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FOREWORD 

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

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

This notebook is dedicated to· Mr. Frank MazzolA whose untimely death 
resulted in a great loss to th-. maintainability world. 

This report has been reviewed by the Office of Information (OI), RADC, 
and ap~roved for release to the National Technical 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. 

APPROVED: ~-•n ./!'-,··&-
< ,' JAMES SAPORITO 

Project Engineer 

JOSEPH J. NARESrt 
Chief, Reliability, Compatibility Division 

FOR THE co...ANDER: 

Chief, Plans Office 
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ABSTRACT 

The RADC Maintainability Engineering Design Notebook brings together 
currently available knowledge of maintainability em~ - 1~e ring and treats s uch 
knowledge from a practical rather than theoretical vic-wpoint . The notf'lx>0k 
provides both quantitative and qualitative information anrl te~hniquf'~ which 
can serve as guidelines for those er onnel who are directly responsibl f' for 
establishing maintainability requirements and maintainability design, and for 
the acceptance of the maintainability of Air Force g·ound electronic systems 
and equipments. 

Although the notebook is directed at ground electronic systems, the 
majority of the material is applicable to a much broader class of hardware. 

Specifically, the notebook includes a description of the time phasing of 
the maintainability program tasks, a breakdown of maintainability into its 
roots, and detailed description, guidelines and methodology, procedures, 
and an example of each maintainability task, as applicable. 

Since maintainability covers a wide range of disciplines ranging through 
electronic and mechanical design, instrumentation requirements, log i stic 
support, personnel requirements, and statistics, it is not anticipated that 
any single group will find all of its responsibilities completely described 
in this notebook. It should, however, contrjbute significantly to improved 
maintainability programs and subsequent improved system/equipment maintain­
ability. 

It is intended that the notebook will be updated and rev1s1ons issued as 
necessary to enhance its applicability and maintain its currency with ad­
vance~ in the maintainability discipline. 
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CHAPTER 9 

MAINTAINABILITY l«>DEL 

This chapter contains a discussion of the use of 1110dels and their application 

to the maintainability discipline. In addition, detailed task descriptions, 

guidelin~s, methodology, procedures, and a detail~d example are presented for 

a revision of the Diacard-at-Failur• Maintenance (DAFM) mathematical model as 

contained in RADC-TR-68-187 (AD 842 399). This .:>delis one example of the 

ge:1eral and speci fie models which exist in industry today. 
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HAP 9 - MAINTAINAB LITY MOC£L 
SEC1' 9A 

: 1:rr1uN 1 11\ 

DETAIU:D TA..<; K Dt:S Ck.ll''fl 

This section contains a detail d task scription >f modelin , , outlining the 

different types of aodela and aodeling con iderations. 
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OlAP 9 - NAINTADIMILITY NOISL SECT 9A 

SECTiat 9A CETAILED TASK DESCRIPTION 

IESIGII NOft! 9Al - MOIZL USAGE 

1. INTll>DUCTiat 

2. TYPES or ,mmLS 

3. ..:,m:x. CCIISitEAATiatS 

4. MOCEL lESCRIPTIC91 
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SECT 9A - DETAILED TASK IESCRIPTION 

IESIGN NOTE 9Al MODEL USAGE 

1. INTRODUCTION 

The systems engineeri ng process is def incd . , s the proc t i si; by whid, i 111'111. 1 , ,­

quirements from the user or procuring agency are conve rted into output infor­

mation which describes an optimum combination of system elements to satisfy 

requirements. The optim\.11\ decision is derived based on an iterative proce ss 

which includes f •mctional analysis, synthesis of alternative candidates, and 

evaluation. Selection of an optimum configuration for design or support in 

roost cases is based on life cycle cost (acquisition and support costs) and 

performance characteristics relative to total cost effectiveness. 

Models are used in the deterministic process for the cost and performance 

parameters. A model is defined a s a systematic, analytical process used to 

predict system parameters. The model may consist of a simple functional 

flow or block diagram of few elements to a complex flow diagram depicting a 

total system operational flow. Models may be implemented either manually or 

through computer programming, and may specifically be used as a maintainability 

tool :o perform allocations, predictions, design, or suppor t concept alterna­

tive trade-offs. 

2. TYPES OF MODEL.S 

Basically, mod.els _ are divided into two major categories: computation and 

simulation. 

a. The computational model is developed to identify the extensive computa­

tions involved in the procedures for prediction, performance, evaluation, and 

total life cycle costing and to assure that exactly the same computational 

procedure is used for each candidate. 

b. The simulation model is developed to perform a simulation of system opera­

tion over its entire life cycle. From the simulation, statistics are developed 

which isolate critical support, reliability, and maintainability e1riments an<'t 

identify problem areas and probable anias of improveme:nt. It a 1 !'JO prov i <1,.,11 

quantitative output information suitable for direct input to systems and coHt 

effectiveness models. 
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SECT 9A - DETAILED TASK IESCRIPTION 

3. MODEL COOSIIERATIONS 

The emphasis by DoD on an integrated logistics support program, which involves 

consideration of total life cycle cost for a system, has required industry to 

concentrate on sophisticated methods for determination of these factors. In­

dustry has developed computerized models that are used for determining sys-

tem cost, system requirements, performance characteristics, support require­

n,t:.its, etc. The need for canputerization of ioodels depends on the following: 

• Time frame of program 

• Magnitude a,,,1 complexity of equipnent 

• Identification of trade study requirements 

• Detail of data to be available 

• Program budget. 

The computerization of a model provides the following advantages: 

• Facilitates the competitive response to as stem ~P 

• Insures rapid response in terms of life cycle costD, avail­

ability, and optimum system effectiveness on all programs 

and proposals 

• Present• a more salable approach to the formulation and developnent 

of engineering and logistic decisions 

• Permits handling of vast amounts of data, variables, and iterationa. 

• Eliminates or reduces the risk of h\Dan error in calculations 

Tne development of computer programs should be considered by both the contrac­

tor and procuring agency to aid in the conduct of trade-offs. The data used 

in trade-offs during equipment concept, definition, or developaent may be 

constantly changing parameters. The effect a change in one variable has on 

total system cost or the perfomance characteristics may be negligible, or it 

may be quite significant. In the case of a reliability (failure rate) chang~, 
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SECT 9A - DETAILED TASK DESCRIPTION 

the impact has a mushrooming effect. The performance parameters such as 
availability and mean corrective time, and the life cycle cost parameters 
(due to impact on support features such as spares quantities, personnel re­
quirements, or maintenance labor) are all affected by a reliability change. 

4. MJDEL DESCRIPTION 

The model addressed in this notebook is a computational model. The model pro­
vides the identification of all cost factors and the formulas required to 
calculate the total cost (acquisition, operation, and support) of a system. 
The model addressed is the Discard-at-Failur~ Maintenance (DAFM) mathematical 
model (reference RAOC-TR-68-187 (AD 842 399)). 

The Discard-at-Failure Maintenance (DA..~) Mathematical Model is sufficiently 
canprehensive and applicable for treatment of design alternatives incorporating 
microelectronic devices. nalient parameters and relationships relevant to con­
sideration of microelectronic devices are adequately defined and developed. 
The model is flexible enough to accorrmodate most conceivable maintenance and 
logistics concepts which may accompany the introducticn and widespread appli­
cation of microelectronic technology; e.g., discard-at-failure maintenance and 
lifetime logistics self-sufficiency. 

Microelectronic devices, while capable of supplanting thousands of generally 
recognized piece parts (resistors, transistors, etc.), are themselves piece 
parts. The piece part quality of microelectronic devices is inherent due to 
the nature of their canposition and construction which relegates them to the 
category of nonrepairables. Therefore, in app ications of the model, micro­
electronic devices may generally be treated as discardable lowest replaceable 
elements (i.e., piece parts), and the module or higher modular assembly that 
contains more than one of these devices may be categorized as either repair­
able or discardable. The DAFM model presents a straightforward canputation of 
the cost factors. 



ClfAP 9 - MJIINTAINABILITY MODEL 
SECT 9A - tETAILED TASK DESCRIPTIOO m 9Al 

Section 98 presents guidelines and methodology of the model as a lead into the actual applications rrocedure1. S ction 9D presents an example of model application. 
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CHAP 9 - MAINTAINABILITY MODEL 

SECTION 9B 

GUIOELrnES AND METHODOL(X;Y 

SECT 9B 

This section contains guidelines and methodology for use of a model for deter­

mining maintenance alternatives and cost factors. 
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CHAP 9 - MAINTAINABILITY MODEL SECT 9B1 

SECT 98 - GUI CELINES AND METHOOOL(X;i' 

DESIGN NOTE 981 MAINTENANCE ALTERNATIVE IIENTIFICATION ------
1. GENERAL 

In the design of modern systems and major equip:nent programs, adequate atten­

tion must be given to optimize tt,e level of repair. The level of repair iden­

tifies not only the repair locati on, but the extent of maintenance permitted 

and the resources necessary to support the repair pr0cess. Repair in this 

sense ncludes the identification of items to be supported under a discard­

at- fa ilure ma i ntenance po licy. Optimum maintenance is achieved over a sys­

tem's t otal life cycle if the repair-level alternatives selected minimize 

total support cost for a specified level of system effectiv~ne ss, as compared 

with other pos~ible maintenance concepts, procedures, or d~sign alternatives. 

In this context, system erfect iveness includes availabili t y, dependability, 

maintainability, and capability. 

In the past, design conci derations relating to maintenance and repair-level 

policy have frequently been resolved by ~ssming that the best design permits 

and facilitates a maxim\.lll degree of organizat ional- and intermediate-level 

maintenance. Recent experience has demonstrated that planning for cost­

effective support, with f ull consideration of operational alternatives of the 

equipment merits a greater degree of attention in making repair-level deci­

sions. For ex,1mple, failure to properly consider the impact of support P.quip­

ment requirements as a ~onstraint on equip:nent mobility can result in reduced 

effectiveness during rapid deployment of tactical units. It is also evident, 

however, that such decisions must be 1Mde as an integral part of system design. 

The investments made during the develop:nent and production phases preclude or 

seriously inhibit subsequent reversal of repair-level decisions during the 

operational phase. Design features incorporated t o achieve optimum logistics 

support can be n,ade at minimal cost to preliminary drawings and specifications 

rather than more costly char.ges to prototype and production hardware. The 

potential for greatly ir:tpro •ed reliability, particularly in electronic sy~tems, 
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provides tht~ opportunity for both inrlustry ,11l<t tht• pr1wur l 11q .,qc•ru: lt•H t .11 ,1d11f'I 

an enlightened viewpoint toward designing certa i n component s for d i sc,ird at 
failure (throwaway). 

2. PRJGRAM PHASE APPLICATION 

During the conceptual phase and validation phase of procurement, various 
de s ign and support alternatives must be pos tulated and evaluated. The selecte 
alternative establishes t.~e baseline for eventual hardware fabrication and for 
operation and support policies. The DAFM model is one technique that may be 

used in the process of selection of the proper maintenance al~ernat ive in 
terms of optimm system life-time costs. The model may be applied as a re­
pair level analysis to perform trade-off studies during the conceptual, vali­

dation, and full-scale developnent phases as part of the system engineering 
process. Additionally, the technique may be applied for the analysis and 
evaluation of existing equipnent in operati~n for the purpose of potential 
support per formance improvement and/or cost reduction. 

3. MAINTENANCE ALTERNATIVES 

Formulating the maintenance concept and making the discard or repair decision 

are highly dependent activities that should be accomplished in parallel as 
the system evolves. The maintainability engineer must examine each feasible 
maintenance alternative, and combination of alternatives, from the aspect of 

both cost and operational requirements. SN 3(1) presents all of the mainte­
nance alternatives that the maintainability engineer must consider. The 
circled nwabera on SH 3(1) facilitate the identification of any particu-

lar a lternative. For example, @ - @ @ - @ repreaent re-,ving and 

replacing an ••••ably, aending the assembly to internediate level maintenance 
(IM), repai ring it by part replaceaent, and then returning the assembly to the 
supply ayatea. The r ~placed part ia diacarded. 
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It is apparent that many alternatives ar~ available for consideration. Fortu­

nately, most of them can be eliminated by system characteristics and operational 

requirements. For exalll)le, a maintenance concept beginning with altLmati ,e (D 
would not be practical for a physically large, complex system, becaur e the equip­

ments in that system may be too large to be removed and replaced. Or the other 

hand, it may be quite fea!ai1Jle to use a maintenance concept such as cescribed 

in @ for simpJe low-cost systems. The maintenance conceipt for the 

Multiplexer Set is defined by the maintenance concepts 

0-0-@. 
0-®- (B} and 

The proper procedure for selecting the maintenance alternative is as follows~ 

a. Select feasible maintenance alternatives. Eliminate all alternatives 

that are not practical. (In eliminating impractical alternatives, t1e main­

tainability engineer mu.st be careful not to exclude, on the basis of intuition 

alone, those alternatives which might be practical.) Constraints that may 

render alternatives impractical include, but are not limited to the following: 

• Deployment concept 

• Utilization 

• Type of equipnent 

• Maintenance time or resource constraints 

•Projector procuring agency dictates 

• Operational and performance requirements 

b. Determine the cost of the remaining alternatives in accordance with the 

instructions in this section. 

c. Determine the. sensitivity of the total costs to changes in the cost factors. 

d. Evaluate how total cost will be affected by significant changes in cost 

factors that have the predaainant influence on the total cost. 

e. Select +-.he lowest cx,st alternative. 
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LE!:iIGN NO'ru <JB2 1-1::l'Al R POLICY CllS 'l' l•'l\<•l'\lR! ; ----------------------------
1. GENERAL 

After selecting the candidate maintenance alternatives (those which both sat­
isfy the operational requirements and are reasonable), the maintainability 
engineer must determine cost differences among all the alternatives. SN 1(1) 
is a diagram of the cost factors that are to be considered. The total cost 
(T) of a system, equipnent, etc., at all locatioos c.....r. be expressed by T •A+ s, 
where A= the cost of acquisition and S = the total system, cquipnent (etc.) 
lifeti:ne operation and support cost. 

2. COST FACTOR EU:MENTS 

The elements considered in making acquisition cost (A) should include all 
charges to the government that may result from the research, design, develop-. 
ment, fabrication, and installation and checkout of the equipnerat. Particular 
attention should be paid to charges that result in significant cost differences 
between otherwise similar alternatives. These may include the following: 

• Built-in isolation features 

• Special test equipment 

• Special tools 

• Maintenance manuals. 

The elements considered in making operation and support cost (S) should in­
clude all charges to the government expended to muintain the equipnent in 
operational and readiness status upon installation for the service l ife ~f 
the equipment. 

SN 1(1) shows the basic model and model elements to be evaluated. Ordinarily 
each element would be evaluated, separated, and then acci.nulated to obtain the 
total cost. The DAFM model appro~ch, however, somewhat alleviates this labor­
ious task by using a "difference in cost" concept. Under this concept, only 
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those elements which would give cost differences between alternatives would be 
evaluated. Element costs which would not significantly vary between alterna­
tives need not be evaluated. Thus, the model deals only °with total cost dif­
ferences between alternatives and not the total cost of each alterna i ve. Of 
course, in exercising the model, only cost alternatives that do not compromise 
performance, physical, and policy constraints should be considered. 

Let the difference in total cost (4T
211

) be represented by: 

where 

T1 = total cost (acquisition, operation, and support) of the first 
alternative, excluding the elements of cost common to the 
second alternative and equal in magnitude. 

T
2 

= total cost (acquisition, operation, and support) of the 
second alternative, excluding elements of cost common to 
the first alternative and equal in magnitude. 

If the quantity 4T
211 

is negative, it means that the second alternative is 
less costly. If positive, then the first alternative is less costly. Once 
two alternatives have been compared, the one yielding the highest cost is 
dropped from further consideration. Successive alternatives are devised and 
matched against the current least cost alternative. The process continues 
until a satis~actory level of refinement is reached. 
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CESIGN NOTE 983 
GENERAL CONSIDERATIONS OF THE K:>DEL 

1. GENERAL 

The DAFM model considers maintenance support alternatives, discard at fail ure or repair for various levels of aaintenance org~nization, and identifiable hardware levels of an end item. 

The levels of maintenance organization are organization, field, depot, fac­tory, and precision measurement equipaent laboratory (PMEL) . The hardware levels of end item break~ are system, subsystem, equipment, assembly, module, and part. 

2 • MAINTENANCE SUPPORT ALTE-ATIVES 

SN 2(1) delineates possible maintenance support alternatives fo~ the different assembly levels at each maintenance level. 
The OAFM model considers the cost for acquisition (A) and operation and sup­port (S) i or an end item based on selected maintenance support alternatives. The acquisition cost consi sts of cost factors attributed to: 

• Research, design, and developnent 
• Fabrication 
• Installation 
• Manuals 

• Test equipment 
• Tools and fixtures 
• Line item documentation 
• Facilities 
• Initial spares, including pipeline 
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The operat i on and support cost cons ists of cost factors at the various levels 

of maintenan~~ organization attributed to: 

• Personnel 

• Consumables 

• Spares 

• Transportation 

• Line item 

3. GUIDELINES FOR MODEL APPLICATION 

Several general guidelines are appli~able to the use of the model. These 

guidelines are as follows: 

a. Data Source 

Accurate prediction of the lifetime costs associated with a military system 

requires data from its future user, its designer, and its future manufacturer. 

The costs of design, development, and manufacture will be estimated, normally 

almost entirely from data which the manufacturer has concerning his own opera­

tion, using procedures that he uses in estimating bids. The costs of opera­

tions and maintenance require data from two sources: the manufacturer, pro­

viding estimates of failure and repair rates, skills, and test equipment re­

quired, cost of spares, and such; and the customer providing costs of human 

resources, facilities handling, etc. SN 3(1) contains a list of model 

parameters, values for which should be furnished by the c~stomer. Items 

not on this list are the responsibility of the contractor. 

b. Tools and Fixtures 

The cost of general test equipment, tools, and fixtures at factory and PMEL may 

normally be neglected as they will generally be shared with other systems and 

their cost usually included in ◄ he service facilities cha.rge rate. Depot tools 

and fixtures are, in most cases, unique for the item to be supported. 
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SUB-NO're 3(1) (Shee t l of 3 sheets) Cus tomer Pa ram<.'te r l{Csponsibil ilic :; I 
Operation Parameters: 

L • Expected life of equipment ____ _ 
E • Number of equipments scheduled for operation -----r = Fraction of time equipment will operate per hour 
F = Number of f i eld shops s -----
Operation readiness goal ____ _ 
Reliability goal (to equipnent level , if appli cable) 
Mean-time-to-restore goal -----

-----

Downtime permissible per unit time (to equipment, if applicable, 
preventive, corrective) ____ _ 

Self-Sufficiency Restrictions: 
Autonomous Operation Period 

Maximum personnel assignable, per location (if applicable) 
and permissible skills 
Mi nimum personnel assignable, per location, and permissible 
skills -----

Mobility Requirements: 
Weight ____ _ 

Power -----
Volume -----
Facilities, space restriction ____ _ 

Cost Constants: 

I= Line item entrance, DOD cos t -----M • Line item maintenance, cost per year -----0 = Documentation per repair (debit and credit) 
R • Cost f maintaining stock items (MRS) per year -----
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~alU- NlYl'I·: I (I) (Sl1t•ct :.! of 3 sheets) t'uslom1.•1· l'.u·,unl•l.cr ltl! s po11sihi Ii L i1. i :. 

Facilities and Utilities: 

Floor space per square foot -----
Air condit i oning ___ _ 

White room 

B = constant representing the average number of parts replaced 
per failure 

cd = depot level direct and indirect costs as incurred 

Personne l costs by classification per year 

CMSgt - E-9 

MSgt - E-7 

SSgt - E-5 

A2C - E-3 

Airman Basic - E-1 

+ ____ per month of training (special and basic) 

Transportation cost per shipnent: 

Commercial - as incurred -----
Military - as incurred -----

Manning Utilization (if appl i cable): 

For analysis of maintenance manning requirements, the following information 
rertaining to existing systems which are to be collocated with the new system, 
must be provided by the Air Force user organization: 

a. By skill, manhours of maintenance per clock hour required by 
other equipments or systems to be used at the same sites as the 
equipments under study. 

b. Test equipment required for maintenance of other equipment at the 
same site. 
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SUB-NOTE 3(1) (Sheet 3 of 3 sheets) customer Parameter Responsibilities I 
c. Tasks and utilization of equipment operators (and other personnel 

on-site). 

Personnel by skill level 

Airman Basic - E-1 

A2C 

SSgt 

MSgt 

CMSgt 

- E-3 

- E-5 

- E-7 

- E-9 

-----
-----
-----
-----

d. Preventive maintenance scheduled by location: 
Periodicity -----
Duration -----
Team personnel requirements 

The cost of facilities includes such items as land, buildings, power generators, 
vehicles, etc., when chargeable. Ordinarily, these costs will cancel between 
alternatives. When facilities are obtained on a lease or rental basis, the 
total rental costs for the considered life should be determined and treated as 
acquisition costs. Facility costs may be handled similar to test equipment) 
i.e., organization, field, and depot. 
c. Cost of Personnel 

Cosi.:. of pers nnel (c ) hould represent the total bw:dened cost of the person m 
to the government. This value should be the aggrega~e of such expenses aJ 
base pay, cost of rations, quarters allowance, clothing allowance, special and 
incentive pay, training costs, and miscellaneous expenses. Costs such as 
training costs should be prorated over the period of time a person would be 
expected to be associated with the system or the period of time which will 
pass before he requires retraining. 
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d. Training Cost 

Training costs vary significantly between skill fields which arc dependent on 

hardware design. The training costs incurred, which include basic and 

specialized, are charged based on the number of replacement personnel required 

by ·~he system Wlder consideration. Training of personnel already trained 

represent funds already spent and should not be charged against a potential 

system. Training costs should be based on standard military basic pay and 

allowance rate by skill level. Training cost estimates may be obtained from 

M'M 173-!.0. 

e. Manpower Requirements 

The number of men required (G .. ) is estimated from consideration of the opera-
1. J 

tions and maintenance tasks. Detailed manpower analyse~ are not generally re-

quired unless it is anticipated that significant manning cost differences will 

exist between alternatives. Similarly, administrative cost (F) differences 

between alternatives will generally be negligible WllesR extreme differences 

in manning levels are expected. 

f. Consumables 

Normally, the cost of consumables (C
0

f) is negligible, or will cancel when dif­

ferential costs are considered. 

