2) 10-Year Depot or SRA Repair Labor Costs for
Varyirg Multiplexer Set Equipment Quantities

' ) $ Cost/100 Sets $ Cost/300 Sets § Cost/500 Sets
1. Modules 6, %.90 18,884.70 " 31,474.50
2. Board, analog 3,00 .50 9.013.50 15,022.50
‘ 3. Boara, digital 24,603.70 73,811.10 123,018.50
| 4. Board, electrical/  1,373.90 4,121.70 6,869.50
mechanical .
f 35,277.00 105,831.00 176,385.00

SUB-NOTE 7.2.3(1) 1l0-Year Repair Part Cost

Cost (§ x 1)
1 Set 100 Sets 300 Sets 500 Sets
1. Digital cards 143 14,300 42,900 71,500
2. E/M-analog cards 23 2,300 6,900 11,500
3. Modules 38 3,800 10,650 19,000
204 20,400 60,450 102,000

8. DAF/RAF COST COMPARISON

Paragraphe 6 and 7 have identified and discussed ccuts associated wath DAF
and RAF¥ candidates, respectively. This paragraph presents a comparison of

thzise costs as a function of the quantity of Multiplexer Set equipments being

supported. ﬁ

iy
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As shown in Paragraph 6, the total DAF cost is essentially that of replacing
failed items which have been discarded. The total cost for the RAF candidate
1s comprised of a muiber of individual recurring and nonrecurring costs.
Among these are the following:
a. Nonrecurring
Repair AGE
Repair AGE support
Repair pipeline
FSN administration
b. Recurring
Packaging &nd transportation
Repair labor

Repair parts

SN 8(1), SN 8(2), and SN 8(3) summarize DAF and RAF costs developed in
Paragraphs 6 and ) for modules, digital cards, and E/M-analog cards respec-

tively.

SN 8(4) graphically depicts the data contained in SN 8(1) through SN 8(3) and
1llustrates the DAF/RAF cost crossovar for each category. From SN 8(4), it
can be seen that the repair at failure 1s most economical for all item cate-

goxies once approximately 0 Mult.plexcr Set equipments are “eing supported.

3
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S

¥ . )

[ SUB-NOTE 8(1) DAF/RAF Cost-Surimary - Modules ]|

¥ ‘ S ‘ oSt ($ k 1K)

‘ 1 Set 100 Sets 300 Sets 500 Sets

: A. REPAIR-AT-FAILURE COST ’ ) h

§ Nonrecurxzing

¢ AGE 13.5 13.5 13.5 13.5

3 AGE Support 8.6 ‘8.6, .8.6 8.6

9 Pipeline 0.3 2.4 7.2 11.9

B FSN Administration 35.5 35.5 35.5 35.5

Subtotal 57.9 60.0 4.8 9.5

f Recurxing

i Pack and ship Neg. 0.5 1.5 2.5

f.abor Neg. 6.3 18.9 31.5

4. ) Parts Neg. 3.8 10.7 19.0

28 Subtotal  Neg. 10.6 31.1 53.0
; RAF total 57.9 70.6 95.9 122.5
‘ B. DISCARD-AT-FAILURE COST i3 125.6 376.3 627.3
DAF total 1.3  125.6 376.3 627.3
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SUB-NOTE 8(2) DAF/RAF Cost Summary = Digital Cards
COST ($ % IX)
1l Set 100 Sets 300 Sets 500 Sets
A. REPAIR-AT-FAILURE COST
s . Nonrecurring
; AGE 205.6  205.6 205.6 205.6
AGE support 131.6 131.6 131.6 131.6
Pipeline 0.5 17.1 49.9 82.7
FSN administration 35.5 35.5 35.5 35,5
Subtotal  373.2 389.8 422.6 455.4
Recurring
Pack and ship Neg. 1.9 5.8 9.6
Labox Neg. 24.6 73.8 123.0
Parts 0.2 14.3 42.9 71.5
Subtotal 0.2 40.8 122.5 204.1
RAF total 373.4 430.6 545.1 659.5
B. DISCARD-AT-FAILURE COST 9.0 876.8 2636.3 4393.8
DAF cotal 9.0 878.8 2636.3 4393.8
337
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’ J} CHMP 7-- TRADE-OFFS

“DN 7D

e ™ e

SUB-NOTE 8(3) DAF/RAF Cost Summary:: E/M-Analog"Cards

COST ($ x 1K) j
1 Set 100 Sets 300 Sets 500 Sets : 2
| . g
d :A. FEPAIR-AT-FAILURE COST !
3 Nonrecurring I
! AGE ] 42.9 42.9 42.9 42.9 i
E AGE support 27.8 27.5 27.5 27.5 i
‘ Pipeline 1.0 4.0 10.3 17.3 I ,
; FSN administration 17.8 7.8 17.8 17.8 )
‘ Subtotal 89,2 92.2 98.5 105.5 ’
t
Recurring !
Pack and ship Neg. 0.3 1.0 1.7 i
Labor Neg. 4.4 13.1 21.9 !
Parts Neg. 2.3 6.9 11.5 l
i Subtotal Neg. 7.0 21.0 35.1 ‘
RAF tota . . . .
| 1 89.2 99.2 119.5 140.6
B. DISCARD-AT-FAILURE COST 2.5 168.5 504.7 839.2 5
; i !
; — I
DAF total 2.5 168.5 504.7 839.2 t
H
‘ ‘
I
&
%
! “?:
' '}Si
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AT,
,‘v./‘

"

b

‘| suB-NOTE 8(4) DAF/RAF Cost Comparison

R S S R S e

R

10,000

) u DAF
- » (bigital Cards)
: 1000 |-
L. 43

2 r
) s | RAF (Digital Cards)
H DAF
! < [~ (Modules)
! » |se

] -
! 8 | A/
, 100 }--. (E/M-Analog Cards) v/ /]
i - / l/mﬂ‘ﬁdules)
! =
: B DAP
i (E/M=-2na’og 51
! - Cards)

] L o Ltis 1 ] 34 3 111 i ] L Lt
10 100 1000

B

Multiplexer Sets Supported :
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.

9. CONCLUSIONS AND RECOMMENDATIONS

Based upcn the resnlts of this analysis, it can be concluded that depot or
SRA repair of failed Multiplexer Set cards and modules is more economical

than discard at fai}ure. This is.provaded, of course, that the quantity of

. supported Multiplexer-Sets exceeds approximately-60.

The largest potential source of crzor encountéred in the analysis is con-

sidered to be related to the mapner in which long-teria labor and material

cost fluctuations are treated. As noted in Paragraph 6, Ail'ESEEETZEZ'ESEEGZZa
on the basis of current estimates and are considered to fluctuate equally for
both DAF and RAF candidates. It can be argued that such an approach is in-
valid on the basis that the DAF candidate results in larger dollar expendi—
tures, and is therefore more subject to inflationary trends., Hewever, since
the FAF candidate is clearly preferaile from a total cost standpoint, any
inequity associated with the potentiaily larger long-term DAF cost fluctuation
becomes irrclevant.

As for other unidentified error sources which may exist, it should be noted
that the cost differential between DAF and RAF candidates increases sharply
as a function of the gquantity of Multiplexer Set equipments being supported.
At a quantity of 100 sets supported, this differential climbs to nearly
$600,0C0, and at 500 sets, becomes approximately $5 million.

It becomes difficult to envision errors or overlooked cost factors which,

when considered, could offset such a significant margin.

It is therefore recormended that i1f a total of 60 or more Multiplexer Set
equipments are to be operationally supported, the support concept for failed
cards and modules be predicated upon their repair and reuse.
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10.

REFERENCES

1.
2.

AFLCM/AFSCM 375-6, Optimum Repair Level Analysis, dated 20 May 19¢8.
RADC~TR-68-187, Maintainability of Microcircuit Equipment, dated
Septamber lé68

AD 455102, Economic Decision Criteria for Repair Versus Throwaway
Maintenance, 1963-1964

CER-RM-003-2, Reliability and Maintainability Allocations, A&sessment
and Analysis Report (Revision 3) for Multiplexer Set AN/GSC-24(V),
dated 26 February 1971

341

R

S e

g e AR




e F T TS PG L it T

R e S B K B Do VB X e\ g per g "
.
s
et
£
L)
i3
15
o
&
-t >
-
a}
Q
[
[
i
)
o
(2] [
5 3 _;
g g :
|
2 3 :
.& ked i
S i
s [ H
g & _ﬁ
© &
5 8 3 ,
S ] A
- e <
4 < © ™ !
m m o {
i 3 |
5 3 |
= i
£ 5
- O {
[S I }
m o {
o o
@ |
@
) 1
4
-t
]
+
i~
]
L]
54
L]
2
[
F=1
(<]
.
w2
L] [Z]
g
o
S o e -