Generally, the depot consumable costs will be insignificant or cancel when cost 

differences are taken. In fact, ~ mc3t cases, the cost of consumables attri­

but:ilile to the considered system will be indistinguishable if the depot pro­

vides services to many other systems. These costs may be reflected in the in­

direct man-hour charges for repair and logistics costs. 
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9. Spares 

The cost of base stock level or initial spares (C) and the cost of pipeline • spares (C) must be considered an element of acquisition (A) cost. p 

h. Transportation 

Transportation costs from organization to field are usually negligible. The 
cost of transportation to depot , factory, and PMEL is considered in those 
sections which deal with the particular receiving maintenance echelons. 

i. Factory Cost 

Repair at factory is not predominant; however, special conditions may make it 
appropriate in some instances. Most instances are accounted for by one of 
the following: 

(1) Rare skills and/or expensive special test equipment is required 
to perform maintenance; e.g., gyroscopes and some oth~r sealed 
assent>lies 

(2) Demands for maintenance exceed capaci ty at depot (as limited, for 
example, by employrnent budget) and factory charges are not far in 
excess of depot costs. 

(3) Interim factory repair may be planned ducing early deployment 
prior to activation of depoto especially if phased deployment 
and factory assembly line are still operating. 

Requirements for self-sufficiency of the military g,enerally preclude con­
sideration of factory as a life cycle repair echelon for operational equip­
ment. Furthermore, where factory repair may be considered, such considera­
tions will generally be inherent in all alternatives and will therefore 
cancel. When this is not the case, estimates from the probable ontractor 
should provide adequate cost figures for comparison. 

j. PMEL Cost 

Precision Measurement Equipment Laboratory (PMEL) costs (C) are incurred as p 
a result of repairs, alignment, calibration, or adjustments made to operating 
and test equipment calling for secondary measurement standards. Ordinarily, 
these costs will be insignificant or be comnon to all alternatives. 
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DESIGN NOTE 9B4 

DETAILED COST FORMULAS 1. UST f'ORMULAS 

Following i s a list of the formulas used in the DAFM model: 
T • A+ S 

~ i - Ai TT . Ni V 
l. 

s - co+ cf+ Cd+ Cy+ cp 

(1) 

(2) 

(3) 
C • C +Cf+ C 

(3.1) 
o om o os 

can • I [I vK (H Gijxij + ➔] + [v- cm ( J NE A~ "E )] I L 

X. • p . + pt . 
l.j ■ l. l. 

C • of (cofu + cofm + coft) V•L/8766 

C • C + C + C osh OS osp osm 

C - V • LIN . A. C . osp i 1. 1 1 

(1-zi) wi] I c • V•Ll(IN . A. c. z.) + [IN. A. c . osm i l. 1. l. l. i l. l. l. 

C - V. L tN . A . C . z . osh i 1 1. 1. 1. 

cf a cfm + cff + cfs 
(3.2) 

c fm • L•V•c• ( ~EAE/ "E) 
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C • fs 

cd • cdnl + c~f +eds+ cdt 

V• L/8766 

cdm • L-V (J Nn An/"". + l NhAh/ "h) cd 

cdf - (Cdfm + cdft + cdfu + cdfb) L 

Cd - V • LI N . A . C • 
sp i ._ i i 

cdsm • v.Ll(f Ni Aiciz9 + (;,i Aici b) wi11 

cdsh • v.L iN .A.c.z . 
1,l.l.l.l. 

cdt • L•V (Ji.NnAn + f,NhAh) cdt 

Cdl • tRI. L•R/8766)+ NRO 

NR • L•V ,~ Nn An + l Nh Ah) 

C • C + C + C y ym yp yt 

cym • L-v(J NnAn/ "n + I NhAh/ µh) cy 
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(.' = L•V YN A ;:;- N YP ~ ~ z z z 

C z yt L•v(; NnAn •! NhAh) 

C • C + C + C P pm pp pt 

cpm a L•V(!•nAn/"n ·~ NhAh/"h)cp 

C - L•VI N A ~ N PP z z z z z 

cpt a L•V (! "n An + t Nh Ah) cpt 
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2. COST FORMULA TERM DEFINITIONS 

The definitions of the terms used in the fozaula• delineated 1.n thia design 
note and presented in their order of appearance in the cost formulas are a8 

follows: 

NOTE: The following symbols are connon to nJ11erous formulas and are ~efined 
below one time only: 

V NUlllber of sites 

L Anticipated life of the subject equipment (hr) 

Ai Failure or usage rate of applicable part, module, or 
higher assembly i (failures/hr) 

N. Total number of part, module, or higher assembly i l 

in the subject equipment per site (items) 

c. Cost of part, module, or higher assembly i 
l 

z . 
l. 

l if module or higher assembly i is discarded at 
failure 

0 j_f module or higher assembly i is repaired at 

failure 

All costs are expressed in dollars. Unit time measurements are specified in 
definitions. 

T Total cost of system, equipment, etc., Equation (1,2) 

across all sites 

A Cost of acquisition 

CD Cost of research, design, and 

development 

CF Cost of fabrication 

CI Cost of. install · tion 

CM Cost of manuals 

CT Cost of test equipment 
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CT 
0 

C 
Tf 

ex 

ex 
0 

ex 
f 

C 
Xd 

CL 

Ce 

cs 

cs 
0 

cs 
f 

cs 
d 

cP 

1,1. 
l 

K 

Cost of teat equipment at organi­

zation 

Cost of teat equipment at field 

Cost of tools and fixtures 

Cost of tools and fixtures at organi­

zation 

Cost of tools and fixtures at field 

Coat of tool and fixtures at depot 

Cost of line item doclaentation 

Cost of facilities 

Cost of base stock level or initial spares 

Cost of base stock level or initial 

spares at organization 

Cost of base stock level or initial 

spares at field 

Coat of base stock level or initial 
spares at depot 

Cost of pipeline spares 

Average n\.lllber of failures of 

module or higher assembly i 

during turnaround time 

Constant value determines probabil­

ity item i will be available when 

needed 

Value of K 

0.67 

l.65 

2.33 

392 
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These values are obtained from the table of cumulative normal distribution 

in Appendix C of this notebook. 

s 

C 
0 

C 
om 

Turnaround time of module or higher 

assembly i (hrs) 

Total system, equipment, etc., life­

time operation and support cost 

Cost at organization 

Cost of personnel at organization 

Number of sites with operation 

and maintenance group of size 

I t G . . 
j l. l.J 

G . . Number of personnel with skill 
l.) 

i in an operation and maintenance 

unit j 

Xij Average manpower expense, per unit 

time, incurred by the government 

F 

as a result of manning with skill i 

in an operation and maintenance 

unit j ($/hr) 

per unit time ($/aan hr) 

Pti Training co■ ~ per unit tim 

($/man hr) 

The administrative and service 

costs, per unit time, normal to 

operation and maintenance group 

of ize I ; Gij ($/hr) 
j l. 

393 

F.quatio- (1, 3) 

(3.1) 



CHAP 9 - MAIN"'AINABILITY K>DEL 
SECT 98 - GUI DELINES MD METHODOLOGY 

C 
OS 

C • Coet o f labor, per unit tiM, of 
■aintenance per■onnel -

direct and indirect ( $/aan-hr) 

Number of items of equipment 

E per ■i te requiring ■upport 
(it ... ) 

Failure rate of equipment E 

( failures/hr) 

Mean repair service rate for 
equipment E (nUllber of 

equipaent/man-hr) 

Cost of con■\alables at organi­
zation 

C Cost of utilities per unit ofu 
tille ($/yr) 

C
0 fm Cost of materials for main­

tenance of facilities per 
unit time ($/yr) 

Coft Coet of materials for main­
tenance of test equipment 
per unit time ($/yr) 

8766 

C osp 

C 
osm 

w. 
l 

Number of hours per year 
Cost of spares at organization 

Cost of spare parts at 
organization 

Coet of spare modules at 
organization 

Condemnation rate of 

module i (percent) 
C osh Cost of spare higher assemL l i~ s 

at organization 
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cfs 

Cd 

C 
m 

Cost at fi e ld 

Cost of pe rsonnel at field 

See equation (3.1) 

Cost of f ield consumables 

Cost of utilities per unit 

time ( $/hr) 

Cffm Cost of materials per unit 

time, for facilities main­

tenance ( $/hr) 

Cfft Cost of materials, per unit 

time, for test equipment 

maintenance at field ($/hr) 

8766 

C fsp 

C fsm 

w. 
1 

cfsh 

See equatl on (3.1) 

Cost of spa~es at field 

Cost of spare parts at field 

Cost of spare modules at field 

See equation (3.1) 

Cost of spare higher assemblies 

Cost at depot 

cam Cost of personnel at depot 

Number of type n modules con­

tained in the subject equip­

ment per site, to be repaired 

at depot (types) 

N 
n 
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Failure rate of typ~ n module 

(failures/hr) 

Mean repai r service rate for type 

n modules at depot (Wlits/hr) 

Number of type h higher assem­

blies contained in the subject 

equipment per site, to be re­

paired at depot (types) 

Failure rate of type h higher 

assembly (failures/hr) 

Mean repair service rate for type 

h higher assemblies at depot 

(units/hr) 

Cost of depot labor - direct and 

indirect 

Cost of consumables at depot 

Appropriate share of the cost of 

materials for maintenance of 

facilities at depot per unit time 

($/yr) 

Cdft Appropriate share of the cost of 

materials, per unit time, for 

maintenance of test equipment at 

depot ($/yr) 

Cdfu Appropriate share of the cost of 

utilities, per unit time, at 

depot ($/yr) 

Cdfb Appropriate share of cost of 

huildings, per Wli t time, at 

depot ($/yr) 
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C 
dsp 

C 
dsm 

N 
n 

R 

w. 
1 

Cost of spares at depot 

Cost of spare parts at depot 

Cost of spare modules at 
depot 

See equation (3.1) 

Cost of spare higher ass~mblies 
at depot 

Cost of transportation from or­
ganization/field to the depot 

See Cdm in equation (3.3) 

Mean transportation cost be­

tween organization/field and 
depot ($/item) 

Line item cost at depot ($) 

Number of different types of 

modules and higher assemblies 
repaired by depot (typesJ 

Cost, per Wlit time, of main­

taining a stock item in the 

Master Repair System (MRS) 
($/yr) 

8766 Nunber of hours per year 
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N 
n 

D 

C y 

C 
ym 

N 
n 

Number of r.1aintcnanc1' ac tions 

at depot during equipment 

(acti ons) 

See Cdm in equation (3.3) 

Debit aitd credit costs associ­

ated with i nventory, account­

ability, and storage for ite1ns 

repaired at the depot ($/item) 

Cost of factory 

Cost of personnel at factory 

Number of type n modules con­

tained in the subject equip­

ment per site, to be repaired 

at factory (modules) 

Failure rate of type n module 

(failures/hr) 

Mean repair service rate for 

type n modules at factory 

(modules/hr) 

Number of type h higher assem­

blies contai:\ed in the subject 

equipment per site, to be re­

paired at factory (assemblies) 

398 
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C 

,\h Failure rate of type h higher 

assembly (failures/hr) 

yp 

Mean repair service rate for 

type h higher assembly at 

factory (assemblies/}-r) 

c Labor cost at factory -
y 

N z 

direct and indirect ($/hr) 

Cost of items replaced at factory 

Number of type z items con­

tained in the subject equip­

ment per site, to be replaced 

at factory (items) 

Az Failure rate of type z item 

(failures/hr) 

c Average cost of replacement parts z 
for type z item failure ($/item) 

N Average nwd)er of parts replaced 
z 

for oe z item failure 

Cost of transportation at factory 

See C in equation (3.4) 
ym 

cyt Mean transportation cost between 

organization/fir~),] anri fa c: t.r)r'/ 

($/itr.;M} 
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C 
p 

C 
pm 

C 
PP 

C 

N 

N 

p 

z 

n 

Cost at Precision Mcasun•ment 
Equipment Laboratory (l'MEL) 

Cost of personnel at PMEL 

Number of type n modules 
contained in the subject 
equipment per site, to be 
repaired at PMEL (modules) 
Failure rate of type n 
modules (failures/hr) 
Mean repair seivice rate 
for type n module 
(modules/hr) 

Number of type h higher 
assemblies contained in the 
subject equipment per site, 
to be repaired to PMEL 
(assemblies) 

Failure rate of type h higher 
assemblies (failures/hr) 
Mean repair service rate for 
type h higher assembly 
(assemblies/hr) 

PMEL labor cost - direct 
and indirect ($/hr) 

Cost of replacement items at 
PMEL 

Number of type z items con­
tained in the subject equip­
ment per site, to be replaced 
at PMEL (items) 

ON 9B4 
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C 
z 

N z 

N 
n 

Failure rate of type z item 

(failures/hr) 

Average cost of replacement parts 

for type z item failure ($/item) 

A·,erage nurci)er of parts replaced 

for type z item failure 

Cost of transportation at PMEL 

See c in equation (3.5) 
pen 

r. ft Mean transportation cost from 

organization/field to PMEL 

($/item) 
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PROCEDUHE 

SECT 9C 

This set:tion t:ontains p rocedures for applying .:i DA.FM model and s election of alternative equipment design. 
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SECTION 9C 
PROCEDURE 

L£SI~ NOTE 9Cl - OVERALL APPLICATION 
1. GENERAL 

2. SEQUENCE FOR EVALUATION OF ALTERNATIVE EQUIPMENT DESI~ 
2(1) General Sequence for Evaluation of Alternative Equipment Designs 
2(2) Maintenance/Logistics Policy Alternatives 
2(3) Cost Decision Elements SU11111ary Matrix 

IF.SI~ NOTE 9C2 - DETAILED PROCEDURE 
1. INTRODUCTION 
2. 

2.1 

2.1(1) 

2.2 

2.2(1) 

2.3 

2.4 

2.4(1) 

2.4(2) 

2. 4 ( 3) 

2.5 

2.6 

2.6(1) 

2.7 

2. 7 (1) 

2.8 

2.9 

2. 9 ( 1) 

DETAIIED STEP PROCEDURES 
Input Specif.cation (Step 1) 
Systems Related Constants 
Input Data (Step 2) 

Model constants By Configuration 
Simplification of Parameters (Step 3) 
Operation and Support Cost Calculations (Step 4) 
Repair/Discard Logistics Cost 
Cost of Transportation 
Personnel and Line Item Costs for Repair Actions at Site/Depot/ 
Factory /PMEL 

Detennine overall Minimum Logistics Cost (Step 5) 
Determine Organization and Field PersoMel Costa (Step 6) 
Cost of Personnel - Tabular Evaluation Fom 
Determine Repair Facility PersoMel Costs at Site (Step 7) 
Site Manning for Repair Services 
Determine Acquisition Costs (Step 8) 
Detemine Total Cost of Configuration (Step 9) 
Cost Decision Elements 
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l. G:NERAL 

OVERALL APPLICATION 

The DAFM mode l is appli cable for design of new equipment, modification of 
e xis ting equipment, and de termining optimum ma in tenan ce and logiztics pos ture 
("whe re t o" and "how to" perform maintenance) fu r e xisting e l ectronic equip­
ment. The mode l can be used dur i ng any phase of a system from contract defini­
tion phase th rough operational phase. The model may be used by equipment 
designers , maintenance and logistic personnel, etc., and i s applicable to 
most Air Force systems ut ilizing electronic equipment. 

Due to the comprehensiveness of the model, the evaluation process may become 
time l.."Onsuming and unwieldy. HO\llever, the evaluation process can be simpli­
fied in the following manner: 

• Reduce the number of types of items to be considered. Proper 
grouping of items will frequently allow simultaneous treatment 
of a number of items by averaging similar characteristics. This 
procedure can result in significant savings in the number of can­
putations. Items should ht: grouped in terms of similar costs and 
failure rates within each gross level grouping of assembly levels -
higher assembly, module, etc. Some cost elements can be eliminated 
by examining the alternative design configuration and the system in 
which the equipment design is to be utilized. 

• Eliminate cost elements which are insensitive to the alternatives 
under consideration. The design alternatives may not significantly 
alter the costs of consumables, manuals cost, etc.; therefore, such 
cost elements can be eliminated. 
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system and its performance requirements may identify w1feas iulc 

alternatives. For instance, t he on-line part repair of a higher 

assembly may be unfeasible because of mean restore time requirements. 

The system under consideration may prohibit the utilization of fac­

tory level maintenance because of base self-sufficiency requirements; 

therefore, factory support alternatives can be eliminated. 

~. SEQUENCE FOR EVALUATION OF ALTERNATIVE EQUIPMENT DESIGN 

SN 2(1) delineates the general sequence for evaluation of alternative equip­

ment decisions. With reference to SN 2(1), the general steps associ · ted with 

this sequence are outlined in blocks l through 7 and are as follows: 

Block 1.0 - Define Module Design Alternatives 

The basic procedure is initiated with the developnent of several alternative 

design alternatives. Data elements used in this process include per formance 

requirements, design constraints, and system parameters. 

Block 2.0 - Define overall System 

The data elements used in this process include: 

• Equipment life 

• Nunt>er of sites 

• Number of equipments/site 

• Operational constraints: operational life, operational unreadiness, 

mean time to repair, mean time between failure, and distance between 

facilities. 
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CHAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PROCE. ~'JRE 

Block 3.0 - Determine Input Values for Alternates 

Specific input data for each alternate is required and relates to 

• Number of each type of item 

• Failure rate of each type 

• Cost of each item type 

• Predicted repair rate 

Block 4.0 - Simplify Model 

DN 9Cl 

'lbe simplification of the model to reduce the overall effort related to calcu­
lations, data requirements, and time is performed by the following substeps: 

Block 4.1 - Determine Logic Grouping 

In order to simplify the DAFM mathematical model for manual computation, sys­

tem components (i.e., piece parts, modules, higher assembles), are broken 

down into subgroups which reflect certain identifiable characteristics, the 
differences of which are insignificant wi th respect to the DAFM model decision 
proi:=ess. In the case of equipnents which are made up of subassemblie s of sim­
ilar components (e.g., blocks of power circuitry, logic, or analog c i r cuitry), 
the natural grouping is readily apparent. Where higher assemblies are made 

up of nonhomogeneous elements, the breakdown must be by character ' stics related 

to the highest identifiable module: the components of which are homogeneous in 
character and significant with respect to the DAFM model. 

Gross level groupings should be by the following order: 

• Assembly level - module, higher assembly, etc. 

• Significant differences in repairability due to canplexity and 

package design; i.e. , planar, voll.DE!tric, sealed, etc. 

• Grouping by special maintenance skill and test equipment requirements; 

i.e., RF, analog, digital logic, fluidii, etc. 
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Bl~lCk 4.1.1 - Determine Weighted Input V lucs 

Subgroupings should then be developed in terllls of item acquisition cost, 

DN 9Cl 

failure rate, cost failure rate, or other appropriate criteria; in other words, 
a tree-type breakdown should be applied. For example, one breakdown might be 

by function (digital, analog, etc.), failure rate, repair time, and cost, i n 
that order. 

Fe r each new grouping, the input.. values specified in block 3. 0 must be modified 
to reflect the changes made. 

Block 4.2 - Determine No-Cost Difference Elements 

'Ille elimination of insensitive cost elements is a fWlction of the DAFM model 
application. Since it is difficult to prescribe step-by-step procedures to 
perform this process, exaq>les are given to illustrate how this step may be 
achieved. 

Consider a."'\ application in which the design confi~•uration (higher nodular 
assemblies, modules, etc.) is already specified, and the contractor would like 
to determine the optimum maintenance and logistics support posture. Since the 
design is fixed, there will be no cost differences in the following cost ele­
ments: 

• All design costs except test equipment costs 

• PMEL costs - PMEL requirements will not change 

• Cost of consumables will remain constant 

Block 4.3 - Determine unfeasible Maintenan c ~/Logistics (WL) Support Alternatives 
Step-by-step procedures are difficult to prescribe to perform this process. An 
example of application is as follows: consider an extremely short requirement 
for mean time to restore and a requirement for base self-sufficiency. The 
short mean time to restore will probably make the maintenance action of on-
line 1-,,rt repai".' of higher mod1.de assemblies unfeasible. The base self­
sufficidncy requirement will probably eliminate factory and depot level main­
tenance . 
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Block 5.0 - Determine Alternate Cost Differences 

DN 9Cl 

The model is based on net differences in total cost between alternatives. The 
total cost includes acquisition and the lifetime operation and support costs. 
The "difference in cost" concept permits evaluation of those elements thc.t re­
sult in cost delta betweP.n alternatives. 

The procedure must be iterated for each alternative design configuration identi­
fied in block 1.0 and each of the feasible M/L postures identified in block 4.3. 
The determination of cost differ nce s is performed in the following substeps: 
Block 5.1 - Calculate Acquisition (A) Costs 
The elements to be considered in making acquisitior. cost (A) estimates should 
include all charges to the government which may arise from the research, design, 
development, fabrication, and installation and checkout of the equipment. Par­
ticular attention should be paid to items which result in significant cost dif­
ferences between otherwise similar alternatives. 

Among these may be: 

• Built-in fault isolation features 
• Special test equipment 
• Special tools 

• Maintenance manuals 

Cost of acquisition (A) may be expressed by: 
A= CD+ CF+ CI+ CM+ CT+ ex+ CL+ CB+ cs+ cp 

where 

c
0 

= c t of research, des~gn and development 

CF = cost of fabrication 

CI = cost of installation 

C .. 
M 

cost of manua:i.s 

C = T cost of test equipment 
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ex - cust uf tools and 

l' -' cos.: uf lin • item I. 

C = cost of facilities B 

cs = cost of base stock 

fixtures 

docwncn tat io11 

level or initial 

cP ... cost of pipeline spares 

spares 

Block 5.2 - Calculate Operation and Support (S) Costs 

ON 9Cl 

Operation and support costs (S) include all costs incurred by t.he government 
associated with operating and maintaining the system over its expected life. 
These costs may be represented by: 

s - co+ cf+ Cd+ Cy+ cp 

where 

c = cost at organization 0 

Cf = cos t a t field 

= cost at depot d 

C = y cost at factory 

C • cost at Precision Measurement Equipment p 

Block 6.0 - Summarize and Analyze Cost Data 

Laboratory (PMEL) 

To determine the least cost support posture for a given configuration, four 
major cost factors must be considered: acquisition costs, cost of consumables, 
organization and field personnel costs, and the costs associated with the 
maintenance/logistics (M/L) alternatives. Each of these factors may be con­
side red and treated as independent of one another. 

The selection of an optimal M/L alternative re4uires simultaneous consideration 
ot the influential cost eleme,1ts: spares, repair facility personnel costs, and 
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ON 9Cl 

transpor t ation costs. These cost clements must be ~valuated and 5Ummcd for 

each feas ible M/L alternative for a given item group and the l~as t ~ost M/L 

alternative selected. 

Yor each type of item (a given power supply, a group of similar printed circuit 

cards, etc.) contained within the subject equipment, a nwnber o f de cisions must 

be made governing the application of logisti cs and maintenance policies to that 

item. The logistics decisions include (1) if to spare and how many and (2) whe re 

to spare. The maintenance de cisions are (1) to repair or discard at fa i lure and 

(2) if repair, where to repair. 