P R LB

VAEHF IR T e Tes 4 0 Do I FOT B RN LR P AT T TN Tt AR ﬁaw.,aw.\‘.faiﬁ;wj.a

- - - [N O, N

CHAP 8

SPECIAL MAINTAINABILITY ANALYSIS

SECTION 8A -~ DESCRIPTIORN
Design Note 8Al - Special Analysis

MAINTAINABILITY

CHAPTER 8




CHAP 8 - SPECIAL MAINTAINABILI’I;Y ANALYSIS

SECTION 8A

DESCRIPTION

This section contains a description of the special maintainability analysis

task. To describe this task, examples of different types of analysis per-

formed on the Multiplexer Set are presented.
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CHAP & - SPECIAL MAINTAINABILITY ANALYSIS

SECTION 8A

SECT 8A

DESCRIPTION

v

DESIGN NOTE 8Al - SPECIAL ANALYSIS
1. GENERAL

2. SPECIAL MAINTAINABILITY EXAMPLES

2.1 Example .1, Diagnostic Effectiveness

2.2 Example 2, Access Provisions

2.3 Example 3, Mechanical Interference

2.4 Example 4, Diagnostic Ambiguity

2.5 Example 5, Test Equipment Selection

2,5(1) Ratio, Counter to Measured Signal Accuracy,
Intexrvals

2.6 Example 6, On-Line Maintenance

2.6.1 Areas of On-Line Maintenance Potential

2.6.2 Investigation Tasks

2.6.3 Analysis

2.6.3(1) RCB/SB Initiate

2.6.4 Summary of On-Line Maintenance

2.6.4(1) Opn-Line Maintenance Performance Summary
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CHAP 8 - SPECIAL MAINTAINABILITY ANALYS1S DN 8AL
SECT 8A =~ DESCRIPTION

DESIGN NOTE 8Al SPECIAL ANALYSIS

1. GENERAL

The term "special maintainabil:ty analysis" refers to those analytical efforts
which are peculiar to the particular develcpment process at hand. This is
as opposed to those analytical tasks such as allocatiors, predictions, and

trade-offs whach are typically common Yo all maintainability programs.

Special maintainability analyses may address form, fit, function, or cost,
either individually or in combinations, as the situation dictates. With

such a wide range of pote-=tial subject matter, it becomes difficult i1f not
impossible to provide firm guidance in the form of guidelines and methcdology.

Rather, emphasis is given to illustrative examples. i

2. SPECIAL MAINTAINABILITY ANALYSIS EXAMPLES
2.1 Example 1, Dragnostic Effectiveness !

In the Chapter 1l discussicn pertaining to formulation of maintainability and
maintenance-related constraints, we addressed derivation of the mean correc-
tive time (ﬁ;t) requirement for the Multiplexer Set equipment. This value
was 0.2 hour, or 12.0 minutes. It was also established that attainment of
this constraint, with the skill levels sxpected to be available in the user's
organization, would necessitate the incorporation of fault localization and

isolation aids withan the Multiplexer Set design.

Recognizing that such aids have certain inherent lamitations, we must ascer-
tain how effective these aids must be, and determine 1f the required effec-

tiveness is feasible to attain., Effectiveness 1s defined as that pexcentage

of the total multiplexer failures which are successfully treated by the
integral diagnostic aids.
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The first step 1n this special maintoinability analysis entails determining

the average corrective maintenance task time 1f both effective diagnostic

4y :
R e

aids were providzd and the diagnosis were left to conventional "scope and

schematic" processes.

izt -

Based upon the use of one or more of the prediction methods discussed in

Chapter 13, let us acsume that tasks accomplished using integral diagnostic

g o3

axds can be completed an an average of 5.0 minutes, and those entailing con-

.. g

, ventional troubleshooting processes in 45.0 minutes. b

ey

It we let X represent the percentage of faults effectively treated by the ig
draynostic aids (expressed as a probability), and 1-X as the percentage of A

' faults conventionally diagnosed, then: ! Eﬁ
(X) (5.0) + (1-X (45.9) » :2.0 i ;‘

X = 0.925 ' E:

i or 92,5 percent. % g
Thus the diagnostic aids to be incorporated with.n the Multiplexer Set design E

A

el R s DA S A st PO A P YT

must be 92.5 percent effective to enable compliance with the 12.0-minute E;t

constraints.

A detailed discussion with the electrical engineers designing the Multiplexex

Set establishes that approximately 95 percent of all Multiplexer Set failures

could be effectively treated by integral diagnostic aids. Since the reguired

effectiveness of 92.5 percent 1is less than this value, the reguirement appears

feasible and is undertaken as a working design constraint.
2.2 Example 2, Access Provisions

Implicait in attaining diagnostically aided Multiplexer Sel task timas averag-
ing 5.0 minutes, is the requirement for xzapid access to the equipment inter-
nals. For this reason, and cons.dering other design requirement.s pertaining

to shock and vibration, the front access ccver of the Multiplexer Set is

e SRA e VhOR b -

secured by fast-lead quick release screw devices.
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Using a prototype Multiplexef‘Set chassis as a vehicle, an assessment of ac-
cessing ease and speed was conducted. This assessment indicated a fastening

device problem having significant maintainability impact.

e A T g, A \I{Gm“' TR

' The threaded body of the fast-lead device was of a length precluding complete
independent release of an individual fastener while other fastzners remained

engaged. This therefore reguired that all door fasteners be released (or

LTS

tightened) in a sequential fashion, and that sever2i cycles of this sequence
be repeated to accomplish door opening (or closing). With this arrangement,

door opening or closing required approximately 4 to 5 minutes, and thus has

unacceptable impact upon equipment maintenance taime.

The manufacturer of the fastener produces a variety of different fast-lead
screw tyves which interface with the fastener receptacles installed in the

HMultiplexer Set chassis. !

Of these, one exhibits thread body dimensions permitting complete independent
fastensr release or engagemeat. Several samples of the new device were ob-
tained and tested for proper performance. With the reviced fastener type,
access door opening or closuve can be eccomplished within approximately 1

} minute. This is fully consistent with previously predicted values, and is

considered quite acceptable for the Multiplexer Set design.

On this basis, engineering documentation will be revised to reflect use of

this alternate fastener, thus resolvang the proklem.
2.3 Example 3, Mechanical Interference

A mechanical interference prol lem between the chassis structure and the har-
ness connecting to the equipmeit side of the input power filter assemblies

was observed. This interference precluded filter replacement from the rear of
the chassis, thus requiring wiring plane xemoval as part of the filter replace-
ment process. This problem was resolved by enlargement of the chassis cleax-
ance holos through whach the filter wiring harness is routed. With this
change, either of the filter assemplies may be extended a sufficient dastance
from the chassis rear surface to permit separation or connection of the filter
electrical terminals.




Ty RS

Fhos

By I

S i R SR T e RNl A

R Ao G Rl Dt e SR

S e e s . e, o ——— s Ao i A
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This revision has been incorporated in the Multiplexer Set design, and has

been demonstrated to have corrected the probiem.

2.4 Example 4, Diagnostic Ambiguity

The diagnostic implementation for the Multiplexer Set rate comparison buffer

(RCB) is unable to distinguish between an input timing out-of-tolerance con-
dition and certain RCB failure moaes. In certain cases, therefore, an out-
of-tolerance display was also accompanied by one or more malfunction indica~
tions.

Special analy;is of this problem indicated a potential resolution. 1In the
RCB, the front panel di. lay of an apparent out-of-tolerance conditicn may be
momentarily withheld while the RCB diagnostic automatically perfoxrms a pra-
determined self-test routine. This rxoutine inserts a known in-tolerance tim—
ing reference into the elastic store logic, instead of the normal input timing.
If the detected out-of-tolerance condition clears during the test interval,
the input timing signal is known to be out of tolerance, and the panel digplay
is allowed to activate. If the out-of-tolerance condition continues to be de-
tected during the self-test routine, an RCB malfunction is known to exist, and
1s so displayed on the front panel. The worst case time to complete the self~-

test routine is approximately 250 milliseconds. ‘

Further analysis by the elec*rical engineer andicates that this potential "f£ix"
can be implemented witu negligible impact on design complexity. On this basis,

a preliminary redesiyn and a breadboard test have been planned,
2.5 Example 5, Test Equapment Selection

The fundamental output frequency of the Multiplexer Set reference timing source
is 9.8304 x 106 Hz. In accordance with the Multiplexer Set design specification,
this source is adjustable to 1 part in 107, with a long-term stability of 1 part
in 106 per 3C days. °The phase lock loop reference timing source in the Multi-
plexer Sut operates at a fundamental freguency of 1.843 x 106 Hz, and exhibits
adrustment and stability charxacteristics identical to those of the Multiplexer

Set reference timer.
349
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The drift characteristics of these timing sources, together with the minimum
acceptable inaccuracy of 1 part pér 106 per 30 days, xr.juire that they be
periodically calibrated and readjusted as required.