In determining the optimum logistics and maintenance policies, the strong inte r­

dependence of logistics and maintenance decision effects precludes consideration 

of their independent treatment. 

SN 2(2) presents practical M/L alte rnatives and possible combinations thereof. 

Following selection of the least cost M/L alternative for all item groups com­

prising the subject configuration candidate and computation of organization 

and field personnel and consumables costs, the total cost of the subject con-

figuration may be determined by summing these factors plus the acquisition 

costs. 

SN 2(3) shows the cost decision elements summary matrix that may be used to 

compile factor costs for each design alternative. 

Block 7.0 - Select Optimum Configuration 

The optimum configuration in relation to design and M/L alternative is 

selected based on the optimum cost configuration. In addition to cost 

difference delineated in SN 2(3), the overall cost effectiveness of the 

alternatives must be evaluated. 

The evaluation considers cost and other sys t em effectiveness parameters , such 

as, performance, availability, dependability, reliability, etc. 
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I SUB-NOTE :! (2) M.1intenancc/Logistics Poli cy Alternatives 
I 

Logistics Policy 

Site spare item only 

I I Depot spare i t em only 

I 
I Site and depot spare item 
I 
I 

412 

Maintenance Policy 

Discard 

Repair at site 

Repair at depot 

Repair at factory 

Repair at PMEL 

Discard 

Repair at depot 

Repair at factory 

Repair at PMEL 

Discard 

Repair at depot 

Repair at factory 

Repair at PMEL 

00 9Cl 
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SUB-NOTE 2(3) Cost Decision Elements Summary Matrix 

Cost Element (C) 

Design 

Fabrication 

Installation 

Manuals 

"'est equipment . 
Organization 

Field 

Depot 

Tools and fixtures 

Organization 

Field 

Depot 

Line item documentation 

Organization 

Personnel 

Consumables 

Field 

Personnel 

Consumables 

Maintenance/logistics 

Total cost 

I 

I 
' I 
I 

I 
I 

' I 
i 

I 
I 

I 
I 

I 
I 
I 
I 

Subscript A ( ) 

D 

F 

I 

M 

T 
0 

Tf 

Td 

X 

X 
0 

xf 

Xd 

L 

0 

om 

of 

f 

fm 

ff 

z min 

s ( ) 

T( 

00 9Cl 

A ( ) 

I 
I 

I ! 

I 
I 
I 
I 

I 
I 

I i 
I I 

I ' I 

I 
S( ) s ( ) S( ) s ( ) 

) T ( ) T ( ) T ( ) T( ) 
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ON 9C2 

l)t-:'r/\.i um PH< )L'l•:IJlJHJ•; 

1. IN'l'l,OL>UC'l'ION 

Tile procedure presented herein consists of d •tailed step-by-step proccdurci;, 
instructions for completing the computational forms, and the l ogical sequence ~ 
for performing the computations to compare alternative design configurations. 
The roodel is constructed in such a manner that it can be either manually 
exercised with the aid of a desk calculator or may be computerized. In addi­
tion, the lowest level of formulas for which detailed data i s available is 
the point at which the application of procedure begins. This is facilitated 
by the "building block" approach to roodel development. 

The model may be used in the following manner: 
w Step-by-step procedures based on solution of all cost decision 

elements for each indi idual 1 v l of maintenance organization 
(organization, f i eld, depot, etc.) before proceeding to the next 
level of maintenance calculations. 

• Step-by-step procedures based on solution of each individual cost 
decision element (personnel, spares, consumables, transportation, 
etc.) for all levels of maintenance organization before proceeding 
to next cost decision element calculation. 

The procedure used is a matter of the user's preference. The step-by-step 
procedure presented herein is the level of maintenance approach. 

2. DETAILED STEP PROCEDURES 

2.1 Input Specification (Step 1) 
The specification of input data is required to initiate the evaluation pro­
cess and also in determining values of each cost element. Since all cost 
elements will probably not be required, for any particular application of the 
OAFM model procedures, input data is specified at the time required in the 
evaluati on scheme. In this manner, the requirement for generating superfluoui; 
input data will be minimized. 
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SN 2. l (1) lists the basic input data required to ini ti.:ite the evaluation 
procedure. 

SUB-NOTE 2.1(1) (Sheet l of 2 sheets) 
Systems Related Constants 

1. 

2. 

3. 

4. 

s. 

6. 

Number of subject operating equipments per site (i)----­
Anticipated equipment operational life (L) 
Operational unreadiness (Q) 

Mean time to repair (MTTR) 

Mean time between failure (MTBF) 

DISTANCES BETWEEN MAIN'reNANCE FACILITIES 

SITE (2) 

• 

SI're (K) 

DEPOT (L) 

FACTORY (1) 

FACTORY (2) 

FACTORY (M) 

415 
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SUB-NOTE 2.1(1) (Sheet 2 of 2 sheets) Systems 

- -- - - rl N 
rl N ~ ...... ...... ...... ...... ...... 

E-< E-< 
l&l ~ l&l 0 0 
E-< • E-< p.. p.. 
H H H l&l l&l (/) (/) (/) Q Q 

PMEL ( 1) 

PMEL (2) 

• 

PMEL (N) I 

ON 9C2 

Related Constants 
I I - - -rl N ::c - ...... ...... ...... 

H - - -...... >< ~ ~ rl N z a: I i..: ...... ...... ...... 
~ 0 0 0 

ti It ti H H H • p.. • ~ ~ • ~ l&l ,:( ,:( ,:( 
Q ~ ~ ~ p.. p.. p.. 

I\ i\ [\I\ 
I I i'\ "\ '\ I\ 
I l i\ I\ I\ I\ 

i\ I\ i\ I\ 
where: 

1. Number of Operating Equipment(~) - specify the number of subject 
operating equipment that is being evaluated at each site/location 
that corresponds to an organizational unit. 

2. Equipment Life (L) - the expected length of time that the equip­
ment will be operational. 

3. Operational Unreadiness (Q) - the allowable fraction of time that 
the equipment is down due to waiting for a spare. 

4. Mean tire to repair (MTTR) - total corrective maintenance time 
divided by the total number of corrective maintenance actions 
during a gi ven period of time. This time begins with localiza­
tion of the failure and terminates with repair verification. 

5. Mean time between failures (MTBF) - for a particular interval, 
the total functioning life of a population of an item, divided 
by the total number of failures within the population during 
the measurement interval. 

G. Specify the general location of each maintenanc~ echelon and the 
distances between the various maintenance echelon s . 
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2.2 Input Data (Step 2) 

00 9C2 

The design configuration specific input data must be dHfined. SN 2.2(1) has 

been designed for this purpose: 

SUB-NCYrE 2.2(1) Model Constants by Configuration I 
l 2 3 4 5 6 

Line Itea Assembly NUlllber of item Unit c$'st Item I 
lldentihca- Family Failure rate I i in equipment per itcm Repair I 
!tion No./NUl8 No./Naae Ah I N ch Rate 

h µh 
I 

I 

I 

I 

I 
I I 

Module No. Am N I C µm 
I m m 
I 

I 
I 

I 
I I 

1- -
I 

l 

I 
I 
I 
I 

I 
I 
I 

I 

P,,rt No. AP 
I N I C 

I p p 
I 

I 
I 

1. Col\Kllll 1: Line item identification nua>er or name. 

2. Column 2: Assembly family number or name - denotes the higher assembly 

of which the item is a constituent. 

3. Column 3: Predicted failure or usage rate of item ( ~ ) . 

4. Column 4: Aggregate n\Dber of the particular item in the equipments 

Wlder consideration per site (N). 

a. Column 5: Unit cost per item - procurement cost (e ). 

b. Column 6: Predicted repair rate of item (") - the r, : c:i r,n,c:.:.il ol 

the estimated time to repair. 
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2. 3 Simplification of Parameters (Step 3) 

In order to simplify the DJ\FM mathematical model for manual computation, 

00 9C2 

system components (i.e., piece parts, module s , highe r assemblies) are broken down into s ubgroups which reflect certai n i dentifiable characteristics, the 
differences of which are insignificant with r espect to the DAFM model deci­
sion process . In the case of equipnents which are made up of subassemblies of similar components (e.g. , blocks of power circuitry, logic, or analog 
circui~ry), the natural grouping is readily apparent. Where higher assemblies are made up of nonhomogeneous elements, the breakdown must be by character­istics related to the highest identifiable ioodule, the components of which a.re hoioogeneous in character and significant with respect to the DAFM model. 
Gross level groupings should be by the following order: , • As sembly level - module, higher assembly, etc. 

• Significant differences in repairability due to complexity and 
package design; i.e., planar, volwnetric, sealed, etc. 

• Grouping by special maintenance skill and test equipnent require­
ments; i.e., RF, analog, digital logic, fluids, etc. 

Suhgroupings should then be developed in terms of item acquisition cost, 
failure rate, cost failure rate, or other appropriate criteria; in other words, a tree-type breakdown should be applied. For example, one breakdown might 
be by function (digital, analog, etc.), failure rate, repair time, and cost, 
in that order. 

For each new grouping, the input values specified in SN 2.2(1) must be modi­fied to reflect the changes made. The average input values are obtained 
by the f ollowing simple equations: 

G 

(1) N = I N . 
i 

l. 
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where 

N :: number of items in the new qroup 

Ni• nunt>er of item type i in the equipment 

G =- number of types grouped together 

where 

where 

A. = 
l 

G 

I 
i 

(2) ~ • G 

I 
i 

N . A. 
l l 

N. 
l 

failure rate of item type i. 

A- average failure rate of the new 

G 

( 3) I N. c . 
C • 

i l l 

G 

I N. 
l 

i 

c . • Unit cost of item type i 
l 

c • Average cost of new group 

b. Elimination of Insensitive Cost Elements 

group. 

ON 9C2 

Consider an appl ication in which the design configuration (higher modular 
assemblies, module s, etc .) is already specified and the contractor would like 
to determine the op t imum maintenance and logistics support posture . Since 
the design is fixed, there will be no cost differences in the following cost 
elements: 

• All design coats except special test equipment costs 
• PMEL costs - PMEL requirements will not change 

• Cost of consumables will remain constant 
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c. Elimination of Unfeasible Support Alternatives 

DN 9C2 

Suppose there is an extremely short requirement for mean time to restore and a 

re uirement for base self-sufficiency. The short mean time to restore will 

probclbly make the maintenance action of on-line part repair of higher module 

assemblie s unfeasible. The base self-sufficie ncy r equirement will probably 

eliminate fac tory and depot level maintenance . 

2 . 4 perat1on and Support Cost Calculations (Step 4) 

To determine the least cost support posture fo r a given configuration, four 

major =ost factors must be considered: acquisition costs, cost of consumables, 

organization and field personnel costs, and the costs associated with the best 

maintenance/logistics (M/L) policy (see DN 9Cl, SN 2(2) for the practical M/L 

alternatives). Each of these factors may be considered and treated as inde­

pendent of one another. Except for M/L costs, the computational mechanics are 

relatively straightfon,,ard with minimal trade-off considerations to be made. 

a. Maintenance/Logistics Cost 

. ·ri 2. 4 { 1) h.l s been design ,d to aid in the selec tion of the optimum logistics 

and mainte~ance policies for each item type by relating the various cost ele­

ments in tclbular form. Inputs from the following substeps are used to com­

plete the tclble. 

(1) Enter item indicator at top of SN 2.4(1). (Item indicator is part (p), 

module (m), or higher assembly (h) and nomenclature or part nlnber identifi­

cation.) 

420 



OIAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PROCEDURE 

(.! ) Determine cost of sparing (Row 1-11, .:1nd 14 of SN 2.4). 

DN 9C2 

SlclJ J - l1utl..ilize SN 2 .4(1) by entering N . ..i11d). . i11tu rows l .md "2 , r cspcc:-
1 l 

tivcly, for each column. 

Step b - For each column, multiply row l by row 2 and ent~r resulting product 

into row 3. 

Step c - Compute: t • Q/N . .\ -max 1 1 

where: 

Q -
allowable downtime 

W1readiness • total uptime 

(l) If t is greater then the one-way transportation time from the depot 
max 

to the site, then spares need not be carried at the site and only sparing at 

the depot should be considered; i.e., ignore the "Site" and "Site/Depot" 

sections of SN 2.4(1) and c011pile only the "Depot" section. 

(2) If t is less than the one-way transportation time from the depot to 
max 

the site, then some sparing is required at the site and sparing at the depot 

only is Wlfeasible; i.e., ignore "Depot" section of SN 2.4(1) and compile the 

"Site" and "Site/Depot" sections. 

Step d - For "Depot" and the depot side of "Site/Depot", multiply row 3 by 

the number of sites (V) for each colWlll and enter into row 4. 

Step e - Enter Z. and W. into rows 5 and 6, respectively. 
l l 

Step f - For discard maintenance only, determine the cost of item consumed by 

computing L •V•N . A . c . and enter into row 7. 
l l l 

Step g - For "Depot" and depot side of "Site/Depot" sparing coq:,ute 

V·L•N . A . c . Z . and enter in row 8. Compute V•L·N . A . c . (1-Z . ) W. 
l l l l l 11 l l 

and enter in row 10. 

Step h - For "Site" and tne site side of "Site/Depot" sparing, coq>ute 

V•L• .~- A . c . Z. and enter into row 9. Compute V•L•N . ). . c . (1-Z . ) 'fl . 
l l l l l l l l 1 

and enter into row 11. 
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DN 9C2 

Step i - For repair mai ntenance only (site , depot, factory, PMEL), dete n11inc 

the cost of parts used in repairing the item by computing L•V• N. •A,. 
l. l. 

N. c . and enter into appropriate column of row 14. 
l. l. 

(3) Determine cost of consumable. 

Input Definitions 

CSfu = cost of utilities (power) per year 

CSfm = cost of materials for maintenance of facilities and 

operating equipment per year 

CSft = cost of materials for maintenance of test equipment per year 

L = anticipated operational life of the equipment 

V = nwnber of sites 

8766 = nUJ'!lber of hours per year 

8 = maintenance echelon (organization, field, etc.) 

Normally, these are negligible and can be neglected, or, often, they will 

cancel out when differential costs are considered. Where they are needed, 

estimates should be made using the best available informat i on. 

Step a - Cfu' estimate total power for equipment, air conditioning, etc. 

Where power is generated on site, use delivered cost of fuel per 

watt. Otherwise, use KWH rates for commercial sources. 

Step b - Cfm' estimate cost of material used in maintaining the facilities. 

Step c •• cft' treat same as operating equipment and determine cost in con­

junction with the operating equipment where there are common parts. 

Step d - Compute: ( c 9fu + c6fm + c6ft) L/8766 and enter total into the 

summary (SN 2.9(1)) under the proper maintenance echelon 6. 

(4) Determine cost of transportation. 
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ON 9C2 

Tr.tnspo r t ation cos t s be tween fi e l d and oryan i z .1t ion for repairable i t e ms are 
11t?q li qil> l 0 , ..-i s i t i s ge ne rally ass umed tha t f iti ld and organ i zation are at the 
:.; ,unt' s i l ' . 'l'he r0 Lurc only r ound tri p trans po rt.iti 1>11 1.:o s t s [rom t h , si t e 
(o r ganiza t i on/fie l d ) to de pot, factory, and l'Mt.-: L need l>e e va lua t e d . 

Input Defin i tions 

N. = t o tal number of type i items (re pairable modules or higher l. 

ass embli e s ) in the cons idered equi pme nt per site 
A- = mean fa i lure rate of type i item l. 

c
8

t = mean cos t of a round trip between the site and mai ntenance 
e chelon e 

L = ant i cipated operational life of the equipment 
V = numbe r of sites to acquire the equipment 

Step a - I nit i alize SN 2.4(2) by mak i ng the Ni ' Ai, and c
8t entries fo r e ach 

, i t e rn type i (where i = 1, ... , n) unde r e a ch feasible repair maintEmance 
e cht? lon O. 

! SUB- NOTE 2 .4 (2) Cost of Transportation 

Item 1 2 

·~ 

I 

Repair 

I Fac ility i0epot Factory P.MEL Depot Factory 
I 

( N 

J 
Depot Factory PMEL 
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? L·V· N. 
l. 
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CHAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PROCEDURE 

DN 9C2 

Stt>p b - Comput, and enter L•V•N~A~~ for each m.:1i11t1 •11a11~e ec.:helo11 under l l Bt 
each item type i. 

St ep c - Trans f e r ci1 r esults of step b to SN 2.4(1), row 13 (C . t). 
10 

The 
entries should re made under the appropriate column head i ng s : Depo t 
Repail·, Factory Repair, and PMEL Repair for a ll sparing location 
alternatives - Site, Depot, and Site/Depot. 

(5) De termine pe rsonnel costs. 
Two sets of procedures for obtaining personnel costs are required: one 
d~scriptive of the standby/work situation prevalent at the site and the other 
characterizing the constant workload environment typical of depot, factory, 
and PMEL. 

The only personnel trade-offs between the site and the r eroote facil i ties (depot, 
factory, and PMEL) that may be conducted involve those personnel assigned to 
the r~pair of the Line-Replaceable Un i ts (LRU' s ). 

Unde r the constant workload environment, personnel r equirements ffiay be directly 
related to a given repair transaction; i.e . , personnel charges may be r e lated to 
actual repair time spent on a given item. llowever, the standby/work situation 
requires the presence of personnel, at all times , whether repair work is imme­
diately available or not. Thus, the cost of personnel at t~l site cannot be 
directly related to a specific se rvice demand. 

The approach taken in these procedures to r e solve this problem is to initially 
assume a constant workload condition at the site and determine an average labor 
rate in the manner that would be done for the remote facilities. Using this 
labor rate, trade-offs between repair facilities may be made and an initi 1 
sele ction made for each item group. Following conside ration of all item groups, 
the item groups are categorized by their r espective ma i ntenance s kill s . l\n 
estimate of the total man-hours necessary for the initially des ign a t ed s ite 
repaired item groups and the number of men requi red a t the si t e may be madu . 
If one or more men appear justified, the personne 1 charg s arr1 conv rt<~d t<J 
integer manning values and treated a long with th , 0U1r: r mair1 t,~r1iJ1 1(.:1• ,111,J ,,,,1•ro1 -
tions personnel requi rements. When l e ss th,m o n1 • rn.ir1 i· ; ri :•1u1r• ·d .. 111 ·w ( l ,1 •1t ,, -,) 
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DN YC2 

Ljbor r a t e i s d >tcrmin d, and the entire proce s s is repeated Wltil it is shown 

that it is l e ss c.istly to site repair no items or that a man Wlder a partial 

workload is justified. 

Repair Facility Personnel Cost Input Definitions 

N . = total number of type i items (modules or higher assemblies) 

1 

').. , 
l 

C 8m 

L 

V 

C. 
1 

in the considered equipment per site 

= mean failure rate of type i item 

= mean repair rate of type i item 

= mean labor rate (direct and indirect costs) at maintenance 

echelon e - site (S), depot (d), factory (y), PMEL (p) 

= anticipated operational life of the equipment 

= number of sites to acquire the equipment 

= line item cost 

= personnel costs for type i item at maintenance echelon e 

Step a - For each item type i (where i 2 1, ••. , n), enter N. , ')..., µ., and 
l. l. l. 

c 
8 

m unde r each feasible repair maintenance - rows 1, 2, 3, and 4 

of s: : 2. 4 ( 3), respectively. 

Step b - Compute L•V•N . ').. . -~ 8 
/µ . and enter ir,to row 5 for each item type i. 

1 1. m 1 

Step c - Compute and enter (row 6) for depot only, the depot line item costs for 

each item type i. 

The cos t of line ite m (Cdl) can be represented by 

Cdl = (NRLL·R/8766)+ NRD 

where 
R • cost , per unit time, of maintaining a stock item in the master 

repair system (MRS) 

N = number of different types of modules and higher assemblies 

RL 
repaired by depot 
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CHAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PROCEDURE 

DN 9C2 

N = total nwnl>er o( mainte r1-mce .. 11.: tio11 s .al d, •pol duriny eyuipment H 

life 

D = debit and credit costs associated with inventory, accoWltabilitY, 

and storage for items repaired at the depot. 

The total number of maintenance actions (NR) at depot during equipment life 
may ue obtained as follow s : 

Step d - (1) For de pot, add the results of steps band c and enter into total 

(C. 
0 

) for ~ach item type i. 
1 m 

U) For s ite , f at; tory , and PMEL, ente r result s of stt'P c directly 

into t otal (C. ) for e ach item type i. 
1 0 m 

Step e - Enter each otal (C . ) in row 12 of SN 2.4(1). 
1 8 m 

The entries sl._ ,uld 

be made under the appropriate column headings: Site Repair, Depot 

Repair, Factory Repair, and PMEL Repair for all sparing locations -
site, depot, and site/depot. 

(6 ) Determine cost of special test equipment. 

t ep a - Ente r the cost of special test equi pment (C) in row 15 of SN 2.4(1) 
e 

which can be unique ly identified with this group for the sole purpose 

of repairing items within thi s group and which the repairing echelon 

mus t specifi ca lly procure for this purpose. 

(7 i De termine total logistic costs. 

St e a - In reference to SN 2.4( 1), for each column, sum rows 8 through 15, and 

enter the sum into totals (C ), row 16. For site/depot, the divided z 
b locks of rows 7 and 11 should be treat ed as a single block when sum-
ming each column; i.e., Wlder a given column, t . right side of the 

block in rows 8 and 10, the left side of the block in rows 9 and 11, 

and rows 12 through 15 are to be summed and entered into row 16. 
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CHAP 9 - MAINTAINABILlTY MODEL 
Sl::CT 9C - PROCEDURE 

(8) Determine minimum logistics cost per item. 

ON 9C2 

Step a - Select the minimum C for item i and enter into row 17 - Min. Total z 
(C min). 

z 

Step b - Go to next item and compile new SN 2.4(1) by repeating (1) through (8). 

:l .5 Determine Overall Minimum Logistics Cost (Step 5) 
Step a - When all items for a given configuration have been evaluated and 

their respective C 
z . min 

selected, identify the items that are to be 

site repaired. For each site repaired item's SN 2.4(1) (treating 
the site repair column only), subtract row 7 from row 17 and enter 
the difference back into row 17. 

Step b - Sum all C z . min 
for the given configuration and enter the sum into 

SN 2.9(1) under Maintenance/Logistics. 

2.6 Determine Organization and Field Personnel Costs (Step 6) 
Input Definitions 

G .. = number of men with skill level i in an operation and main­iJ 

tenance unit j (To obtain the values of G .. requires a 
iJ 

manpower analysis effort covering operations and maintenance 
personnel requirements.) 

X .. = average expense per unit time incurred by the government as i) 

a result of the manning with skill i in unit j 
F = U1c administrative and service costs per unit time for an 

operating and maintenance unit of size I I 
j i 

G,. 
iJ 

L = anticipated operational life of the equipment 

Step a - In reference to SN 2.6(1), enter manning requirements G .. , in row 1 
i ~ . J in each column corresponding to a specific task demanding a particu-

lar skill level i - n possibl0 skills, where n is the maximum number 
of skills for all m units. 
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CIIAP 9 - MAINTAINABILITY MODEL 
ON 9C2 SE T 9C - PROCEDURE 

SUB-NOTE 2.6(1) Cos t of Personne l - T&bular Evaluat i on Fora I 
Skl 11 i • 1 2 3 4 n-1 n ;: Gij•XitF 1 

~ 
; 

) ' unit Input 
No. Naae 1 2 3 4 n-1 n n+ 1 

Gil 1 
I 

l xil 2 
' 

GilXil 3 J 
I 

Gi2 l 
j 

I 

2 x12 2 

Gi2°X12 3 I ) 
) I 

) . . . . 
I 

. . . . 
. . I . 

\ 
' G . . l 

I 

1) 

j X . . 2 1) 

Gij .Xij 3 
I 

. . . . . . 

j . . 
I . 
' G. l I 111 

.. X . 2 I 111 

G. ·X . 3 
) I . 1■ 115 

F 

3ta • RG1j•X1( F 

I•• V•L 

Total 
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CHAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PROCEDURE 

ON 9C2 

~t c p b - Ente r th!.! cost of manning X .. , one unit at skill l eve l i in ro, 2, l ] 
in co lumns corresponding to each particular :::; ki 11 l e v , 1 . 

St e p c - Enter administrative and se rvice cost, F, into colwnn. 
St ep d - For e ach co lwnn, l through n, multipl y rows land 2 and enter the 

product in raw 3. 

Step e •• Swn all elements of row 3 and enter result in column n + 1, row 3. 
Step f If there is a remaining operating and maintenance W1it to be con­

sidered, return to step land begin row l on next row; otherwise, 
con t inue to step g. 

Step g - Sum all elements of column n + l and multiply by V•L. Ente r result 
in total as designated. 

Step h - Enter t tal in summary SN 2.9(1) in fir s t row of block corresponding 
to app licable maintenan ce l •vcl; i.e., organization or field. 

2 . 7 llc t c rminl: H1 •1i..1ir Facility P rsonn , 1 os ts .:it s it,: (S tt ·fJ 7) 

Input finition s 

N . = total numbe r of type i i t ems (modules or ll iqh •r ..is s embl ie s ) l. 

in the considered equipment at the site to be si te r epaired. 
A. = mean failure rate of type i item l. 

lJ i ·- mean repa i r rate of type i i tern 

St e p a - For all items to be site r epaired, group thei r re s pective repair/ 
discard logistic cost tales (SN 2.4(1)) by repairman skill. 

·t 1.: p b - List each item , for a gi ven skill l e vel, in SN 2.7(1). 
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OIAP 9 - MAINTAINABILITY MODEL 
SECT 9 - PROCEDURE 

: SUB-NOTE 2 . 7(1) Site Manning for Repair Services I 
I 

Skill Level 

i ! i \ U · 1 

l 
' ' 

' 2 I I 

I 3 I 
i 
! . 
i I 

i . 

. 
i ' I I 

I . 
' I 
I 

. 
' I . 

n 

Step c - Enter for each item N. , A.. , and u . . 
1 1 1 

Step d - Compute and enter L·V•N . A./µ . . 
1 1 1 

Step e - Sum the results of step d and enter into Sum. 
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L •V•N . \Iii . 
1 1 

' 

! 

I 
I 

I 

. 
I 

I 
' I 
I I 

Sum 
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2 .8 Determine Acquisition Costs (Step 8) 

DN 9C2 

St ep .:i - ompute the acquisition cost of design (C
0
), fab rication (CF), 

instullation (C
1
), manuals (C ) , test equipment (CT + CT ) ' tools 

m o f 
and test fixtures (CXo + CXf + CXd), line item entry (CL) + facilities 

(CB), base stock or initial spares (C5 ), and pipeline spares (CP). 

Categorically, the acquisition costs are predeployment costs, while 

the s upport costs are those att1 :.bute d to tht:: post-deployment phase. 

The acquisition cos t factors considered in developing the detailed 

cos t as associate d with the following equation are as follows: 

A = CD + CF+ CI+ CM + CT+ ex+ CL+ CB+ cs + c p 

The development (D) costs include the basic des ign, test, and demon­

stration of the equipment. 

The fabrication (F) costs include the costs associated with the 

build, test, and inspection of the equipment. 

The installation (I) costs include the cost s for empl acem nt, hookup, 

and checkout of equipment at the facili~y or si te location. 

The manual (M) costs include the costs of operator and maintenance 

manuals prepared for each level of maintenance. Pertinent factors in 

re lation t o this item are page count, forma t typ ' , type of product 

(dra ft , final, e t c . ) , number of manua l typ s , .Jnd other chary •s 

a s sociated with their preparation (trave l, mate rial, va lidation, 

ve ri f ication, e t c .). 

The test ~quipment (T) costs i nclude the costs for developmen t and/or 

acqui s iti n of special t es t equipment at organizational and fi e ld 

levels to maintain the item in an operational status. Do not include 

test equipment considered in step 4a(6). 
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CHAP 9 - MAINTAINABILITY MODEL ON 9 C2 
SEC'!' 9C - PROCEDURE 

Tools and fixtures (X) costs includ the costs for development and/or 
a cquisition of the tools and fixtures identified t o maint in the item 
in an operational status. Detailed maintenance analysis of the item 
and review of existing inventory will facilitate r duction of this 
item cost. 

Th lin item (L) documentation costs in t: lud the costs for estab-
lislung the supply control function for the item and entering the 
item in the federal catalog . 

The facility (B) costs include all buildings, land, shelters , runways, 
hangars, storage areas, etc., and all utilities providing power, water, 
sewerage, air conditioning , heating, etc. These costs include the 
"real property" (additional land acquisition, new construction, reno­
vation, modernization, e xpan sion , and/ or modification requirements) 
and "other facilities" (government :urnished quipment, col'll!lercially 
available items, and other development items). 

The base stock level or initial spares ) costs include the costs 
for spares for organizational, field, >r depot rocured for the item 
in sufficient quantity to fill the storage levels for the designated 
supply time for each of the supply po i nts. Replenishment costs are 
ssociated with the support (S) costs and based on failures of the 

item. Information r late d to the it m . r e supply period allocations, 
nwnber of locations , quantity of equipment, failur rate of item , 
maintenance con ept, etc . 

The pipP.line spare (P) costs are th initial spares costs associated 
with filling the pipeline to ensur availability of spares due to 
repair time attributed to the turnaround time at the repair facility. 
The detailed formula for the calculation is: 

CP• Ici(µi+K~ 
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DN 9C2 

St ep b -

C. = cost o f item 
l. 

µ _ = average number of failures of module or higher assent>ly l. 

during turnaround time period 

K • probability that item i will be available when needed; 
value is obtained from the list below or is determined, 

using an interpolation process. 

Protection Leve l (\) 

75 
85 
95 
99 

Coefficient K 

0.67 
1.04 
l.65 
2 .33 

wh r • ~1 . = A . T1, 
l l i. 

• N . V 
l 

). . = failure or usage rate of item i 
t l 

TT . .. turnaround time in hours 
l. 

N. • number of items i in equipment per site l 

V • number of sites 

Enter computed cost in SN 2. 9 (1) 

2. De termine Total Cost of Configuration (Step 9) 
To determine the least cost sup or t posture for a given configuration, two 
major cost factors are considere d: acquisition and support. SN 2.9(1) i s used 
to summarize and compare total costs for the system. SU1T111arization of the 
acquisition cost A() and operation and s upport cost S( ) is entered into the 
total cos t row and selection made on a cost effectiveness basis . 
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CHAP 9 - MAINTAINABILITY MODEL 
SECT 9C - PR O:DURE 

.' UU-Nt l'l'E 2 . •1(1) Cos t Uccision Elements 

Cost El ement (C) 

, Design 
Fabtication 
Installation 
Manuals 
Test Equipment 

Organization 
Fie ld 

Tools and Fi xtures 
Organization 
Field 
Depot 

Lin . Item Documenta-1 
tion 

Faci liti s 
' Spar es 

Base Stock/Initial 
Pipeline I 

I Organization 
I Pe rsonnel Op 

Maint I Consumables I 
Field 

Personnel 
i::onsumables 

Refer to 
ubscript Step No. 

B 

s 
p 

0 

om 

of 
f 
fm 
ff 4a 

8 

8 

6 
7 

6 
(3) 

I 

Refer to 
SN No. 

l~N 
2.6(1) 
2.7(1) 

s 2 . 6 ( 1) 

~.aintenance/Logis- z 
min 4a ( 2) ,4a(4 ) ,

1

1s 2 .4(1) 
I tics* 

I 
4a (5) , 4a (6) , 
5 I 

I Total Cost 

ON <)C2 

Configuration 

A( A( A( ) A( 

s ( s ( s ( ) I 
I S( 

I 
I 

! I 
I I 

I I 
I 

T ( ) T( ) T ( ) T ( ) 

*M/L includes the cost factors for spares, transportation, repair facility 
personnel plus ljne item entry , and special test equipment. 
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SECTION 90 

THE MULTIPLEXER SET OAFM ANALYSIS EXAMPLE 

This section contains an example of the u·3e of the procedures described in 

Section 9C to analize the OAFM of the Multiple xer Set. 



CHAP 9 - MAINTAINABILITY l«>DEL 

SECT 9D 

SECTION 9D 
THE MULTIPLEXER SET DAFM ANALYSIS EXAMPLE 

DESIGN NOTE 9Dl - MULTIPLEXER SET DAFM ANALYSIS 
l. GENERAL 

2 . 

2 .1 

2 .2 

2 . 2 

2 . 3 

2 . 3 

2 . 4 

2 .4 

2.5 

2 . 6 

2.7 

2.8 

2.9 

2.9 

(1) 

(1) 

(1) 

(1) 

DAFM PROCEDURE 

Input Specification (Step 1) 
Input Data (Step 2) 
Des i gn Conf igura tion 

Simplification of Parameters (Step 3) 
Fie ld versus Depot Repa i r 

Ope ration and Support Cost CAlculations (Step 4) 
Repair/Discard Logistics Cost 
Determine Overall Minimum Logistics Cost (Step 5) 
Determine Organization and Field Personnel Costs (Step 6) 
Determine Repair Facility Personnel Costs at Site (Sep 7) 
Determine Acquisition Costs (Step 8) 
Determine Total Configuration Cost (Step 9) 
Cost Decision Elements 
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CHAP 9 - MAINTAINABILITY M:>DEL ON YDl 

SECT 9D - THE MULTIPLEXER SET DA.FM ANALYSIS EXAMPLE 

DESIGN NOTE 9D1 MULTIPLEXER SET UAFM ANA.LY SIS 

1. GENERAL 

In ON 701, a trade-off was conduc t ed to d t e rmine the breakeven point, in 

t erms of depl yment quantities of multiplex sets , for depot repair versus 

DAF of all types of cards and modules. 

In th ' s e xample of conducting a trade-off, by the systematic model, the de­

ployment quantities are known and the data desired from the use of the model 

is what the net savings will be, using updated data, for the most cost ef­

fective decision. 

It is worthwhile to mention tha~ the use of the model as a tool for conducting 

a trade-off precludes omission of po t entially sensitive parame ters because the 

omitted ones are excluded by exception from the total. Furthermore, once a 

decision is made, all the values for the candidate selected could be inserted 

into the mode l to determine an absolute value of life cycle cost for that 

cand ;date. 

2. DAFM PROCEDURE 

2.1 Input Specification (Step 1) 

The general data related to the Multiplexer Set and required to initiate the 

evaluation procedure is identified as follows: 

• Number of sites (V) - 25 

• Number of Multiplexer Sets per site - 4 

• Anticipated equipment operational life (L) - 10 years 

• Operational unreadiness (Q) - 0.0083 

•Meantime to repair card at depot - 1.3 hours 

•Meantime between failure (MTBF) - 3,300 hours 

• Number of cards per set - 126 

• Average distance between sites and depot - 2,500 miles 

• Cost per card (See SN 2.2(1) .) 

• Failure per card (See SN 2. 2 (1).) 
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SECT ~U - TliE MULTIPLEXEk SET DAFM ANALYSIS EXAMPLE 
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CHAP 9 - MAINTAINABILITY K:>DEL DN 9D1 
SECT 9D - THE MULTIPLEXER SET DAFM ANALYSIS EXAMPLE 

.. . .! I nput Data (!::it ' P 2) 

The des ign configuration spec i fi<" input data is de fined ..is s hown in SN 2 . 2 (1). 
T~e de tailed substeps of this procedure permit the comple tion of colwnns l 

through 6. 

2.3 Sim~lification of Parameters (Step 3) 

a. Grouping 

In order to simplify the DAFM model for manual computation, the system printed 
ci~cui t cards were classifi ed into the following groupings: 

• Digital (D) 

• Electromechanical (E) 

• Analog (A) 

• Module (M) 

The numbers of items in each group were 73, 4, 7, and 42 for groupings D, E, 
A, and M, respectively. 

These items are identified in column 7 of SN 2.2(1). In order to obtain an 
average failure rate of the grouping, the entries in column 3 are multiplied 
by the entries in colWln 4 and entered in colUJIU'\ 8 for M, D, A, E groupings, 
respectively. The 

). -i(avg) 

average failure 
1 
1. column 8 
I . column 4 

l. 

rate is as follows: 

where i • grouping (M, D, A, E) 

A. for roodules, digital, analog, and electromechanical is the following: l. 

). M 
54.038 

• l. 287 - 42 
). 211.157 

• 2.893 -D 73 

A 25 .800 • 3.686 -A 7 

A 11. 796 
• 2.949 -E 4 
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CHAP 9 - MAINTAINABILITY MODEL ON 901 

SECT 90 - THE MULTIPLEXER SET DAFM ANALYSIS EXAMPLE 

In order to identify the average cost per printed circuit card for each of 

the groupings, the entries in column 4 are multiplied by the entries in 

column 5 and entered in column 9 for M, D, A, E grouping , respectively. The 

average (avg) cost is calculated as follows : 

I column 9 . 

ci(avg) - i l 

I - column 4 . 
l l 

where i :a grouping (M, D, A, E) 

11130 • $265 
CM = 42 

34675 • $475 
CD - 73 

3850 • $550 C • 7 A 
1700 • $425 C • 4 E 

b. Elimination of Insensitive Coat Elements 

The design of the printed circuit cards for the Multiplexer Set is specified. 

Baaed upon previous trade at dy information (see Chapter 7) and the reaulu 

as delineated in SN 2.3 (1), it is determined that based on the average 

failure rate and the number of systems (Multiplexer Sets per site), depot 

maintenance is selected. This is shown in the shaded portion (lower left­

hand corner) of SN 2.3 (1). The breakeven curves are shown in SN 2.3 (1) 

for v • 2 sites, V • 11 sites, and V • 25 sites. Based on this, the fol­

lowing can be eliminated. 

• Design costs 

• PMEL costs - No calibration requ i red on the print ed circuit cards. 

• Factory costs - Same for all, whether DAFM or repair. Facilities 

at factory are for manufacturing process, test, checkout, etc. 

• Line item cost for cards - Only the cost of the repair components 

need be considered. In reference to Section 7D, Paragraph 34, 

this is estimated at $25. 
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CN 901 

c . Elimination of Unfeasible Support Alternatives 

The high reliability of the system, the repair of the system by printed cir­

cuit card repla~ement, and the positive detection and isolation of card fail­

ure e l i minated the requirement for base self-sufficiency as related to total 

r epair f fa ilure wh i ch includes repair of cards. In keeping with the Air 

F'orce philosophy of intermediate or depot repair, the trade study in Chapter 

7 considered both these levels. Top level analysis dictated depot level 

n~ ntenance . 

. 4 Op -r a tion and Support Cos t Calculations (Step 4) 

a . Mainte nance/Logistics Costs 

The mainte nance/logistics cost~ are calculated with the use of SN 2.4 (1). 

(1) Ente r Item Indicator 

The items cons1dered in this study are the printed circuit cards, herein 

r eferr d to a~ modules (digital (MD) module, electromechanical (ME) module, 

analog (MA) module, and module (P91)) as related to their grouping. Since 

the four groupings are being considered, separate sheets are completed for 

each group i ng. 

(2 ) Determine Cos t of Sparing 

St ep a. The tota l number of type i items in the subject equipment per site 

and t h average failure rate of the item are entered into rows land 2. The 

numbe rs o f cards per gr oup per Multiplexer Set are 73, 4, 7, and 42 for MD, 

Ml:: , MA, and MM, respectively. The re are from step 1, four sets per site for 

a t o ta l of 292 MD's, 16 ME's, 28 MA's, and 168 MM's, respectively. The 

average failure rate for the groupings is obtained from step 3. 

St e b. Row l is multiplied by row 2 and the resulting product entered in 

r w 3. For cal culation purposes, this product is rounded off to the next 

w. ol e number. 
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St p c . The op r.1t1on of th Multiplt'xer Sr!t is essentially continuous, with do"-'. t im ' u, •ing i ncurred or l y for corrective nd preventive 1nc1intenc1nce. The 
cqui n. nts are evenly divided between oversea and stateside locations. The 
11 ~:a l c rrec.tive and revcntive maintenance downtime in a 24-hour period i 12 m1 Ut ' s. r.alculating Q 2 unreadiness yields 

12 12 
Q a 24•60 C -14_4_0_ C 0 •0083 

The av~rag tran portati r time from depot to the site isl week (168 hours). C lei' ] t i:ig t for MD, ME, MA, and MM, respectively, yield aax 

t • QIA N aax l. l 

wher ,\ N is obtained fr m step 4 (2) l l 

t 0.0083 
.82 ho1..rs • 8-IS•lo- G • max MD 

t 0.0083 .176.59 hours -47 • 10-6 llaX ME 

t 0.0083 -103•10-6 • 80.58 hours llaX MA 

0.0083 t111ax MM= 216 . 10_6 • 38.42 hours 

1ncc t for c ch grou ing is lc~s th~n t1e one-way transportation time 
l:lclX 

from the depot, "'hich is as urned :o be l week (168 hours), then sparing is 
t th s · tc an dcr ot. Sparing .i t depot only is ur.fcasible, and thus th "Depot" secti n of SN 2.4 (l} an b ignored. 

Step d. Multiply row 3 by the number of sites (V). The value of Vis ob­
tain d from the input specification and is 25. Enter the product in row 4. Step c. Enter Z. , l for discard and O for repair, in row 5 and ~nter W. l 

l. in row 6. W. , washout or condemnation rate of item i, was assumed to be 
l 

5 pe rcent. This is washout of the item due to unrepairability. 
Step f. For discard maintenance only, the cost of card discard is calculated basc!d on t o t al failures per life of equipment times the average cost per card. The calculation is as follows: 
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01 ~ ·.1 rd = L • V • 
l 

A . C . 
l l l 

Di . c..itd,_10 
= (l 

Discar "' (l 
Mk" 49 ·1 S4. 5 ~ , 775 

Di ::; ::a 1 ::; (l 
MA 

Di s ,ll 
f-1.'I 

,:; ( J 

C . is d r \'l fr I , "' 

l · ~ -1 b (l. 7 •1 -b l S- 5 = Sl 5 ,441 

p 3. EL ·r th s Vdl s 1n r w 7. 1 

Ste g. For th id of "Site/ pot ", com ute 

V•L•N . .\ C Z . 
l l l .l 

V.11 s are th same ll t p t: and C t r in row 8. " -

Co:n ut" the v l of 

V• L • N ,\ C (1-Z . ) W. 
l l l l l 

V.:ilucs ar (..' t c.: r d in r ow 10 . 

MD = 5 (10 • 7 ) • 292 (2.89 •J 0-6) 47 (1-0) (0. 05) .. S43, 981 

ME = 25 (l O • 76 l • 16 ( . ~4 •l0 - 6 ) S4 2 ( - 0 ) )0.05) = $2,189 

MA = 25 (1 0 • 87(, ) • : (3.6 •1 0 ) 550 (_- 0 ) (0 . 05) = S6,207 

MM = 25 (10• 7 ) • l ,8 ( .2d7 • 0 ) $2 5 (l-0) (0.0 5 ) = $6,272 

Step h. For the site ~; ide of "Site/ 0 " !ipcr1ng , th v.ilues for 

ON 9D1 

V•L•N . ,\ . c . z. and ' • L•. ,\ . c . (1-Z . ) w ..lr computeu d entered in l. l l l .l l. l. l l. 
r o1,1s 9 and 11, respec t i vc y. Ti £; (' V ... u re the sa , dS those derived 
ir. st pg. 

Step i. For repair m..iirt n nee only , th cos t of parts used in r epairing 
the item is ca lcul ated y 

L•V•N . A. . N . c . 
l. l l. l. 

N . = 
l. 

average numbe r 

number of parts 
c. = nvcraqe cost of l. 

cost is assumed 

of part!> replaced 

is assumed to be 

replacement parts 

to be $7.50. 
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The value for each of the groupings i s calculated and cntereJ in ~he "Ucpot 
Repair" column of row 14. 

MD• (8766•10)•25°292 (2.893xl0-6)•3•$7.50 • $41,666 
ME• (8766•10)•25•16 (2.949xl0-6)•3•$7.50 • $2,318 
MA= (8766•10)•25•28 (3.686xl0-6)•3•$7.50 • $5,079 
MM= (8766•10)•25•168 (l.287xl0-6)•3•$7.50 • $10,651 

(3) Determine Cost of Consumables 

The cost of consumables at a depot facility for repair of the printed circuit 
cards is considered negligible. If calculated, they would be entered on the 
summary matrix under the proper main t::,1ance echelon. 

(4) Determine Transportation Cost 

The transportation cost for the printed circuit cards from the site to depot 
repair facility is calculated based on the following formula: 

Avg transportation cost • L•V•Ni ,\ i c
8

t 

where 

c8t = mean cost of round trip between site and the maintenance echelon, 
this cost was ass•.uned to be $1.04 one way. 