A recognized standard -for the calibration of such signals is the use of a
test instrument (frequency counter)} having an accuracy four times that of

the signal beang.calibrated. In the Multiplexer Set case, this .is one-fourth
of 1 part in 107, cr 2.5 parts in 108. Lower accuracy ratios can be used, if
necessary, but should not be allowed to go lower than 2 to 1.

Because the frequency counter being used must itself be calibrated, it is
desirable that aits calibration intexval be as long as possible to reduce work=-
load upon the local Precision Measuring Equipment Laboratory (PMEL).

Fo: purposes of this analysis, a test instrument calibration interval of 90

days wns established as a goal.

Other then initial calibration accuracy and short-term instability, the
praimary factor dictating the calibration interval is time base drift due to
crystal aging characteristics. If a 90-dey calibration interval is assumed,

and calibration accuracy ignorzd momentarily, the required aging character-

istics for a 4:1 accuracy ratio must be:
(90) (x) = 2.5
x = 0.0277

where x is the aging rate per day in parts per 108.

A

Similarly, if the accuracy ratio is reduced to 2:1, the rzequired aging rate
must not exceed
(90) (x) = 5.0
x = 0.0555 parts per 108 per day.
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N

Based upon the above, arift of the test instrument time base due to crystal

aging must be noé greater than 5.6 parts per 1010 per day. An aging rate no

1
greater than 2.8 parts per 10 0 per day is required if the 4:1 accuracy ratio

is to be maintained.

FERR A Gy W g AT A A T T

P

A review of MIL-HDBX-300A (USAF) did not reveal a listing for an instrument
possessing the required aging drift characteristics. Further irvestigation
of data supplied by commercial instrument manufacturers indicates the avail-
abirlity of a frequency counter that appears compatible with the Multiplexer

Set appiication. ,

SRR R DTN

The freguency counter measures input signals at frequencies between 0 and 50

x 106 Hz at an accuracy of its time base i 1 count. The counter time base

. |
g ) ‘ (internal) operates at a frequency rnf 5.0 x 106 Hz, and demonstrates an aging t
i' é rate of less than 5.0 parts per 1010 pexr day. SN 2.5 (1) depicts this aging i
% § rate, in texms of the resulting counter calibration interval, for varying

% counter to measured signal accuracy ratios. From SN 2.5 (1) it can be seen

% that an acceptable {2:1) ratio can be maintained with counter calibration

5 intervals of 90 days if initial counter calibration is to an accuracy of 5

> parts an 10°.

The frequency counter incorporates an eight-digit front panel readout dis-
play, thus negating the impact of the + 1 count inherent inaccuracy when
measuring signal frequencies of less than 107 Hz. The fundamental frequency
of the Multiplexer Set reference timer, at 9.8304 x 106 Hz, thus falls within

this category.

Based upon guidance received at the AGE Guidance Conference, the selected
frequency counter should be operable from the same power sources as the §
Multiplexer Set. The manufacturer's data for the counter indicates that this

feature is included.
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SUB-NOTE 2.5 {1} Ratio, to d signal
for Varying Calibration Intervals*
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Ratio, Counter to Measured Signal Accuracy

2:1 (Acceptable)

| “Initial Counter Calibration to 5 Parts/log. and h
Time Base Aging of S Parts/101%/pay.

[ 20 40 60 80 100 120 140
Pays Since Calibration

352 '




CHAP 8 - SPECIAL MAINTAINABILITY ANALYSIS DN 8AL
SECT 8A - DESCRIPTION

2.6 Example 6, On-Line Maintenance

Based upon reliability and maintainability discassion during the preliminary
design review (PDR), the need for a high degree of Multiplexer Set avaii- '
ability was emphasized. This need is predicated upon the expected using en- ,
vironment, which may require continuous operation for extended periods with-

out benefit of scheduled preventive maintenance downtime, .

Of particular anterest from an increased availability standpoint is the
potential for performing a substantizl amount of on-line corxrective and

preventive maintenance.

Simply stated, on-~line maiatenance involves the isolation and repair of ,

failure 1in one part of the equipme.it while other parts remair powered and

tion, even though some degradation may bes unavoidable.

, operating. The objective, of course, 1s to maintain oversil system opera- ;
Some areas of the baseline Multiplexer Set desagn pcesently appear adaptable |

to on-line maintenance techniques. Others appear to offer this potential

with certain design changes.

2.6.1 Areas of On-Line Maintenance Potentiial
a. Channel-~Related Circuits and Logic

On-Line exchange of receiver/driver modules, and RCB/SB and TSRC/STRC cards

should be a prame consideration for two reasons: (1) because of their quantity,

they represent a large segmznt of overall Multiplexer Set failure rate; and

Sz

(2) failure of a given chaunel xepresents equipment degradation rather than

s

x,

S

outage.

Aol
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Several factors are pertinent when considering on-line maintenance of channel-
related electronics:
* Equipment damage resulting from improper power removal/applica-
tion sequences (particularly in line drivers).
* Reinitialization of legic timing.
* Power shorts caused by mechanical misalignment during replace-
ment.
b. Power Supplies
The baseline design {two independent supplies with common sensing and swi:ch-
1ng) requires system power removal during replacement of a failed unit. Thus,
from an availability standpoint, the only real advantage of such a redundant
arrangement is a reduction of overall failure rate by withholding repair
until both units have failed. This seems to defeat the potential of con-
tinuous operation which could be realized by repair of one failed unit while

the other continues to enable equipment operation. As with the channel-

. related area, a prime factor relative to on-line replacement of failed power

supplies is that of personnel and equipment safety.

¢. Cooling Air Blowers

The baseline design uses two cooling air blowers. Failure of either blower
1s thermally detected by a common sensor. On=-line replacement of failed
blowers must consider persoinel safety hazards caused by the l15-volt input

power supply and the high-speed mechanical rotation of the fan.

Also to be considered is the potential damage to equipment caused by tempera=-

ture increases when a blower fails or 1s depowered for maintenance purposes.
2.6.2 Investigation Tasks

In examining the Multiplexer Set on-line maintenance potential, ce:tain spe-

cific tasks are performed.
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|

|

a. Mechanical
r l (1) Determine 1f mechanical tolerances associated with module/chassis inter-

» } face will permat inadvertent. "cocking” of modules tc the extent that adjacent

edge~loaded counector foils can be shorted or otherwide misconnected to the

chassis or to each other. Do the same for PC cards.
(2) Determ.ne 1f sufficient space exists to incorporate nonsoldered, partial-
turn electrical interconnection between chassis and cooling blowers.

(3) Determine the effect upon equipment operation when a blower has failed

i
l
|
- { or is othervise disabled.
;
3
t

(4) Exanine space and positioning implications assocrated with similar dis-

connects between power supplies and loads and inputs.

Eroen

(5) Determine equipment hazards associated with inadvertent tcuching of

L

adjacent cards during power-cn removal/replacement.

b. Circuits
(1) Examine equipment damage potential associated witn random electrical

~

ki

l disconnection and connection of driver and receiver modules with powered

main chassis.

{(2) Investigate the same for power supplies.
(3) Determine what damage potential exists when driver and receiver modules

are operated with timing and data cables discoanected.

(4) Investigate the introduction of transients caused by card removal and
insertion upon the replaced item and remaining equipment elements, including
power sensing circuits.

c. Logic

(1) Establish equipment damage potential when power and signals are randomly

removed and applied to logic cards.
(2) Investigate requirements for initialization in channel-related cards when

‘{‘
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replaced with power applied.
(3) Consider rethods for resetting of diagnostic errcr latches and out-of-

tolerance holding latches.

355

T e o B




CHAP 8 - SPECIAL MAINTAINABILITY ANALYSIS DN 8al
SECT 8A - DESCRIPTION

d. Other
Determune effect upen inherent availability when on-line maintenance capa-

brlity 1s incorporated in selected areas.
2.6.3 Analysis

a. Assumptions

In the analysis of on-line maintenance implications, certain assumptions were

made,
1] {1) The equipment configuratiorn is the same as that upon which the current
; MTBEF requirement 1s kased.
‘ {2) On=-line maintenance of blowers considers the worst case room ambient

temperature of 52°C and a 40°C A T in the driver/receiver module area.