Avg transporta~ion cost - (10•8766) 25•292 (2.893 •l0-6) $2.08 • $3851 MD 

ME s (10•8766) 25.16 (2.949•10-6 ) $2.08 • $215 
= (10•8766) 25.29 (3.686•10-6) $2.08 -$470 MA 

MM a. (10•8766) 25•168 (l.287•10-6) $2.08 = $986 
The matri x as previously presented may be used to facilitate the calculation 
of these values; however, with only one consideration for depot, this matrix 
was not used. The values as calculated above are entered in row 13 of 
SN 2.4 (1) in the "Depot Repair" section. 
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(5) Determine Personnel Cost 

The depot repair personnel cost is based upon the number of failures for each 
module grouping for the life of the system, the mean repair rate (µ), and 

the mean labor rate (c
9

m). The repajr time is 1.33 hours, or a rate of re­
pair (µ) of 0.751 units per hour. Labor rate is assu.-ned to be $10.00 per 
man-hour. The cost calculation for personnel for each of che module groupings 
is: 

L•V•N . ,\ . c0 /µ . 
1 1 m 1 

= (10•8766) 25•292 (2.893xl0-6 ) $10/0.751 = $24,624 

(10 ■ 8766) 25,16 (2.949xl0-6 ) $10/0.751 • $1375 

(10•8766) 25,28 (3.686xl0-6 ) $10/0.751 a $3005 

(10•8766) 25•168 (l.287xl0-6 ) $10/0.751 • $6305 

C = 
ME 

C = 
MA 

C = 
MM 

The cost of line item (Cdl) is based upon the number of different types of 
modules repaired by depot (NRL), the cost of maintaining a stock item in the 
Master Repair System (R), the total number of maintenance actions at depot 
during the equipment life (NR), and debit and credit costs associated with in­
ventory, accountability, and storage for items repai r ed at the depot (D). 
Because the modules have been grouped into four basic types, in calculating 
Cdl the actual total of distinct types within each group must be entered 
for the term NRL. 

Cost of line item (Cdl) is calculated from the following formula: 

Cdl = (NRLL•R/8766) + NRD 

cdl digital= (31•87660•$104/8766) + (1852•$10) • $50,760 

Cdl electromechanical= (4•87660•$104/8766) + (104•$10) • $5200 
cdl analog= (7•87660•$104/8766) + (227•$10) = $9550 
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cdl module• (4•87660•$104/8766) + (474•$10) • $8900 
c .6 • cost of personnel at depot+ cost of line item l. m 

c .8 digi tal • $24,624 + $50,760 = $75,384 l. m 

c . 8 electromechanical = $1375 + $5200 = $6576 l. m 
c .8 analog c $3005 + $9550 z $12,555 l. m 

c . 6 module• $63)5 + $8900 • $15,205 l. m 

ON 901 

Enter coats in row 12 of the applicable repair/discard logistics cost work­sheet (SN 2.4 (1)). 

(6) Determine Cost of Sl)f!cial Test Equi pment 

The cost of test equipment wholly chargeable to the repair of the cards under consideration is as follows: 

• Digital cards - $205.6K 

• Electromechanical and analog cards - $35.lK 
• Modules - $10.0K 

'nl~se costs are entered in line 15 of the applicable repair/discard logistics cost worksheet. 

(7) Determine Total Logistics Costs 

Sum rows 8 through 15 on each of the repair/discard logistics cost work­
sheets and enter thd total in row 16. This completes the necessary entries in the repair/discard logistics cost worksheets. 

2.5 Determine overall Minimum Lcg ' s tics Cost (Step 5) 
Substep 3 can be skipped, since neithe: ~z the support candidates include 
site repair of defective cards. Transfer i' ·,ae total logistics costs to the 
cost decision table (SN 2.9 (1)) referenced in Step 9. 
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2 . 6 DE'?termine Organization and Field Personnel Costs (Step 6) 
Sire~ there is no delta cost between the two candidates as regards organiza­
tion nnd fie ld personnel, this step need not be complett!d in the example 
trade-off. 

2 .7 Determine Repair Facility Personnel Costs at Site (S~ep 7) 
Thi., step i ~ not applicable to the example trade-off. Proceed to step 8. 
2. e De~e rmine Acquisi tion Cos ts (Step 8) 

Th ~ evelopmen t cost (C
0
), cost of fabrication (CF), and cost of installation 

(C
1

) are c nstant for the two candiclates under consideration; therefore, for 
t his example they should not be considered. 

The cost o f manual (CM) need not. consider manuals required to operate and 
maintain the sy~~em ut the site, since these are necessary for both candidates 
under consideration. Manuals necessary to operate and maintain the special 
test fixture at the depot for repair of the modules are shown in ON 7D1 under 
AGE S•.!pport Cost to have an estimated cost of $37,500. 

The test equipment cost (CT ) associated with the test equipment required for 
s upport of the depot repai r philosophy is shown in DN 7D1 under Depot or SRA 
Repair AGE to be $11,300. This value does not include the special test 
equipment cost considered in step 4a(6). 

It is not anticipated that there would be any additional tools or fixtures 
required for one candi date over the other. CX need not be c, 1sidered in the 
,~xample trade-off. 

Line item documentation cost (CL) need only consider those components of the 
modules which are new to the Federal Supply System. Using the values presented 
in chapter 7, 25 additional items will be introduced into the supply system 
solely for repair support. Using the cost factor of $171 for introduction of 
a new item into the rederal Supply System, entry cost for the 25 items would 
be $4275. 
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Facilities costs (C8 ) need not be considered in the example trade-off. 
The base stock level cost (C

5
) includes the cost of initial spares to fill the storage levels for each of the supply points. The supply points for the IMllt plexer system will be the same for each candidate under consideration with no difference in stockage levels: therefor~, this cost would be equal 

for each candidate and need not be included in the calculations. 
The pipeline cost (CP) is associated only with the depot repair candidate and must be included in the calculations. Pipeline costs are co111>uted, using the following formula: 

Cp • I, Ci (\Ji + K ~) 

For che purpose of this exa111ple, it is assumed that a 95 percent confidence level is desired to ens• tre that the needed item is normally available when required. The value f K for a 95 percent confidence level is shown in 
DN 9C2 to be l . 65. A~~rage turnaround duration is esti .. ted i.'l Chapter 7 
to be 2.25 months or lt44 hours. Calculate the pipeline cost for each IK>dule by first calculating the average number of failures for each -=>dule during th~ turnaround period, using the formula 

\J. • A. TT N. V l. l. . l. 
l. -6 digital module lJ • 2.893•10 •1644•292•25 

• 34. 7 failures 
electromechanical modulo lJ • 2.949•10-6•1644•16•25 

• 1. 9 fail•.ires 
-6 analog module lJ • 3.686•10 •1644•28•25 

• 4. 2 failures 
module module lJ • 1.287•10-6•1644•168•25 

• 8.9 failures 
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Substituting the average number of failures of the IIOdules into the pipeline cost formula, we get: 

digital module cp • $475 (34.7 + 1.65 ~) 
• $21,099 

elec'tromechani.cal module CP • $425 (1.9 + l.65 ~ 
• $1775 

andlog module CF = S550 (4.2 + 1.65 ~ 
• $9670 

l'\Odul e module 1.:P = $265 (8. + 1. 65 ~ 
= $3662 

c P • s21,099 + s111s + S9670 + $3662 
• $36,206 

Enter the computed cost in the cost decision element worksheet (SN 2.9 (1)). 
?.9 Determine Total Configuration Cost (Step 9) 

SU111Darize all of the acquisition and suppo,:t costs on the cos ·•: decision element ~~rksheet (SN 2.9 (1)) for each of the candidate :onfiguration■ and support postures. 

Total costs are compared for selection of the least total cost candidate. In this example, the total cost of the consider~d cost elements for the di~­card candidc1te is $1,172,977, whereas the correspo;iding total cost of the depot repair candidate is $573,585. The more cost-effective support posture of the two candidates would be depot repair of the defective modules. 
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Cost Element (C) 
Refer to 

Subscript Step No. 
Refer to 

SN No. 

De■.ign 

Fabrication 
Installation 
Manuals 
Test Equipmnt 

Organization 
Field 

Tools and Fixtures 
Organization 
Field 
De~t 

Line Item Documenta­
tion 

Facilities B 
Spares 

Base Stock/Initial S 
Pipeline P 

Organizstion 
Personnel Op 

Maint 
Consumables 

Field 
Personnel 
Consumables 

MA.lntenance/Logis­
tics• 

of 
f 
fm 
ff 
z . m1n 

Total Cost T ( ) ..... T ( ) 

8 

6 
4a (3) 
4a ( 2) , 4a ( 4) , 
4a (5) ,4a (6) , 
5 

DN 9D1 

Support Candidate 

Discard 

N/A 

N/A 

Repair 

N/A 
N/A 
N/A 

$37,5C'O 
$11, 30J 

N/A 

l 
N/A 

$4275 

N/A 

N/A 
$36,206 

N/A 

l 
N/A 

$1,172,977 $484,304 

$1,172,977 $573,585 

*M/L includes the cost factors for spares, transportation, repair facility personnel plus line item entry, and special test equipment. 
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CHAPTER 10 

MAINTENANCI:: ON .f.P1' 

This chapter contains sections outlining the maintenance concept and the type 
of data ontain -- d in the concept, with an examp !.e of the Multiplexer Set 
maint ~nancc c ncept , in luding the AGI:: r equ1 r ments identification. 
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1 ·t11\l " l'l :t. 111 

St.:l~rtL>N lUA - MAlN1'ENANCt~ Cc~E,~r IN'l'l~•llllt"l'lnN 

Design Note lOAl - Detailed Tas~ Descrirtion 
lOA2 - Guidelines and Meth~,dology 

SECTION 108 - SELF-REPAIR AND SELF-SUPPORT CONCEPTS 
Design Note 1081 - Self-Repair Concept 

1082 - Self-Support Concept 

CHAP 10 

MAIN'l'ENAU1 ·1: • ·••lte 'l l'T 

SECTION lOC - MULTIP!.EXER SET MAINTENANCE CONCEPT AND AGE REQUIREMENTS EXAMPLE 
Design Note lOCl - Multiplexer Set Example of the Maintenance Concept 

10C2 - Multiplexer Set Example of AGE Require•nts 
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. t-. ·1•1, t lOA 

MAIN'l'ENA ' t C "EPT INTl<1>1)1J "l'I IN 

t lw ty \.' f J..JtJ rcqu1 r •d t dcv lop .:i on · t, ,,uth gu1dellncs and aethodoloqy. 
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CHAP 10 - MIN'l'DWCE CONCEPT 
Sl!lCT lOA 

NAIWl'UtANCt-: UNCF.t .. r llffk1)f)l._'TI IN 
OESIGII NOTE lOAl - DETAILED TASK DESCRIPTION 
l. GENERAL 

.! • THt: NAINTENMIC'E CONCEPT 

DES IGN tUTl: lOA.l - GUIOELINES AND Nt."l'HOOOLOGY 
l. GEHERAJ. 

2. MAINTENANCE C EPT PLMNING 
l. LEVELS OP NAINTDIAHCE 
4. OIIGANIZATIONAL LEVEL MllffENANCE 

4.1 Or9an~ution.l ~orrective Maintenance 
4.2 rg&niz•tion.l Prewntiw Maintenance 
5. INTERNEDIATE LEVEL NAINTDIANCE 
6. DEPOT LEVEL NAl'-'TEN.\llcr 
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1•1-:TI\ 11.1-: 1, Tl\; :IC lll·::;c ' I{ 11"1'1• 1N . .. .. ___ · ·- -·-
,l.rllv\ . 

l'u p1 •v •1 t haphJz.:11-.t cli' 10..a..:hcs t llldint,.un.lbillty J~• -· ign, J definitive con­
·cpt or pl Jn f ays tem ma1nt~nance 1s cs entidl. Such a concept would define 

th repd1r ph 1l o hy t c used and would guide support planning and provide 
j • a ~: f~r • fl n ~p ::-t r q ui r •nts. 

1'. on..: pt u th i ond s tage of plaMing for the 11aintenance 
nd up1 rt fa yst m/ equip~n 1n th ope rational environment. The first 

Ftage 1s th maintenanc ph ilosophy, and the third stage is the uintenance plan. 
The 111A1nt nance ph1losopny i s the customer-directed general uintenance 
•pr,roac and onstr,unt ( ~ ur. lBl, 'hap l and is limited in detail. The 
1111unt~nanc ..:on cpt implements t he m.tl nteri,anct• ph ilosophy, somet iaes taking 
ex..: .,t1 n t t 1t-> pil, l .·ophy, <1s the l ·v l f d-,uil of illpl-nution increaaea. 
r • m.i11 tcncm~' ..:cr ·cl)t .:: v lvcs through r • •t 1t\v ..analysis into d detailed 

lan fr s upport1n th operation of the system equipaent in the planned operational environment. 

The uintenance concept is dewloped conaarrently and iteratiwly with the 
operational end de■ip concept to •••ur• the ccapetibility and coat effect­
iveness of the ■y■t•/equipaent with the ■iliury o~anization • 

• H MA WTENA?lCf. 1..0 N E T 

Te 1M1ntenance onccpt 1 d script1on of the pian~d general scheae for 
ma1ntcnan~e and support of an item in the operational environaent. The main­
t~nance concept provide■ • practical ba■i• for influencing design, layout, and 
peckaging of the ■y■ta and its test equipaent, and establishes the ■cope of 
aaintenance responsibility for each level of Nintenance and the per■onn•l 
re■u~ce■ required to uintain the ■y■t•. 
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SECT lOA - MAINTENANCE CONCEPT INTRODUCTION ON l0Al 

Maintenance concepts for the system are established, using prior feasibility 
studies and maintainability trade-offs between support elements. These 
concepts provide guidance for the definition of support requirements. 
Maintenance concepts should include: 

• Projected levels and locations of maintenance 
• Fault isolation and system testing approach 
• Component repair by maintenance level and location 
• Scheduled maintenance requirements and location 
• Facilities required a t each location 
• Support equipment and tools required (AGZ) at each location 
• Skill levels, types, and numbers of personnel required at each location 

• Supply considerations at each location 
• Tochnical documentation requirements at each location 
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DESIGN NOTE 10A2 GUIDELINES AND METHODOLOGY 

1. GENERAL 

In selecting a maintenance concept which meets or exceeds the operational 
requirements at the minimum life cycle cost , he qeneral case is that the 
operational requirements only influence decisions relative to organizational 
maintenance insof r as maintenance time is concerned. 

Once it is assured that each candidate concept meets the operational require­
ments (including the maintenance constraints), the candidate should be 
selected which results in the lowest life cycle cost. 
It is important to note that the selection of the maintenance concept must 
be done in conjunc•ion with the se lection of the design concept to achieve the 
optimum result. 

The detailed procedures for selecting the maintenance concept for a system 
are covered in Chapter 7 (trade-offs) and Chapter 9 (maintainability model). 
As mentioned previously, the maintenance concept decisions should be made at 
the sall\e time as the maintainability design d~cisions. 

2. MAINTENANCE CONCEPT PLANNING 

The maintenance concept i s the basic docwnent for support planni ng, and it is 
imperative that a preliminary approach be developed as soon as the system 
concept is established. 

The descriptio1 of operational requirements from which quantitati ~ maintain­
ability requirements are derived for the system also provides the logistic 
support planning criteria on which to base maintenance concepts appropriate to 
the maintainability requirement. The maintenance concept, which basically 
defines criteria gov~rning the scope and proposed methods of repair at each 
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level of maintenance, attempts to sati~fy jointly th · quantitative maintain­

ability requirement derived for the system, and the planned logistic support 

environment within which the system is to operate. 

The maintenance concept should be developed concurrently and interatively with 

the derivation of quantitative maintainability requirements for the system. 

Since the organizational level repair policy to be defined for the system must 

be canpatible with the maintainability indices requirement, the maint enance 

concept applicable to the organizational level is first established. ~ainte­

nance concepts and policies for the intermediate snd depot levels of maintenance 

are then evolved to s.ipport the 01·9anizational level concept. 

3. LEVELS OF MAINTENANCE 

Air Force maintenance is divided into three basic levels: organizational, 

intermediate, and depot. 

Each level of maintenance corresponds to both the skill of available personnel 

and the degree of difficulty inherent in the maintenance work to be done. 

These levels can be categorized as on site (organizational), base support 

,intermediate), and repair depot and/or contractor facility. 

4. ORGANIZATIONAL LEVEL MAINTENANCE 

Maintainability, as treated in this notebook, is concerned first with the 

ease, rapidity, and economy of system maintenance by personnel who use the 

system. This is the organizational (or user) level of maintenance at which a 

repair-by-replacement concept is usually adopted to enhance operati onal effec­

tiveness and minimize maintenance resource requirements (personn 1 , training, 

facilities, special tools and test equipment, spare parts, etc.). 
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Maintenance at the organizational level should be depicted by the maintenance 

concept and should be canpatible with the equipnent design. Organizational 

level maintenance coneists of preventive maintenance and corrective maintenance. 

4.1 Organizational Corrective Maintenance 

Corrective main~enance tasks at the organizational level of maintenance should 

be limited, as a general rule, to system testing, fault isolation, and only 

the simpler repair tasks such as replacement of replaceable units and roodules, 

replacement of specifically designated components comparable in interchange 

task complexity to nodular replacement, and minor equipment adjustments and 

alignments. The basic corrective mainte nance procedure for organizational 

maint enance should eflt)loy fault detection and isolation by automatic ~ans as 

the normal method for determining the repair task. When automatic means fail, 

manual techniques (outlined in step-by-step form in instructional material) 

should be provided. When the fault can be isolated to a replaceahle unit, 

maintenance t9chnicians rem:>ve the defective item and replace it with a spare 
taken from the storeroom. The defective element may then be rem:>ved to the 

maintenance shop for repair or disposition. 

4.2 Organizational Preventive Maintenance 

Preventive maintenance, as defined herein, consists of those scheduled mainte­

nance tasks which are r quired to prolong system operation and useful life, 

i.e., inspection, cleaning, calibrating, e tc. These tasks are performed with 

limited d · s~antling of equipment. The preventive maintenance plan for a sys-

t em should s trive to minimize the complexity and frequency of required servicing, 

whil providing maximum system performance and prolonged operational life. As 

a design objective, the inability to perform scheduled maintenance due to 

operational connitments over extended period of time should not restrict sys-
tem operation or contribute to permanent damage of system components. 
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5. INTERMEDIATE LEVEL MAINTENANCE 

Intermediate maintenance is performed by specially trained technicians of 

skill levels adequate to ef ~ect r epair of end items and replaceabie units in 

suppr,rt of the using or.gani %ati~n on a return-to-user basis. The user or 

us i ng organization refers to the opE;rating location of the equipment. Inter­

mediat."! level maintenance performed by the repair maintenance shops includes 

the interchange of major compone~ts or subsystems, replacement of electronic 

parts , etc. Maintainability requirements in terms of time for repair are not 

as stringent at the intermediate level as they are at the organizational level, 

except fo r turnaround time requireJ to effectively support the user. Field 

support teams of specialists on a particular item of equipment, stationed at a 

central location, IM)' also be utilized to effect on-site repairs of equipment 

that is beyond the capability of the on··site maintenance personne l. Such 

persoMel may be government maintenance specialist s or contractor engineers. 

6. DEPOT LEVEL MAINTENANCE 

Replacement items tha·t are not repairable at the shop (intermediate level) are 

returned to a depot fc,r overhaul or repair. Depot level maintenance is per­

formed by a limited number of f ~cilities comprised of highly skilled specialist s, 

special handling equipment, tools, and test equipment to perform complicated 

.:-epairs, modifications, and factory type adjustments using primary or second-

a.r:y standards. Maintainability requirements for the depot level. are oriented 

to minimize logistic sup,port resources, requirements., and costs. 
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SELF-REPAIR AND SELF-SUPPORT CONC .PTS 
This section contains an analysis of a design approach for a self-repair con­cept, and discusses a self-support concept. 
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6 (4) Reliability Model and Equations for Self-Repair System With N Self­Repairable Models in Series 
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dWldancy for N • 1, 5, and Reliability of Self-Repair System 
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DESIGN NOTE 1081 
SELF-Rl::P/\IR CONCt::P'l' 

l. GENERAL 

This design note summarizts an a r.2.lysis of a new equipment design approach, permitting electronic self-repair of component faults by built-in adaptive spares. While increasing equipment complexity and acquisition cost by 30 p rce;1t to less than 50 percent t.he resultant reliability and availability are those of at least five complete parallel systems in stand-·by redundancy. 

2 . BASIC ~ELF-Rt:PAIR CONCEPT 

Th basic concept is illustrated in SN 2 (1). The overall equipment is part· ti<ined into self-repairable modules. Each of these consists of three to eight, (usually similar) circuit sections, and a single spare of appr ximately t ·.1e same COfft>lexity as one of the circuit sections. If built-in test equip­ment or external performance monitoring detects a fault in a given module, th faulty circuit section is el~ctronic&lly disconnected from the signal path and power supply, and the spare is switched in its place. The spare design is adaptive so that the original operatin~ circuit sections covered by a given spar~ may perform different functions. 

3. DESIGN TRADE-OFF 

The main factors to be consider .din the design of self-repair equipment are: • The nuri>er of self-rep~irable modules into which the equipment is to be partitioned. Each module should typically not be smaller than 100 logic gates or equivalent. 
• The nuri>e r of circuit sections into which each module is parti­tioned .J.nd which are covered by a single spare. More circuit sections r equire a smaller spare, but more multiplexers, and vice versa. The coq,lexity of the spare should typically not be less than 20 logic gates or equivalent. 
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Since no firm design guidelines for s ~lf-repair equipments presently exist, 
i : i::. ne cessary to compare different candidate designs as to the ir resultant 
t·l•lidhility, .. ·uml'll•xity, cost, s i. ze, wt1i1.1ht, .md powt•r con s u1nptio11, 11si11q . , 

,·,11111 •ut, •1- .1i.t, ·, I ,· I t ,• ,·t iv, •11, •:, : , .111 .1ly :,i :: . 

4. SELF-TEST AND Sl::Lf'-REPAIR HULTIPLEXI::HS 

The original c i rcuitry and spare are typically built-in, standard integrated 
circuit technology. The multiplexers, however, whi c- ,1 connect and disconnect 
the original circ~litry and the spares to and from the signal path and which 
adapt the spare to its various functions, require a new design. Analysis 
shows FET switches with IC drivers to be the most e ffective solution, and 
they have been used throughout this Study. 

The reliability analysis has shown that a single multiplexer failure must not 
cause the m:>dule to become inope1ative or nonrepAirable. This can be achieved 
by a serially redundant multiplexer which assures the ability to disconnect 
a faulty element, or keep the spare disconnected from the signal path when it 
is not needed. Any other overall module design ~hich makes its performance 
tolerant to a single multiplexer failur~ is equally acceptable. The various 
possibilities in this area have not yet been fully explored, leaving room for 
further development work. 