(3) Blower investigation is based upon blower failure in module ares.

(4) The failure rate distribution reflected in the prediction presented at
5 the PDR will 1emain approximately unchanged, while the total failure rate
will reduce to a point enabling attainment of the 2200-hour MIBF requirement.
b. Impact Upon Availability ‘
(1) Channel-Related Electronics
Wnen cn-line maintenance of fai'ares .n channel-related areas is accomplished,
only the failed chaunel 1s 1noperative. The remaining 30 channels continue
to process data in & wormal manner. This effectively reduces the failure rate
an the channel area to that associaced with a single channel rather than with

31 channels.

Thus overall favlure rate is effectively reducea to that associated with one
channel plus common equipment. Without consideration for any additional hard-
ware which may be required to enable on-line maintenance of the channel area,

such a configuration yields an effective MTBF _lightly in excess of 8000 hours,

NOTE: Subsequent sections will identify the requirement for certain added
nardware co enable on-line maintenance rf channel failures. This added hard-
ware, which falls in the common electronics category, will lower the effective

MTBY to approximately 7500 houxs.
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Because correction of failures in the channel area 1s presently an expedient
process, rgducing the effective failure rate in this area has an adverse ef-
fect upon E;t' Considering a ratio between predicied and required downtimes
similar to trat associated with the baseline design, on-line maintenance of

channel failures will increase the E;t to approximately 16.0 minutes.

An MTBF of 7500 hours and an ﬁ;t of 16.0 minutes yields an availability of

0.999964. This is opposed to an availability of 0.999900 required of the
baseline system.

(2) Power Supplies

On=line replacement of failed power supplles effectively reduces their down-
time contribution to .ero. If an on-line maintenance capability 1s provided
in both the channel area and power supplies, effective MTBF 1s approximately
9000 hours. On~line power supply replacement represents little additional
degradation of ﬁ;t’ with the 16.0-minute value remaining applicable. Avail-
ability, when on-line maintenance of both channel area and power supplies is
used, 1s approximately 0,999970.

(3) Cooling Air Blowers

Detailed life expectancy data for the baseline cooling air blowers is pres-—
ently unavailable. Howev2r, preliminary discussions with representatives

of the vendor's application engineering organization indicate a value of
20,000 to 30,000 hours to be reasonable. Bearing wearout is the primary

failure mode, wath random failure rate being essentially negligible.

Blower replacement due to wearcut is considered in the category of praven-
tive maintenance. However, due to the low expected replacement rate (once
each 3.4 years at a 30,000-hour life), 2t is likely from a practical standi-

point that scheduled replacement will be overlooked, forgotten, or .ignored.

Based upon this factor, and the necessity for equipment shuidown when blower
fairlure is encountered, some means for detecting aud indicating blower deg-

radation (before complete failure) would appear desirable.
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c. Impact Upon Design

Incorporation of an on-line maintenance capability will necessitate certain
nodifications to the baselinz design, pramarily for reasons of personnel and
equipment safety and logic initialization.

(1) Channel~Related Electronics

Presently, printed circuit cards are aligned with their respective ccnnectors
by 2-inch guides which are an integral part of the molded connector. The
combination of mechanical tolerances and f£lexure of these guides at their
upper end enables "cocking" of a pranted cirxcuit card during the installation
process. The worst case magnitude c¢. this cocking i1s such that mi.connection
of the card and its connector can occur before the card is fully ceated.
stiffness of the guides at the lower ({connector) end will preclude mis-

connection when the card is fully inserxted.

To preclude inadvertent shorting of power, ground and signal intexconnections
during power-on carxd insertion, it 1s necessary to replace the present card
guide arrangement with a design providing card alignment throughout the
insertior process. This also entails addition of hardware fox rigid support

of the longer guade.

A similar aligament requirement exists if power-on line draver and receiver
module exchange 1s contemplated. Iun the case of these modules, however, such
alignment can be assured by the insertion of additional keying tabs in the

chassis half of the module connector.

From an electrical staudpoint, on-line exchange of items comprising the
channel electronics area w:ill necessitate the incorporation of a means for

oroparly inatialazing anpat/output counters wathin the RCB and SB logic.