5. SELF-TEST AND SELF-REPAIR SOFTWARE 

The software required for self-repair ib similar to that of any built-in or 
e xternal fault location system, except that the code which identifies the 
fault position is now used to switch in the spare. In many cases, the fault 
l ocat i on software is greatly siDl)lified by using the spare itself to simul­
taneously locate and repair a fault. Thus only end-to-end testing of major 
l ogi c assemblies is needed to detect an overall malfunction. The spares are 
then successively rotated through all available positions, until the malfunc­
tion has been remedied. The spare position identifies the location of the 
original fault which can be later repaired during periodic preventive mainte­
nance , with only minimum or no downtime. (With suitable design, many f11ul ts 
can be repaired by circuit-board replacement without ~hutting down the equip­
ment power.) 
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6. TACt«>D DISPLAY SYSTEM REDESIGN FOR SELF-REPAIR 

To test the concept against a real-world situation, a modular Tactica l Situation 

Display System with approxiaately 3,000 microcircuits was redesigned for self­

repair. It was first partitioned into 124 self-repairable IIIOdules as shown in 

SN 6 (l). 

Each IIIOdule contains from three to eight original circuits. In 87 modules they 

are covered by a single spare, in 36 modules they are covered by two spares 

ea~h, and one a>dule contains three spares. Detailed logic drawings of the 

redesigned equipment have been delivered to RADC. The troubleshooting proce­

dure of the original equipment was used for fault location. Self-repair is 

acc0111plished by •ans of the self-repair control unit, whose front panel is 

shown in SN 6 (2). The operator first enters the address of the module ~o be 

repaired, and subsequently inputs the position which the spare is to assume 

within the module. The spdre is s~epped through all positions in the faulty 

module till the malfunction is corrected. 

In an e•rgency, a "quick-fix• procedure can be used whereby the spares of 

all a>dules are rotated t~rough all their positions in parallel until the 

mAlfunction ir corrected, requiring a maximum of only eight trials until any 

fault is repaired. 

1o assess the benefits derived froc and the pena tiez paid for the self-

repair design, a detailed effectiveness analysis has been carried out in which 

the reliability and the added coq>l xity, cost, size, weigl t, and power con­

swnption of the new equipment are coq>ared with those of th · original d sign. 

A sUDDary of the complexity (in multiples of IC gates), the failure rate, 

acquisition cost, power consumption and normalized size and weight for all 

original circuitry, all spares, and all multiplexers in each module is qiv•n 

in SN 6 (3). One observes an increase in complexity of 44 percent, an in­

crease in cost of 51 percent, an increase in power consw,ption of 27 pcrc •nt 

and an increase in size and weight of 63 percent. Much of the increase is due 
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SUB-Nl TE 6 (1) Schematic of Equ ipment Partitiu ing for elf-Repair 
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---Blank rectangles indicate original ci r cuit sections; s haded areas symbol i ze spares. The total TACMOD display equipment haE been partitioned into 124 modules of whi ch 87 are cove r ed by a single spare , 36 by t~ spares, and one module by three spares. 
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to th• a1ltiplext?rs, for which ~ssi•i s l t t: ( iyurt' s wen• wSSUR!d, s 1nt:c aulti­
plexers specifically optiaized for self-test and self-repair appli cations are 
presently ~t available. -n.. r liability of the redesigned equipa,nt has been 
alculated, using the reliability aodel of SN 6 (4)i the results ar~ shown in 

SN o ( 5) . The graph indicates that whereas the original equipment (N-1) had 
;l1l HT8F of approxiut~ly 500 hours, the self-repair system still has a pro­
babil i ty of mission success of 80 percent for a mission time of 2,000 hours; 
i.e., better thMl five parallel syste• in stand-by redundancy. The MTBF of 
th ~ new equipaent is therefore at least five times longer than that of the 
original equipaent. 

'nle equipaent is designed so that at any time a self-repair has been made, 
the orig1nal fault has been located for preventive maintenance. Even while 
the systea is still fully operational, preventive maintenance itself can be 
accomplished in such a shcrt tiae (by replacing the previously identified 
faulty board) that the avail.t>ility of the self-repair equipment is essen­
tially equal to unity, provided the equipment is accessible for rapid pre­
ventive maintenance at least once every 100 to 200 hours (assuming an MTBF 
greater than 2,000 hours, MTl'R less than 10 minutes). One also notices that 
with preventive maintenance every 100 to 200 hours of operation, a mission 
reliability of over 99 percent can be achieved for. a 100-hour mission. 

Thus the MT8F, the availability, and the mission reliability up to a mission 
time of several hundred hours are much higher in the self-repair equipment 
than in any non,redundant design. 

Also, the nUlllber of sp&res to be carried for preventive maintenance to support 
millsion ti•• up to 2,000 to 3,000 hours is greatly reduced. 

Finally, in properly designed self-repair equipment with high coaaonality, only . 
a small number of different types of adaptive logic modules will be used, 
which greatly siaplifies the logist ics support and lowers its cost . 
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SUB-NOTE 6 (4) Reliability Model and Equations for Self-Rf air Sys t em Wi th N Se lf-Repairable Module s in Series. 

Modul e i Module (i+l) 

- x. e l -x R . 
1 

( t ) = ( l+x . 
1 

) e i + 1 1+ 1+ 

X . = ( } . + I, . + I. . ) t l '0 1 1 m, 1 S,1 X . = ( A . + A . + }. . ) t 1+1 0 , 1+1 m, 1+1 s , 1+1 

' 0 M s 0 M s 

n 
R (t) = Il R. (t) Sy3tem 1 

i=l 

The individual modules are designed such that the first failure in the original circuitry, spare, or multiplexer does not r ender the module inoperative ornonrepairable. o, M, and S denote , riginal, multiplexer, and spare circuitry, r espectively. 
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--------------------------7 

SUB-NCYrE 6 (5) Comparison Between Reliabilities of N Parallel 
System.sin Standby Redundancy for N•l, ... 5, and Reliability of 
Self Repair System 

DN 10B1 
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CHAP 10 - MAIN'IENANCE CGNCEPT 
ON 1081 SECT 108 - SELF-REPAIR AND SELF-SUPPORT CONCEPTS 

7. DE!--J GN AND CONSTRUCTIO J OF SEU, -REPAJAAULE MlJLTIFUNL"l'l llN I All;ll ' IINl'l' 
To dcmonstr.itc the self-repair principle, a logi c unit has been designed and constructed which proves the validity of the design approach and shows that s e lf-repairable log ic equipment can be built efficiently with present micro-ircuit technology, except that it appears desirable to develop fully inte­grated special self-test and self-repair multiplexers. 
Specifically, a 4-bit paral lel arithmetic unit with TTL microcircuit logic has been selected as the demonstration circuit, with the complexity and capa­bili t y of one-quarter of a typical minicomputer (minus memory). It contains 72 microcircuit packages and its backplane holds l,JOO wirewrap connections. In addition to the four operating bits, two independent spare bits have been built into the unit which can be switched individually to take the place of any of the operating bits if these develop a fault. 

To be able to demonstrate the self-repair capability, manually movable jumper connections are used to create an op<· circuit, a short cir1,;ui t to ground, and a short circuit to 8+ for a total of 108 different faults. 
In addition, all microcircuits are mounted in sockets and can be removed to simulate additional malfunctions. These demonstration features, of course, increase the volume of the unit four to six times what it would be for a military self-repair equipment built in state-of-the-art flat-pack technology. The Self-Repair Multifunction Logic Unit has been equipped with interface circuitry and a connector to be operated by a Hewlett-~ackard computer, ~o show absolutely "hands-off" se:...f-test ;:ind self-repair capability as is pro­jected for any advanced avionics equipll'lent. 

The significance of a demonstration roodel is that it shows that the design con­cept~ fully aw~omatic self-repair can be implemented with today's technology to a point where it is absolutely clear that any avionic~ logic system could be designed and built to be self-repaired by an (always available) on-board central computer system. 

480 



CHAP 10 - MAINTENANCE CONCEPT ON 1081 SECT 108 - SELF-REPAIR AND SELF-SUPPORT CONCEPTS 

8. APPLICATIONS 

It appears that self-repair design would be beneficial to all future equipment 
si111>lY because of the reduced number of different types of spares required, 
tt,e reduced frequency of preventive maintenance, and the shorter MTI'R. 
Particularly advantageous is the ap roach when there is a premium on mission 
reliability, availability, and spares support. 

T~is includes avionics equipment critical to navigati0n , and foul-weath~r 
.1.anding aids, missile equipment with 100 percent avaiJ.a.oility requirement, 
equipment for re100t0-area operation with minimum maintenan=e facilities, and 
eq ipment for weeks of unattended operation. 

While the obvious application of the approach is to digital e~uipment, it 
also seems~~ be well suited for analog equipment with high commonality among 
nodules, such as phased array ant, -nnas. 

9. CONCLUSIONS 

This analysis has shown that the self-repair concept based on the switching of 
built-in adaptive spares is a technologically and economically viable concept 
which, for a maximum increase of 50 percent i n equipment, coffl)lexity, size , 
and acquisition cost, provides MTBF's and availability equal to those of at 
least five parallel systems in stand-by redundancy. It also greatly reduces 
the frequency of preventive/corrective maintenance and the number of different 
types of spares required. 
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CHAP 10 - MAINTENANCE CONCEPT 
ON 1082 SECT 108 - SELF-REPAIR AND SELF-SUPPORT CONCf'.PTS 

DES lGN NO'll:: > 1082 
SELF-SlJl'PUlfl' l)J~IWI' 

l. SUPPORT CONCEPTS INTRODUCTION 

There are three general supply concepts: (1) sparing at one level with periodic resupply; (2) sparing at mo~e than one level with periodic resupply; and (3) self-support (initial provisioning of spares for the planned equip­ment lifetime). Edch of these concepts can have variations in cycle periods (except self-support), levP. l of confidence, types of spares, and storage loca­tions. The self-support concept is ~asically the same as periodic resupply, with the cycle period equal to the planned equipment life. The selection of a support concept is based on achieving the desired level of equipment avail­ability at the lowest cost. Controlling factors are other elements of the overall maintenance concept and aspects of the support system that have been predetermined. 

2. SELF-SUPPORT 

The self-support concept involves a number of techniques by which sufficient spares are provited when the equipment is delivered to keep the equipment operational throughout its useful life. This can be accomplished by providing spare replaceable unitq separately, by mounting spare parts on each module of the equipment, or by providing sufficient redundancy to preclude equipment failure. With present circuit reliabilities and costs, the latter two methods will probably not be feasible in most applications. However, with certain types of equipment (highly repetitive part types (i ntegrated circuits) and high reliability), it may be feasible to provide spares as part of ~ach in­stalled module. 

'Ihe number of separate spares required initially to ensure (to a d£sired level of confidence) that there will be no equipment downtime from lack of spares 

482 
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has been calcu.Lat ed for v rious· unit reliabilities and equipment comple xi ti s . 
The cal cwlations are based on an assumption of a constant failurH rate for the 
parts under consi1eration; the probability, then, of having~ or fewer fail­
ures in time ~ is given by 

where 

P (r) -
N • numbe1· of failures 

A• failure rate of parts being considered 
t • operating time 

SN 2 (1) illustrates the results of these calcul~tions for an equipment life 
of 2 x 104 

hours (approximately 2 years). '11le captions used in the table are 
defined as follows: 

Eg,uipment Life - Required equipment operating life (hours) 
Part MT8F, Hours - Mean time between failures (hours) of each part 

Probability Level - Probability that the equipment will not have any 
failures for which a spare part is not available 
during the required equipment life 

Total Parts per Equipment - 'fhe total number of parts 

used in the equipment 
Number of Part Types - Number of different types of parts used in the 

equipment 

TWo numbers appear for each probability level listed in the table . The upper 
number is the number of spare cir cuits required for maximum use of a single 
circuit type. For exalll)le, if the equipment contains a total of 100 circuits 
of 10 different types, the upper number represents the spare circui t s required 
when one circuit type is used 91 times and each of the other 9 types is used 
once. The lower number. :-epresents the number of spares needed for equal use 
of all circuit types. While these two situations may not necessarily corres-

483 
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pond to the part-type combinations for allsolute maximum and mini111um sparl!­
parts requireanents, they do represent extremes that will include aost cont>i­
nations of part types. 

The use of the table is illustrated .low, with the following conditions 
assumed: 

• Required equipment life: 4 2 x 10 hours 
7 • Part MTBF. 10 hours 

• Probability level: 0.99 

• Total parts psr equipment: 5,000 
• Number of circuit types: 250 

The part MTBF is located in the first column. The probability level is 
located next in the second column. The "total parts per equipment" is located 
under one of the next six major colUJM headings, and under this column for the 
number of circuit types is located. Thus the two spares quantities for the 
conditions assumed are listed as 500 and 266. These numbers correspond to ex­
treme combinations of circuit-type usage, and most usage will fall between 
these two extremes. 

No more than 15 percent of the total equipment parts would be required as 
spares for either e·,treme combination of circuit types. Two other points are 
of interest: (l) there is little difference in the spare-parts requirements 
for probabilities of equipment survival of 0,90, 0.95, and 0.99; and (2) the 
spares requirement usually increases at a slower rate than the number of cir­
cuits. 

Self-support c~n also be accomplished by providing at least one spare for each 
part type in~ n:>dule. These spares are mounted in the same manner as the ac­
tive circuits and can be used to replace failed IC's by soldering jUq>er wires. 

484 



A
 

a
, 

V
I 

SU
B

-N
O

T
£ 

2 
.1

 (
1

 l 
S

~
•r

e
 
P

a
rt

• 
ll

a
q

u
1

r•
-n

ts
 

ro
r 

~
g

1
s
t1

c 
S
e
lr

-S
U

ff
'O

rt
 

I 
(E

q
u

1
..

,.
 •.

 ~ 
L

i f
• 

• 
2 

X
 

10
4 

H
o

u
rs

) 

T
o

ta
l 

P
a
rt

s
 
p

e
r 

T
o

ta
l 

P
a
rt

• 
p

e
r 

T
o

ta
l 

P
a
r
t•

 
p

e
r 

T
o

ta
l 

Pa
r
t•

 
p

er
 

-
P

c
o

b
a

b
1

ll
ty

 
E

q
u

1
p

r-
«

n
t

: 
1

0
0

 
E

q
u

•
-
n

t
: 

5
0

0
 

lq
ll

1
p

a
9

n
t

: 
1

00
0

 
E

q
u

1
p

a
9

n
l

: 
SO

O
O

 
lf

fl
lF

 
IA

W
la

 
~
 

Ho
u

rs
 

N
,_

,.
, 

o
r 

P
, 
tt

 
't

y
p

es
 

N
.-

r
 o

f 
P

a
r
t 

'l'
fp

e•
 

N
-
•
 o

f 
P

a
rt

 
T

y
p

e•
 

N
..

-
r
 o

f 
P

a
rt

 
'I

Y
i»

• 
~
 

1 
10

 
1

0
0

 
1 

10
 

10
0

 
n

o
 

so
o 

l 
10

 
10

0
 

2S
O

 
so

o 
I 

10
 

10
0

 
2

5
0 

5
0

0
 

.5
0 

2
0

 
40

 
2

0
0

 
10

0
 

1
5

0
 

40
0

 
7

5
0

 
10

0
0

 
1

20
0

 
2

7
0

 
6

0
0

 
10

0
0

 
1

5
0

0
 

10
0

0
 
ll

 5
0

 
18

~
0 

2
7

5
0

 
)5

0
0

 
-

2
8

 
-

-
l O

<J 
2

7
9

 
55

1 
-

-
J
l

O
 

)
8

0
 

6
5

) 
l
l
l

O
 

-
10

14
 

ll
!D

 
14

6
1 

1
9

)5
 

.7
5 

2
3

 
5

0
 

20
0

 
10

7
 

l o
O

 
5

0
0

 
7

5
0

 
15

0
0

 

1

2
0

9
 

2
9

0 
7

0
0

 
1

2
50

 
2

0
0

0
 

1
0

21
 

ll
'JO

 
P

l)
(
)
 

2
7

5
0

 
4

0
0

0
 

-
J
i 

-
-

11
 J

 
• 

2
8

7
 

5
6

9
 

-
-

2
2

4 
l '

U
 

t.
84

 
1

6
0

9 
-

10
4

4
 

! 2
0

9 
1

5
4

0 
2

0
4

 
10

5 
.9

0 
2

6
 

6
0

 
)0

0
 

11
1 

l f
iO

 
5

0
0

 
10

0
0

 
1

5
0

0
 

2
ll

i 
JO

O
 

11
0

0
 

1
2

5
0 

2
0

0
0

11
0

41
 

12
}0

 
2

0
0

0
 

)0
0

0
 

4
5

0
0 

-
4

2
 

-
-

1
1

0 
JI

N
 

8
1

8
 

-
-

2 
JS

 
4

\l
5 

'H
J

 
l b

l
2 

-
l u

~9
 

1
1

1
8

 
17

11
9 

2
4

4
1

 
.9

5
 

2
7

 
6

0
 

)
0

0
 

1
1

7
 

1
90

 
6

0
0

 
10

0
0

 
1

5
0

0
 

2
2

) 
)I

O
 

IIO
O

 
1

2
5

0 
2

0
0

0
,1

0
5

2
 

1
2

6
0 

2
0

0
0

 
J2

5
0

 
4

5
0

0
 

-
44

 
-

I 
-

! 
)4

 
)
9

)
 

8
1

8
 

-
-

2
4

1 
5

0
0

 
9

)
)
 

16
1

8
 

-
10

72
 

1
))

1
 

1
7

8
9

 
2

4
5

8
 

.9
9

 
3

0
 

8
0

 
) 0

0
 

I 
1

2
4

 
2

0
0

 
6

0
0

 
1

2
5

0
 

2
0

0
0

 
2

))
 

)2
0

 
9

0
0

 
1

5
0

0
 

2
5

0
0

 
10

7
4 

1
)0

0
 

2
1

0
0

 
)5

0
0

 
5

0
0

0
 

I 
1

4
9

 
2

1
2

0 
I 

-
4

5 
-

-
40

1
 

! O
f>

 7
 

-
-

2
5

9
 

S
il

 
ll

tl
2

 
-

1
1

0
0

 
I 

3
6

0
 

2
0

)8
 

2
9

6
8

 
-

.s
o 

2 
1

0 
1

0
0 

IC
 

JO
 

10
0

 
2

5
0

 
5

0
0 

I 
2

0
 

4
0 

2
0

0
 

5
0

0
 

5
0

0 
10

0
 

1
5

0
 

4
0

0
 

7
5

0
 

1
0

0
0

 
-

2 
-

-
10

 
10

7
 

2
5

4 
-

I 
-

21
 

1
1

7
 

2
M

 
5

0
9

 
-

1
0

2
 

1
9

7
 

)4
4

 
5

9
0

 
. 

75
 

3 
10

 
10

0
 

I 
1

2 
30

 
2

0
0 

2
5

0
 

5
0

0
 

I 2
3

 
5

0 
n

o
 

5
0

0 
1

0
00

 
1

0
7 

1
6

0
 

5
0

0
 

7
5

0
 

1!
>0

0 
-

4 
-

-
14

 
10

9
 

2
5

6
 

-
-

2
5

 
1

2
0 

2
6

7
 

5
1

2
 

-
1

1
3

 
2

0
4 

)5
1

 
5

9
8

 
10

6 
. 9

0
 

4 
2

0
 

1
0

0
 

14
 

40
 

2
0

0
 

5
0

0
 

S
O

'l 
26

 
6

0
 

)
0

0
 

so
o 

10
0

0
 

1
1

) 
1

8
0

 
5

0
0 

1
0

0
0

 
1

5
0

0
 

-
l
)
 

-
-

23
 

11
1 

2
S

8 
-

-
)5

 
1

2
1

 
2

7
0

 
5

1
7

 
-

1
2

2
 

2
1

1
 

}6
0 

6
1

) 

I 
.9

5
 

5 
JO

 
1

0
0

 
1

5 
40

 
1

0
0

 
5

0
0

 
10

0
0

 
2

7
 

6
0

 
JO

<;
 

5
0

0
 

10
0

0
 

1
1

7
 

1
9

0
 

6
0

0
 

1
0
0

0
 

1
50

.J
 

-
1

3
 

-
-

2
4 

11
 J

 
26

1 
-

-
J6

 
1

2
5

 
2

7
5 

10
16

 
-

1
2

6
 

2
1

6
 

37
2 

1
11

2 
I 

I 
6 

JO
 

2
0

0
 

' 
1

8
 

5
0 

JO
O 

5
0

0
 

10
0

0
 

) 0
 

8
0

 
J

OO
 

7
5

0
 

10
0

0
 

1
2

4
 

2
0

0
 

6
0

0
 

1
2

5
0 

2
0

0
0 

.9
9

 
-

I 
-

1
5

 
-

-
2

7
 

2
1

) 
5

1
0

 
. 

)
'l
 

2
2

6
 

5
2

4 
10

16
 

-
U

l 
)1

9
 

6
2

1
 

1
1

1
2

 
.s

o 
0 

0 
0 

I 
1 

1
0

 
1

0
0

 
2

5
0

 
so

o 
I 

2 
10

 
1

0
0

 
2

5
0

 
5

0
0

 I 
1

0
 

JO
 

1
0

0
 

25
11

 
5

0
0

 
-

0 
. 

-
I 

l 
I 

-
. 

2 
2 

3 
5

0
0

 
-

1
0

 
1

1
 

12
 

5
o

a
 

. 
75

 
0 

0 
0 

I 
2 

1
0

 
1

0
0 

2
5

0
 

5
0

0
 

l 
1

0
 

10
0 

2
5

0
 

5
0

0
 I

 
1

2
 

3
0

 
2

0
0

 
2

5
0 

5
0

0
 

-
C,

 
-

I 
-

2 
2 

2
5

0 
-

I 
. 

) 
4 

2
5

2
 

5
0

1 
I 

-
1

2
 

u 
2

6
1

 
51

0 
l

J 
7 
i 

.9
0

 
l 

1
0

 
1

0
0 

2 
1

0 
1

0
0

 
2

~
0

 
50

0 
4 

2
0 

10
0

 
2

5
0

 
5

0
0

 
1

4
 

40
 

2
0

0
 

S'
lO

 
5

0
0

 
-

l 
. 

-
2 

10
1 

2
5

0 
-

. 
4 

10
) 

2
5

2
 

5
0

1 
-

14
 

1
1

) 
2

6
) 

5
1

2
 

I 
1 

1
0

 
1

0
0

 
J 

10
 

10
0

 
2

5
0

 
5

0
0

 
' 

5 
2

0
 

1
0

0 
2

5
0

 
5

0
0

 
1

5
 

40
 

2
0

0
 

5
0

0
 

1
0

0
0

 
I 

.,1
5 

I 
:; 

i 
10

) 
I i

 
1

1
~

 
2

6
4

 
-

-
-

1
0

1
 

2
5

1
 

-
. 

s 
2

5
J 

!>
0

2 
-

S
il

 
i 

.9
9

 
2 

1
0 

10
0

 
4 

2
0

 
1

0
0

 
2

5
0

 
5

0
0

 
I 

-6 
JO

 
2

0
0 

2
5

0 
5

0
0

 
1

8
 

so
 

J·
...

,u
 

so
o 

1
0

0
0

 
-

1
1

 
-

-
1

3
 

1
0

2
 

2
5

2
 

-
IS

 
10

5
 

2
5

4
 

S
O

J 
-

27
 

1
1

7
 

2
6

6
 

5
1

6
 

0 
0 

0 
0 

0 
0 

0 
0 

I 
10

 
1

0
0

 
2

5
0

 
so

o 
4 

2
0

 . 
I C

O
 

2S
O

 
5

0
0

 
I 

. s
o 

I 
-

0 
-

-
0 

0 
0 

-
-

I 
I 

1 
-

4 
• 

s 
6 

.7
5

 
0 

0 
0 

1 
10

 
1

0
0

 
2S

O
 

5
0

0
 

I 
1

0 
1

0
0

 
2

5
0

 
so

o 
6 

2
0

 
1

0
0

 
2S

C
 

so
o 

-
0 

-
-

1 
I 

1 
-

-
1 

2 
2 

5
0

0
 

-
6 

6 
8 

so
s 

··"
 

0 
0 

0 
I 

10
 

1
0

0
 

2!
hJ

 
5

0
0

 
2 

1
0

 
10

0
 

2
5

0
 

5
0

0
 

7 
3

0
 

1
0

0
 

2
5

0
 

5
0

0
 

. i
O

 
-

0 
-

-
I 

2 
2

5
0

 
-

-
2 

3 
2

5
1

 
5

0
0

 
-

7 
, 

2
5

7
 

5
0

6
 

I 
1

0
 

1
0

0
 

2 
10

 
1

0
0

 
2S

O
 

5
0

0 
J 

10
 

1
0

0
 

2
5

0
 

5
0

0
 

I 
JO

 
2

0
0

 
2

5
0

 
5

0
0

 
. 9

5
 

-
1 

-
-

2 
1

0
1

 
2

5
0

 
-

-
3 

1
0

2
 

2
S

l 
SO

I 
-

I 
1

0
1

 
2

5
7

 
5

0
7

 
·""

 
I 

1
0

 
1

0
0

 
) 

1
0

 
1

0
0

 
2

5
0

 
S

0
0

 
• 

2
0

 
1

0
0

 
2

5
0

 
so

o 
1

0
 

4
0

 
2

0
0

 
5

0
0

 
1

0
0

0
 

-
2 

-
-

3 
1

0
1

 
2

5
1

 
-

-
s 

1
0

2
 

2
S

2
 

S
0

2
 

. 
1

2
 

1
0

9
 

2
5

9
 

SO
I 

T
o

ta
l 

P
a

r
t•

 
p

er
 

E
q

u
1

,-
n

t
: 

10
,0

0
0

 

1 

N
-
r
 o

f 
P

a
rt

 
T

y
p

e•
 

I 

1 
1

0 
1

0
0

 
2

5
0

 
5

0
0

 

2
0

0
0

 
2

2
1

0
 

)1
0

0
 

4
2

5
0 

5
S

%
 

-
2

0
1

7
 

2
1

8
5

 
2

4
6

7
 

2
9

5
1

 
20

3
0

 
1

2
7

0
 

)J
O

O
 

4
5

0
0

 
6

0
0

0
 

-
~

o
 2

2
2

1
 

2
5

7
9

 
)4

5
0 

W
5

7
 

2
))

0 
)2

0
0

 
4

5
0

0
 

6
5

0
0

 
-

2
0

7
6

 
2

))
6

 
28

21
1 

M
fJ

V
 

2
0

7
4 

2
3

7
0 

)
)0

0
 

4
7

5
L

 
6

5
0

0
 

-
2

0
9

5
 

lJ
S

J
 

2
1

2
8

 
)4

1
5

 
2

1
0

4 
2

0
0

 
•~

:,
o

 
5

0
0

0
 

7
0

0
0

 
-

2
1

3
1

 
2

3
9

4
 

)0
7

7
 

eo
oo

, 
2

0
0

 
70

 
6

0
0

 
1

0
0

0
 

1
5

0
0

 
-

2
0

) 
29

7 
4

4
5 

6
'1

 
20

9 
2

9
0

 
7

0
0

 
1

2
0

0
 

2
0

0
0

 
-

2
1

1
 

JO
I 

4
5

5
 

7
0

2
 

2
1

1
 

3
0

0
 

l
l'

0 
1

2
0

v
 

2
0

0
0 

. 
2

2
7

 
1

:1
 

4
6

7 
7

2
4

 
I 

2
2

)
 

J
!

O
 

8
0

0 
1

2
0

0
 

2
0

0
0

 
-

2
))

 
32

4 
41

4
 

1
2

n
 
I 

2
3

) 
)2

0 
9

0
0

 
1

5
0

0
 

1
5

0
0

 
. 

24
1 

4
2

9
 

7
J
) 

1
2

2
 l 

2
0

 
4

0 
2

0
0

 
5

0
0

 
50

0
 

-
2

0
 

')
 I 

2
J
 

5
1

1
 

2
) 

!,
()

 
2

0
0

 
5

0
0

 
1

0
0

0
 

-
2

) 
2

6
 

il
l 

5
2

1
 

2
6

 
6

0
 

)0
0

 
5

0
0

 
1

0
0

0
 

-
2

6
 

1
2

5
 

2
1

4
 

5
2

4 
2

7 
6

0
 

)0
0

 
so

o 
1

0
0

0
 

-
2

1
 

1
2

6
 

2
7

6
 

S
2S

 
)0

 
8

0
 

JO
O

 
7!

,0
 

1
0

0
0

 
-

3
9

 
1

2
9

 
2

7
9

 
5

2
1

 
9 

2
0

 
1

0
0

 
2

5
0

 
5

0
0

 
-

9 
9 

1
0

 
11

 
11

 
)
0

 
2

0
0

 
i~

 
50

0 
-

11
 

12
 

14
 

5
1

0
 

I
)
 

4
0 

2C
O

 
5

0
0

 
5

0
0

 
-

u 
ll

 
M

l 
5

1
1

 
14

 

-2
0

0
 

5
0

0
 

1
0

0
0

 
-

14
 

u
s 

2
6

J 
S

U
 

1
7

 
5

0
 

)
0

0
 

5
0

0
 

1
0

0
0

 
-

11
 

11
5 

2
6

5
 

S
l5

 

(I
) 

("
) 

~!
 

....
....

 
o

O
 

er
 

I (I
) 
~ 

rlJ
M

 

~~
 

!~
 

1-
4 

r'2
 

,., ~i
 

(I
) 
e 

e
➔ 

I en
 -= "" ~ ?i ("

) ~ r'2
 ~ (I

) 

0 z .... 0 tJ
, 

IV
 



CHAP 10 - MAINTENANCE CONCEPT DN 1082 
SECT 108 - SELF-REPAIR AND SELF-SUPPORT CONCEPTS 

f'o r l.1 rqc- sc.1lc irttcqrat ion, s pare circ uit t! lt•mt•11l s c, 111 IJt• prov id •ti lhat ,., , _ 

place the operating devi ces through external jumpers. kedundancy can be used 

as d self-support method by providing two or more IC's or LSI's for each 

device required by the equipment. With proper selection of the redundancy 

configur ... tion and with a !lufficient nunt>er o f alternate paths, an equipirent 

c~n be designed to have a very low probability of failure during its use f ul 

life. In applying redundancy to IC's, extreme caution is necessary to en~ure 

that cer~ain failure modes do not cause failure of the alte rnate paths or 

associated circuits. 
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CHA? 10 - MAINTENANCE CONCEPT SECT lOC 

MULTIPLEXER SET MAINTt:NANCt:.: ~UNl'l::l'T I\NU I\GI:: kEl_!U 1 Kt-:MEN1'S t:.:XAMl'LE 

This section contains an eX41Y1>le of the maintenance concept for the "lulti­
plexer Set •nd an exaq>le of the data generated for AGE requirements. 
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SECT lOC 

HUL1'1 PLl-:XI·:~ Sl-:'I' MI\IN'l'l·:NJ\Nl'I•: l 't>Nl 't·:1-r I\N1 , - - - - - -- -- - --------- ____ _ l\t a•: 1,1-:}.'ll l l, l-:Ht-:N'l'! : l :XJ\Ml ' I.I·: 
DESIGN NOTE 11.k:l - MULTIPLEXER SET EXAMPLE OF THE MAINTENANCl:: CONCt;PT 
1. MAINTENANCE PHILOSOPHY 
2 . EQUIPMENT FEATURES 

3. MAINTENANCE CONCEPT 

3. 1 Operator and Organizational Level Maintenar.~e 
J. 2 Intermediate Level Mainten&nce 
3.3 Depot Level Maintenance 

DESIGN NOTE l0C2 - MULTIPLEXER SET EXAMPLE OF ACE REQUIREMENTS 
1. GENERAL 

2 . EQUIPMENT CRITERIA-ACE RELATIONSHIPS 
2 (1) Yearly Corrective Tasks 

3. SUMPTIONS Pl::RTINENT TO AGE SELECTION 
4. MAINTENANCE GROUND AREAS 
4.1 Operating C0111plex 

4.2 Depot 

S. MAINTENANCE FUNCTIONS 
5.1 Operating Complex Maintenance FWlctions 
5.1.l Organizational Maintenance Functions 
5. 1.2 Organizational Maintenance AGE 
S .1. 3 Intermediate Maintenance Function• 
5.1.4 Intenl9diate Maintenance AGE 
5.1.S Depot Maintenance FWlctions and AGE 
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CHAP llJ - MJ.NTENANCE CONCEPT DN lOCl SECT lOC - iiOLTIPLEXER SET MAINTENA.t«:E CONCEPT MID 
AGE REQUI REMDrts EXAMPLE 

DESIGN tllTE lOCl 

l. MAINTENANCE PHILOSOPHY 

MULTIPLEXER SET EXAMPLE OF THE 
MAINTENANCE CONCEPT 

The baaic aaintenance philosophy for the Multipl xer Set i s based upon the 
detection, isolati on, and replaceaent of failed subassCllblies in the field. 
To this end, t he equipaent incorporates autoaated and semiautomated d i agnostic 
circuits and i highl y IK>dular packaging arrangement. Combined, these char­
ac-teristics enable correcti on of approxi ir1e1tely 95 percent of all failures via 
subassefflbly exchange. Reaaini ng failures will occur in discre te chassis­
mounted components and in replaceable subasseablies not t reated by the diag­
nostic function. Correction of failures in these i tems will entail conven­
tional troubleshooti ng and repair techniques. 

Failed discrete coaponents are considere1 nonreparable. MalfWlctioning sub­
asseablies may be repaired to the discrete component level, provided the 
repairing activity is equipped with appropriate fault isolation and testing 
equipaent. 

2. EQUIPMENT FEA'nJRES 

The Multiplexer Set incorporates built-in fault detection and isolation pro­
visions, modular packaging arrangeaents and maintenance aids such as test 
points and jacks. fllese features pendt equipment maintenance with a mean 
corrective time (Met) of 12.0 minutes, and a maximum corrective time (Mmax ct) 
of 36.0 minutes (95th percentile). flle built-in fault isolation provisions 
enable fault isolation to a card or module level vithout the use of s~ecial 
instruction bot.>ks or charts. The stability and reliability of the equipment 
is such u to require a minim1a of auxiliary AGE for operation or alignment. 
C\;Z'rent reliability predictions indicate a ..aan time between failures (MTBF) 
of 2507 hours. The required MTBF is 2200 huurs. The design of the Multi­
plexer Set enables performance of required p"ventive maintenance without 
incurring equipment downtiae. 

489 



CHAP 10 - MAINTENANCE CONCEPT 
SECT lOC - MULTIPLEXER SET MAINTENANCE CONCEPT AND 

AGE REQUIREMENTS EXAMPLE 

3. MAINTENANCE CONCEPT 

3.1 Operator and OrganizaHon Level Maintenance 

L>N lCX:l 

The MTBF and Met deaands of the Multiplexer Set dictate that low-level mainte­
nance by the operator using built-in faul t isolating diagnostics, be effective 
95 percent of the tiae. Skill in using this capability is necessary, along 
with an ability in setting up equipment, analyzing performance, and initiating 
actions to correct malfwictions. 
a. Corrective maintenance dt the organizational level is performed, using 
built-in diagnostic functions for the detection and isolation of equipnent 
malfunctions. lu!pai r is accomplished by replacement of modular subassemblits. 
b. Preventive ;iaintenance at the organizational level is performed by •ans 
of periodic self-test of integral diagnostic circuits. Scheduled viaual in­
spection and required cleani~ operations are performed, as well as replace­
ment of items having predictable service life characteristics. 

J.2 Intermediate Level M&intenance 

Skill in operation, equipnent con figurat.ion, and use of built-in fault-finding 
capability of the equipment is mandatory. In addition, manual diagnosis of 
the multiplexer set is required in the correction of malfunctions not detected 
and/or correctly isolated by the integral diagnostic provisions. This diag­
nosis will entail the examination and analysis of high speed switching logic 
waveforms and logic t iming relatior.ships. 

Skill in performing periodic calibration of refe rence timing sources in the 
multiplexer and demultiplexer units will be required to assure continued bit 
rate integrity. 

It is cons i dered that limited corrective maintenance of the wiring plane will 
be required over the Multiplexer Set service life. This maintenance may i n­
clude the removal/replace•nt of malfunctioned connector pins, and will there­
fore require skill in the connection/disconnection of selected signal wires, 
using wire-wrap repair techniques. 
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CHAP 10 - MAINTENANCE CONCEPT 
SECT l0C - MULTIPLEXER SET MAINTENANCE CONCEPT ND AGE REQUIREMENTS EXAMPLE 

DN l0Cl 

The preprogranwed nature of the built-in diagnostic circuits is s uch that the source of a detected fault will always be noted as one or more readily re­placeable subassemblies. This precludes a proper display of fault location for those infrequent cases where interconnecting wiring or hard wir ed com­
ponents have malfuncti oned. Skill in the detailed isolation of such mal­
functions will be required, using conventional waveform, continuity, voltage 
and resistance measurements. 
a. Corrective maintenance at the intermediate shop level is performed by 
isolation and repair cf malfunctions occurring in components and subassemblies not treated by the integral diagnostic functions. Fault isolation is accom­p l ished by using reference material contained in the equipment technical 
manual. This material is comprised of "cause-effect" tabulations and conven­tional theory, and schematic an1 wiring data. Such isolation may entail the use of standard test equipment such as meters and oscilloscopes. Repair is via subassembl and/or discrete component replacement as applicab e. Isola­tion and repair is performed while equipment is in its normally installed position. 

b. Preventive maintenance at the intermediate shop level is performed by 
periodic calibration and required adjustm nt of equipment re f •rence timing sources . 

3.3 Depot Level Maintenance 

With the possible exception of replaceable module or subassembly repair, 
requirements for routine depot level maintenance are not anticipated. Recom­mendations regarding disposition of such mo ules or subassemblies will be 
prepared upon the asis of an analysis of design details available during the 
latter stages of the Multiplexer Set development cycle, and upon guidance 
provided by the procuring activity. 
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CHAP 10 - MAINTENANCE CONCEPT 
SECT lOC - MULTIPLEXER SET MAINTENANCE CONCEPT AND 

AGE REQUIREMENTS EXAMPLE 

DN 10C2 

MULTIPLEXER SET EXAMPLE OF /\< ;t•: 
DESIGN NCYl'E l0C2 REQUll-0::MENTS 

1. GENERAL 

Mc1i nte n.:11H.:0 requirements dictate the inc.:orpordlio11 of buill-in fault de t ecbo11 
and i sol.:iti on provisions, modular packagi11y drrangemcnts , and maintenance aid:; 
such as test points and jacks. In combination, these provisions mus t enable 
equipment maintenan ce within a mean corrective maintenance time (Met) of 12.0 
mi nutes, and a maximum corrective maintenance time (M ) of 36.0 minutes max ct 
(95th ~ercentile). Built-in fault i sol ation provis i ons must enable failure 
isolation to a small section of the equipment without the use of instruction 
books or charts. Further, the stability and reliability of the equipment must 
be such as to require a minimum of auxiliary AGE for operation or alignment. 
A mean time betwee n failures (MTBF) of 2200 hours is required. If possible, 
the design shall enable required preventive maintenance without incurring 
equipment downtime. Mechanical a r angement of the equipment m~st enable 
removal of major equipment components or modules without requiring the i r dis­
assembly or the use of special tools. 

2. EQUIPMENT CRITERIA-AGE RELATIONSHIPS 

From the preceding discussion of equipment criteria having maintenance impact, 
several factors can be concluded: 

a. Equipment maintenance to the module (or pri nted circuit card) level must 
be a s i mple, expedient process. 

b. This process must be tailored to the utili zati on of maintenance personnel 
having limited training and/or exposure to the Multip lexer Set equip1r,~:,t. 
c. Allowable maintenance times dictate an ef fectiveness of bui lt-in fault 
isolation and detection provisions in the 95 percent range. 

The above factors, when viewed in terms of the specified MTBF, indicate that 
the average interval between corrective maintenance requirements for noninte·­
gral test equipments is approximately 30,800 operating hours, or more than 3.5 
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AGE REQUIREMENTS EXAMPLE 

DN 10C2 

years. Where more than one multiplexer set is used at a given location, this 

interval decreases linearly as a function of quantity. SN 2(1) epicts the 

expected number of corrective maintenance actions per year requiring noninte­

gral test equipments as a fWlction of single location multiplexer set quan­

tity. 

The average quant.t ty of multiplexer sets per operating location is expected to 

be five or lesc . With such a situation, SN 2( 1 ) indi cates a total of approx­

imately 1.4 failures/year/site involving the use of external AGE. Preventive 

maintenance tasks, such as cal i bration of reference timing signals, are ex­

pected more frequently than those of a corrective nature; hO'tiever, specific 

intervals remain Wldefined, pending further design detail. 

Because the Multiplexer Set is but one of many equipments employed in the 

overall Defense Communications S~stem, it is reasonable to expect the presence 

of other related equipments at a given operating location. On this basis, 

with appropriate consideration for the minimal AGE utilization demands which 

the Multiplexer Set imposes, it would appear highly advantageous to share 

existing ,on location) AGE to the greatest extent possible. On the other 

hand, because the Multiplexer Set is a digital time divi sion multiplexing• 

equipment, intern3l switching speeds and data bit rates enployed may exceed 

the capabilities of standard and common AGE available at existing operating 

locations. These two offsetting considerations are expect ed to impact subse­

quent recommendations for the Multiplexer Set AGE. 
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SUB-NOTE 2 (1) Yearly Corrective Tasks 
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I I 
10 11 12 13 14 15 

._ _________ Equipment Sets/Operating Site------------t► 

3. ASSUMPTIONS PERTINENT TO AGE :JELECTION 

Detailed Multiplexer Set deployffl'~nt and utilization planning information 

remains to be defined. Since the selection and recommendation of AGE must 

consider such factors, certain assumptions are required t.o permit initiation 

of the AGE selection effort. 
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ON 10C2 

The following is a listi ng of assunptions used in preparation of ·this docu­ment, and to be used in subsequent AGE selcct~on efforts. The list content is preliminary and subject to revision based upon procuring activity dire ,:tion . a. Me an time be tween failures (MTBF) of the Multiplexer Set and ancillary equipments comprising the Multiplexer Set is 2200 hours. 
b. Built- in fault detecti on and i solat ion features are effective for 9~ per­cent of all f ailures. 
c . An average of five Multiplexer Set equipments will be located at a given operating location. 
d. Operating sites are located worldwide. Quantity of such sites may exceed 100. 

e. Operating locations pos~ess existing field level maintenance resources for equipments of a related type. Maintenance of the Multiplexer Set .,;an involve utilization of these facilities on an "as required" basis. f. Organizational and intenaediate level maintenance functions may be perfonaed while the Multiplexer Set equipment is physically and electrically installed within its normal operating facility. 
g. Sele ction of standard and common items of AGE will be made from the following ~ources in the order of preference listed: 

• MIL-HDBK- 300 

• USAF Specification Bulletin 140 
• Other military sources identified by the contractor or the procuring activity 

• Col'llllercial sources 
h. Reconnendations for any AGE peculiar to the Multiplexer Set will be made consistent with one or more of the following criteria: 

• Need for the item is established by contractual requirements. • Need for the item is dictated by peculiar physical or electrical desig~ characteristics which preclude utilization of standard and common items. 
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SECT lOC - MULTIPLEXER SET MAINTENANCE CONCEPT AND 

AGE REQUIREMENTS EXAMPLE 

• llsl' of the item would offer support re source economy over the 
Mult ip l,•xcr Se t li fc cycle. 

DN lOC2 

i. Overhaul of the Multiplexer Set will not be required during the specified 
interval of useful life. 

j. Equi 1..ent operating locations/sites will consist of: 
• Central office-type coq,lexes equipped with pt"rmanent equipment 

shelters. 

• Remote sites with transportable vru1-type equipment shelters. 
k. In addition to the Multiplexer Set equipments, operating locations/sites 
wi 11 possess: 

• Other operating equipments of. similar or related type and function. 
• Supporting elements such as supply and PMEL units. 

l. Electrically powered AGE should be operable from those power sources em­
p loyed by the Multiplexer Set equipment. 
m. Each Multiplexer Set operating site will be provid~d with sufficient AGE 
to enable field level isolation of malfunctions not isolated by built-in auto­
matic test provisions. 

4. MAINTENANCE GROUND AREAS 

4.1 Operating Complex 

Corrective and preventive mai tenance associated with the Multiplexer Set will 
be performed while the equiplnl.'?nt is installed within its normal operating com­
plex. This maintenance will be accomplished by pe sonnel representing both 
organizational and intemediate level el•ents, dependent upon task type and 
canplexity. 

4.2 Depot 

With the possible exception of replaceable module or subassembly repair, 
requirements for routine depot level maintenance are not anticipated. Recom­
mendations regarding disposition of such modules or subassemblies will be pre-
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ON lOC2 

pared based upon an analysis of design details available during the latter 

stages of the Multiplexer Set development cycle, and upon gui~ance provided by 

the procuring activity. 

5. MAINTENANCE FUNCTIONS 

As discussed in previous paragraphs, the majority of the Multiplexer Set 

corrective maintenance will be accomplished by us i ng fault detection and iso­

lation capabilities integral to the equipment design. Incorporation of such 

capabilities is dictated by both quantitative and qualitative performance 

requirenients as set forth in the contract work statement and technical speci­

fications. 

There is, however, a requirement for ancillary AGE in the accomplishment of 

the Multiplexer Set maintenance. T:1is AGE will be used for four basic pur­

poses: 

• Isolation of failures not t reated by integral testing 

provisions. 

• Repair and/or replacement of malfunctioning items. 

• Routine inspection and cleaning. 

• Periodic adjustment and/or certification of intt~rnal 

operating signals. 

The following paragrap~< address the utilization of AGE for these purposes at 

each maintenance ground area and echelon. 