With the current design, this function is automatically performed upon ap-
pli ation of primary powexr, whaich resvlts in the generation of a power-on

reset signal routed to all RCB's and SB's.
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With on-line maintenance, generation of a similar reset signal must be accom-
plished. However, to preclude discupting the operat.ion of non-failed channels,

the reset must be selectively applied only to the failed RCB or SB. One

1mplementation of a design providing this function is depicted by SN 2.6.3 (1).
With this design, the stored binary number representating of the fault location,
noxmally applied to the front panel exrxor display, is also routed to a binary-

to~decinal decoder. Enabling the output of this decoder by the front panel

ERRCR RESET button allows a reinitializing pulse to be routed only to the

— s it —

channel associated with the stored error number. Storage latches (flip-flops)
associated with the failed channel, which may assume an error state when the
replacement item is installed, are thus readrly reset by depressing the front

Lt panel RESET button.,

, Incorporation of the anitialization design depicted by SN 2.6.3 (1) entails

1 revision of present front panel and interconnecting cabliny designs, as well
) as addition of channel number decoding logsc. This logic could be collocated
upon the remote alarm card, which presently has a sufficient amount of unused

component mounting area.

(2) Prower Supplies

The current design baseline uses two independent power supply units which may
be alternately connected to the equipmen. load via cormon error sensing and
switchang circuits. Pramary power is applied to both supplies via a 4PST
front panel toggle switca. In normal operation, primary power is continuously
applied to both the primary (on-line) and standby units. On-line replacement
of a fairled supply will require independent conlrol of supply input powex.
This can be accomplished by replacing the present power switch with two

switches of a 2PST configuration. Fox reasons of replacement expedizncy,

input and output power supply terminals are exposed upon opening of the

chassis access doox, To preclude inadvertent contact with terminals of the <
active supply during on-liue replacement of the failed unit, a protective E
cover 1s required. This may be a snap-on/off plastic design ox other suiidos«e %

design. Both pers~unel #nd equipngal damage hazards dictate such protection.
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(3) Cooling Air Blowers

Several factors influence the decision to perform on-line.corrective mainte-
nanre of cooling axr blowers. The design baseline uses a temperature sensing
device for detectaon of failare in either blower. When equipment temperature
exceeds the sensor actuation poant, equipment operation may be impaired, and

should be terminated by removal of input power. Due to the relatively ".igh

_ amount of power bzing dissipated, the operating temperature rise in the line

driver area is approximately 40°C over room ambient temperature. Should
failure of the cooling air blower in the module area occur, the temperature
in this area will rise at a rate of approximately 1.8°C per minute. Thus,
with a woxrst case room ambient temperature of 52°C, the temperature in the
module area will reach 125°C approximately 18.3 minutes following blower
fairlure. It is expected that propex equipment operation will terminate at

or near this level.

Currert predictions indicate that blower correction task time is approximately
25 minutes. While certain design changes could reduce this figure to within
the 18~minute interval, the practical limitation is one of response time on
the part of the operator or repaixman. When delays in noting the occurrence
of biower failure and/or in obtaining a replacement spare are considered, it
1s unlikely that blower failure correction can be effected before temperature
limu:zations are exceeded. On this basis, on-line corrective maintenance of

cooling air blowers is not reccmmended.
2.6.4 Summary of On-Line Maintenance

SN 2.6.4 (1) summarizes the effects upon MTBF, ﬁ;c, and availability resulting

from incorporation of on-line maintenance provisions.

361




CHAP 8 - SPECIAL MAINTAINABILITY ANALYSIS

DN 8Al
SECT 8A - DESCRIPTION
SUB~NOTC 2.6.4 (1) On~Line Maintenance Performance Suz::rary“
MTBF .M ilabili
M Mct Availability
(2)
1. Baseline Design 2200(3) 12.0(3) 0.999900
2. Channel Related Electronics 7500 16.0 0.999964
3. Channel Electronics and Power 9000 16.0 0.999970
Supplies
(1) In hours {effective)
' ‘ (2) In minutes
(3) Specified requirement
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MISSION
of
Rome Air Development Center

RADC is the principal AFSC organization charged with
planning and executing the USAF exploratory and advanced
development programs for electromagnetic intelligence
techni. aes, reliability and compatibility techniques for
electronic systems, electromagnetic transmission and
reception, ground based surveiliance, ground
cormunications, information displays and information
processing. This Center provides technical or
management assistance in support of studies, analyses,
development planning activities, acquisition, test,
evaluation, modification, and operation of aerospacs
systems and related equipnent.

Source AFSCR 23-50, 11 May 70
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