5.1 Operating Complex Maintenance Functions 

5.1.1 Organizational Maintenance Functions 

Organizational l~,el maintenance functions performed within the operating 

complex are as follows: 

• Isolation of equipment failures using built-in fault 

isolation provisions. 

497 



CHAP 10 - MAINTENANCE CONCEPT 
SECT lOC - MULTIPLEXER SET MAINTENANCE CONCEPT AND AGE REQUIREMENT5 EXAMPLE 

• Repair of failures thua isolated. 
• Periodic inspection ar ~ cleaning of a routine nature. 5.1.2 Organizational Maintenance AGE 

DN lOC2 

Accomplishment of the respective organizational maintenance functions listed 
in paragraph 5.1.l will require the following AGE: • No AGE required. 

<> Tool kit, radar and radio, FSN 5180-690-4452 (or equivalent). 

•Toolkit, radar and radio, FSN Sl80-690-44Si (or equivalent). 

5.1.3 Int•mediate Maintenance Functions 

Interaodi•te l• .. l .. intenance !unction• perfo-,s within the operating cm,plex 
u3 as followa: 

• Isolation of detected equipment malfunctions t1hich cannot be located by using integral testing provi­sions. 

• Equipment repair invo~vi.ng r@placeable i te1119 of plug­in and nonplug-in configurations. 
• Periodic calibration of reference timing signals. 

Manual isolation of failures within the Mu1tiplexer Set equipment will require the analysis of various logic signals, voltage measurements, and conven-
tional continuity checking. 

Data rates pres~nte~ to the multiplexer input can be within the range of 75 bits per second to approximately 3 x 106 bits per second. In the worst case (3 x 10
6 

bit• per second •ult.iplexar input rate), certain ~ircuita ~risinq the demultiplexer smoothing buffer function may be required to operate at a 
rate exceeding 60 x 106 Hertz. 
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'l'he n•p,1i r f1Jnction will consist of cunvc11Uo11.:1l il!;sl•mbly .:ind <lisas:.:,'ml>ly 
t,1sks, .:ind of certain more unique t.:isk s J S di c tat •d by componc it rc<1uircmc11l~; 
and manufacturing processes. More specifically, repair of wire-wrapped Lack­
plane interconnections and input/output co nectors may require tools not cur­rently available in Air Force or other military inventories. 

Outp~t data rate from the multiplexer is established by an internal reference 
timing module, or by a source external to the multiplexer. Timing frequency 
range is from 155 bits per second to 10

7 
bits per second. When generated by 

an internal timing module, this frequency is manually adjustable to one part 
in 10

7
, and must exhibit a long-term stability of one part in 106 per month. 

It is expected that internally generated reference timing signals (multi­
plexer), and other timing signals such as those used in the demultiplexer 
smoothing buffer function, will require adjustment and/or calibration on a periodic basis. 

5.1.4 Inteniediate Maintenance AGE 

Accomplistment of intenaediate maintenance functions listed in para~raph 5.1.J will require the folloving types of AGE. 
(1) Fault Isolation 

A. Oscilloscope 

l 100 x 10
6 

Hertz vertical bandwidth. 
2 2 to 4 nanoseconds risetime. 
3 Calibrated sweep speeds up to 5 nano-

seconds/division. 
4 Calibrated sweep delay. 
5 Dual trace capability. 
6 Accessory probes and cables. 

NOTE: Required oscilloscope is functionally similar to Tektronix Type 454. 
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B. Vol t mctar, Electronic, Port.iblc 

l Accuracy o f. 3 to 5 percent of full scale. 
2 Accessory probes and cables. 

C. Volt-Ohameter, Portable 

l Accuracy to 3 to 5 percent of full scale. 
2 Accessory probes and cables. 

D. Module/printed ci rcuit extender device. 

(2) Repair 

A. Tool kit, radar c1nd radio, FSN 5180-,i90· 4452 (or 
equivalent) . 

B. Tool kit, special, con■iating of: 
l Wire-wrap repair tools. 

2 Connector/coMection repair tools. 
3 Other Multiplexer Set peculiar tools a■ 

required. 

( 3) Calibration/Adjuataent E~.ectronic COWlter or other device 
capable of frequency -•cure•nt over range of 1$5 to 75 1e 
10

6 
Hertz. Minim\a accw: acy to be twice (quadruple preferred) 

that of signal being me,.,.sured/adjusted. 

ON 10C2 

NOTE: Requirement for calibration/adjustment is subject to change pending 
availabili . y f greater design detail. 

5 .1 . 5 Depot Maintenance Functions ar.d AGE 

Definition of depot maintenance functions and associated AGE requireaents are 
currently undefined, pending coq>letion of module and printed circuit card 
disposition mode analysis. 
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GOVERNMENT FURNISHED EVUlPMl::NT (Gl-'E) INTEGRATION 

This chapter contains a description of the system equipment integration task 
of government furnished equipment (GFE) and associate contractor supplied equipment. 
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CHAPTER 11 OOVERNMENT FURNISHED EQUIPMENT (GFE) IN'l'F.GRA'l'ION 

SECTION llA - DESCRIPTION 

Design Note llAl - System Equipment Integration 

'\ 
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CHAP ll - GOVERNMENT FURNISHED EQUIPMENT (GFE) INTEGRATION 
SECT llA 

~a-; " I' ION 111\ 

1)1::SL'IH l''l' ll N 

This section contains a description of the maintainability requirement asso­
ciated with system equipment Integration of government furnished equipment 
(GFE) and associate contractors supplied equipment. 
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• CHAP 11 - OOVERNMENT FURNISHED EQUIPMENT (GFE) INTEGRATI~ SECT llA 

~t::C'l' 10N UA 

UESIGN N<Jl'I:: llAl - SYSTEM EQUIPMENT IN'fl::GRA'l'IUN 

l. GENERAL 

2. SOURCE OF MAINTAINABILITY PARAMETER VALUES 

3. SUPPORT OF GFE OR ASSOCIATE CONTRACTOR EQUIPMENT 
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CHAP 11 - GOVERNMENT FURNISHED EQUIPMENT (GFE) INTEGRATION 
SECT llA - DESCRIPTION 

DN llAl 

DESIGN NO'l'E llAl SYSTEM EQUil: MEN'r IN'l'EG W\'l' lON 

1. GENERAL 

When items other than system/equipment contractor's items are integrated into 

the system, such as government furnished equipment (GFE) or associate con­

tractor supplied equipment, th contractor should request maintainability 

parameter values from the procuring agency and should use these values in 

the maintainability analysis to arrive at the maintainability values to be 

~ntered in th~ contract specifications. If these maintainability values are 

unavailable or unknown, the contractor should estimdte the maintainability 

parameter values. If the estimates or furnished values are incompatible with 

the intended use, or analysis i~dicates that the system/equipment will not 

satisfy the operational or maintainability requirements based upon these 

values,, tl1e contractor should identify these problems areas, advise the pro­

curing activity, propose alternative courses of action or revised statements 

of requirements, and estimate those values which will allow the maintain­

ability and operational requirements to be met. These values, subject to the 

a.1,.1proval of the procuring activity, should be used to determine the quantita­

tive requirements to be entered in contract specifications, and as the basis 

for determining the contractor's compliance with the quantitative maintain­

ability requirements during the maintainability demonstration. 

2. SOURCE OF MAINTAINABILITY PARAMETER VALUES 

The maintainability parameter values furnished by the procuring agency for GFE 

or associate contractor supplied equipments should be derived from the best 

data available. Demonstration data is considered to be the best data, and 

5hould be utilized for this purpose, i f it is available. 



11 - GOVERNMENT FURNISHED EQUIPMENT (GFE) INTEGRATION 
llA - DESCRIPTION 

SUPPORT OF GFE OR ASSOCIATE CONTRACTOR EQUIPMENT 

ON llAl 

integrat · ng this equipment into a new system, analysis should be performed 

make the ioost cost effective decisions regarding its support. In this 

analysis, candidates such as providing maintenance in an lready established 

facility or acquiring the resources to support it with the rest of the sys­

tem should be considered. Typically, the relative geographical location of 

the existing support facility w.'.11 influence this decision. Some mix of 

these two candidates may become a viable candidate. 
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MAINTAINABILITY DESIGN CRITERIA AND 
SPECIFICATION INPUTS 

This chapter contains a task description of the maintainability design criteria 
and examples of specification inputs, with guidelines, methodology, and proce­
dures for developing specification inputs. Examples of the design criteria and 
specifications ace included for the Multiplexer Set. 
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11/\PTE R 12 MJ\IN'l'J\INABILITY DES IGN CIH'1'J::RI I\ I\NI> 
S Pl-:l ' l l•'I CJ\'l'ION IN l'lrl':i --------- - - - - ------- - - ----------

SJ::C'l'luN 12A - MAINTJ\INABlLlTY DI::SIGN CRl1'EIU/\ /\NU S PI::CH'lCATlUN IN'fROOUCl' lU 

Des j gn Note 12Al - Detai led Task Description 

12A2 - Guidelines and Methodology 

12A3 - Procedures 

SECTION 12B - EXAMPLES OF THE MULTIPLEXER SET MAINTAINABILITY DESIGN CRITERIA 
AND SPECIFICATIONS 

Design Note 12B1 Multiplexer Set Maintainability Design Criteria 
12B2 - Multiplexer Set Specification Example 
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CHAP 12 - MAINTAINABILITY DESIGN CRITERIA AND SPECIFICATION INPUTS 

SECTION 12A 

MAINTAINABILITY DESIGN CRITERIA ANO 
SPECIFICATION INTRODUCTION 

This sect ion contains detailed task descr i ptions, with guidelines, methodology, and procedures for the maintainability design criteria and the specifications. 
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CHAP 12 - MAINTAINABILITY DESIGN CRITERIA ANO SPECIFICATION INPUTS 

DESIGN NOTE 12Al - DETAILED ~ASK DESCRil'TION 
1. MAINTAINABILITY DESIGN CRITERIA 
1.1 General 

1.2 Quantitative Criteria 
1.3 Qualitative Criteria 
2. SPECIFICATIONS 

3. SUBCONTRACTOR AND SUPPLIER CONTROL 
DESIGN NOTE l2A2 - GUIDELINES AND METHODOLOGY 

1. MAINTAINABILITY ~ESIGN CRITERIA 
DESIGN NOTE 12A3 - PROCEDURES 

1 . PREPARATION OF SPECIFICATIONS 
1.1 Scope 

1.2 Applicable Doc uments 
1.3 Requirements 

1.4 Quality Assurance Provisions 
1.3 Preparation for Delivery 
1.6 Notes 

SECT 12A 

: ;1 'l-:1 ' IF I I 'A'I' I I IN I N'l'l11 II It IC "I' I• IN - - -- -- -- -- -------- . . ·- · 

2. MAINTAINABILITY CRITERIA FOR SPECIFICATION INPtrr EXAMPLE 
2.1 Maintainability/Maintenance Requirements (Select as Applicable) 2.1.l Maintenance and Repair Cycle 
2.1.2 Level of Diagnosis 
2.1.3 Maintenance Personnel 
2.1.4 Categories of Maintenance 
2.1.5 Service and Access 

2.2 Logistic Critical Components 
2.3 Interchangeability and Replaceability 
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3. MAINTAINABILITY REQUIRJ~MJ.::N'l'S IN SUBCONTRJ\C'I'OR J\ND VJ·:NDOH 
SPECIFICATIONS 

3.1 Subcontractor and Vendor Control (Contractor Specification Preparation) 
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SPEX:IFICATION INPUTS 

SECT 12A - MAINTAINABILITY DESIGN CRITERIA AND 
SPECIFICATION INTRODUCTION 

I II•:: ; 11 ;N Ni rn : I 'J.A I 

ON l2Al 

1>1-:'J'All ,1•:I, ' l'J\: ;i,; l ll ·: :;('1(1 !"I'll.IN ·------------------- ... · - - - ·-- - - --· . . . . . - . . . . •• . . -

1. MJ\IN'l'/\INJ\1111.ITY Ut::::i l< :N CIU'l't-:IUA 

l. l General 

The major objectives of a maintainability program for systems and equipment 

when installed at che user environment are that the equipment will contribute 

a minimum amount of downtime due to direct maintenance and will reduce the 

support requirements and attendant costs. 

To ensure that equipment meets these objectives, the proposed concepts for the 

equipment or systan are to be analyzed in terms of the following: 

•interface with other equipment 

•Fwiction of the equipment/system 

•Requirements stated or implied 

•Percentage that t' e item contributes to total maintenance 

•operational usage 

As a result of allocations, trade-offs, special analysis, and modeling, a firm 

basis is established for the selection of quantitative and qualitative speci­

fication requirements, 

1.2 Quantitative Criteria 

Quantitative criteria or requirements are definitive statements of the allow­

able resources or the time to be requi~~ to perform a given type of support 

task. For example: 

The (equipment name) shall have a mean time between failure of 

(number) hours, and shall have a mean corrective maintenance time 

of (nwnber) minutes. The preventive maintenance shall not exceed 

(number) hours within~ ■pecified period. 
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ON 12Al 

Quantitative criteria for the components of a new system are derived by the 
apportionment of the top level system requirements to lower levels of system 
hardware. This top level requirement is based upon specified requirements or 
inltial estimates of the system maintenance downtime. The allocation of this 
time is based on design concepts and the resources available. 

1.3 Qualitative Criteria 

ualitativ criteria or requirements are general nonquantitative statements of 
desired critP.ria, features, or characteristics to be incorporated in the design 
of a system. 

These are the design criteria identified during the trade-offs and special 
analysis of proposed concepts required to provide an optimum equipment design 
to uchieve ease and economy in the maintenance support of the equipment. The 
maintainability qualitative requirements are selected as specified below. 
a. To minimize downtime due to maintenance by using: 

• Maintenance-free design 
• Standard and proven design and components 
• Simple, reliable, and durable design and components 
• Fail-safe features to reduce failure consequences 
• "Worst case" design techniques and tolerances which allow for use 

and wear over item life. 
b. To minimize maintenance downtime, by design for rapid and positive: 

• Prediction or detection of malfunction or degradation 
• Localization to the affected assembly, rack, or unit 
• Isolation to a replaceable or repairable module or part 
• Correct~on by replacement, adjustment, or repair 
• Verification of correction and serviceability 
• Identific~tion of parts, test points, and connections 
• Calibration, adjustment, servicing, and testing. 
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c. To minimize maintenance costs by de~ign for v~nimwn: 
• t,1azards to persoMel and equipment 
• Special implementation for maintenance 
• Requirement for depot or factory maintenance 
• Consumption rates and costs of spares and materials 
• UMecessary maintenance 
• Personnel skills. 

d. To mir.imize the complexity of maintenance by design for: 
• C0111patibility amon~ system equipment and facilities 
• Standardization of design, parts, and nomenclature 

DN l2Al 

• Interchangeability of like canponents, material, and spares 
• Minimum maintenar.:e tools, accessories, and equipaent 
• Adequate accessibility, v.:rk space, and work clearances e. To minimize th' maintenance persoMel requirements by design for: 
• Logical and sequential function and task allocations 
• Easy handling, mobility, transportability, and storabili t y 
• Minimum numbers of persoMel and maintenance specialities 
• Simple and valid maintenance procedures and instructions 

f. To minimize ni intenance error by design to reduce: 
• Likelihood of undetected failure or degradation 
• Maintenance waste, oversight, misuse, or abuse 
• Dangerous, dirty, awkward, or tedious job elements 
• Ambiguity in maintenance in labeling or coding 

The design criter.ia must be developed to assist the maintainability analyst in the selection of maintainability t:Uantitative design features to enhance the incorporation of optimum maintainability into the design of systems and equipment. 
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SPECIFICATION INTROCUCTION 

2. SPECIFICATIONS 

ON 12Al 

'l'hc 1,>rimary guideline for the m.1inl..ai11~l>ilily •nginccr in the dcv •lopmcnt o( 
specifications is as follows: If a qualitative or quantitative criterion is 
required and if it can be t es ted or ve rified, then state the criterion in the 
specification. In the evolution of specifications from criteria, the wording 
must 3lso reflect the definitive nature of the requirement. All effort must be 
extended to eliminate the use of such vague wording as minimize, maximize, etc. 
The specification should contain the following : 
a. Definitive statements with no ambiguity in wording. The statement, "The 
(equipment name) shall be packaged with plug-in modules" is more definitive 
than "The (equipmP.nt name) shall be packaged with plug-in modules to the 
maximum extent possible." 
b. Realistic quantitative and quali tative req~i rements consistent with the 
state of the art and cost constraints. 
c. Requirements which can be verified or demonstrated. 

It is the responsibility of the maintainability engineer to ensure that the 
maintainability inputs and requirements are submitted for incorporation into 
the legal contract documents. These inputs are as follows: 

• Quantitative and qualitative requirements 
• Demonstration and verification requirements 
• Specific maintainability tasks to be conducted (trade-offs, etc.) 

during performance of tl.e contract 
• Maintainability documentation requirements 
• Maintainability task schedule. 

The quantitative, qualitative, and verification and demonstration requirements 
are stated in the Configuration Item specifications; the task schedule and 
documentation requirements should be stipulated as part of the Statement of 
Work. 
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3. SUBCONTRACTOR AND SUPPLIER CONTROL 

DN 12Al 

The prime contractor ' s maintainab ' lity program must provide controls for assur­
ing adequate maintainability of purchased har dware. such assurance is achieved 
through the following: 

• Se J.ection of subcontractors fr0111 the standpoint of deaonstrated 
capability to pr~duce a maintainable product 

•oevelopment of adequate design specifications and test requireaents 
for the subcontractor produced product 

•Develop,ent of proper maintainability and quality program require­
ments to impoae on each subcontractor 

•close technical liaison with the subcontractor (both in deaign and 
maintainability areas) to minimize coaaunication probl ... and to 
facilitate early identification and correction of interface or 
interrelation design problems 

•continuous review and assessment to assure that each subco tractor 
is implementing his maintainability and quality assurance programs 
effectively 

Maintainability assurance requireaents must be i mposed on subcontractors and 
suppliers on the uasis of the criticality of the hardware item being supplied. 
Similarly, the depth of these requirements should determine the aaount of 
effort expended by the contractor to verify that the aubcontractor is perform­
ing his assurance func tion adequately. 

For suppliers of major components and subsystems, the pri• contractor must 
evaluate each subcontracted it• independently to determine the type of main­
tainability proq am needed. He must then impose appropriate requireaenta on 
each subcontractor. 
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Each major subcontractor should swnit a maintainability program plan, and the contractor should aonitor program implem_ntation to assure compliance with the plan and to assess the timeliness and adequacy of individual tasks. The sub­contract aust contain surveillance provisions to permit such monitoring. This procedure places the contractor maintainability group in a situation very simi­lar to that of the procuring ctivity's evaluators in monitoring and evalu­ating maintainability program performance. Therefore, the procedureD f or moni­toring and evaluating various program elements apply to the contractor-sub­contractor relationship in the same way that they apply to the procuring activity's evaluation of the contractor's program. 
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DESIGN NOTE 12A2 

l. MAINTAINABILITY DESIGN CRITERIA 

ON 12A2 

<.;UIDELI l::~ AND Ml:."1'11000 1,0l ;V 

Sy!~tem and equipment designs should incorporate features which enable cost 

effective maintenance support throaghout a deployed hardware life. Such 

maintenance characteristics should be based on prescribed utilization con­

cepts, and should be fu lly compatible with ultimately expected system den­

s i ties, mission profiles , and georgraphical dispersement patterns. Some 

examples of maintainability design criteria are as follows: 

a. All repair part it ... havinq the • ._ part n\abera shall be func­

tionally and physically ; .iterchangeable without modification or adjuataent 

of the it ... or the ayst- or equipaent in which they are uaed. 

b. Maintenance adjustment or alignment shall not be required. 

c. Pr eventive (scheduled) maintenance requirements, including calibration, 

shall be eliminated. 

d. Physical and functional maintenance access shall be provided to any active 

component upon opening or removal of access entries, and shall not require 

the prior removal or move,nent of other components. 

•• Devices aecurift9 acceaa entrances and maintenance replaceable it ... ahall 

be the captive, "quick-release" type. 

f. Special (system or equipment peculiar) tools shal l not be required in the 

performance of user or intermediate level maintenance tasks. 

Unless otherwise dictated by customer imposed constraints, the following 

should be defined by total system trade studies prior to initiation of detai led 

system or equipnent d~sign. 

• A baseline maintenance conc.ept. 

• Primary and secondary fault isolation methods, quantitatively 

expressed in terms of failure rate percentages and callout r esolu­

tion for each level of maintenance . 
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•The number and complexity of hardware levels comprising the sys­
tem or equipment, with the lowest being consistent with a cost 
effective, discard-at-failure maintenance concept. 

•The required degree of intersystem and intrasystem commonality at 
each hardware level. 

•Whenever applicable, an optimized means of interf~cing mission and 
maintenance requirements with existing systems and equipments. 
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DESIGN NOTE 12~~ 

1. PREPARATION OF SPECIFICATIONS 

ON 12A3 

PROCEDURES 

The s tandard formats and typical language f or preparation of specifications 
are includ •<l i n MIL-STD-490. 
The specification consists of the following major categories: • Scope 

• Appli cable docwnents 
• Requirements 
• Quality assurance provisions 
• Preparation for delivery 
• Notes 

1. l ·cope 

The s cope is a general statement of purpose of the document and a brief de­
scription of general use of the Configuration Item (CI). 1 .2 Applicable Docwnent s 
All documents lis ted within the body of the specification , as well as other 
~pplicable reference docwnents , ar~ included in this category. These docu­
ments should be available upon request by the contractor and in the file of 
the procur i ng organization making the reference . 1.3 Requirements 

This category contains the performance and design requirements for the CI. 
The performance is specified in terms of fW'\ctional requirements and includes 
t hose r equirements which establish the efficiency and effectiveness of the CEI. 
The CI is defined in terms of the mechanical ar.d functional relationship of 
the CI to ~ther equipnents, the identification of individual components in­
corporated in the CI that require individual specifications, and identifica­
tion of requirements for manuals peculiar to and identifiable with th,, Cl. 
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General design features, as well as detailed standards and specifi ca tions 

which must be satisfied by the design and construction of the CI, are also 

included in this ca t egory. 

1.4 Quality Assurance Provisions 

Requirements for formal verification of performance, design, and construction 

of the CI are included in this category. This category includes require­

ments for the following test/verification functions: 

• Engineering test and evaluation 

• Qualification inspection 

• Reliability test and analyses 

• Maintainability test and analyses 

• Engineering critical component qualification 

• Visual examination and performance test 

1.5 Preparation for Delivery 

This category is applicable to a production-type specification. In the design 

and development specification, requirements pertinent to transportation and 

handling of the CI which must be incorporated in design are specified in the 

requirements category. 

1.6 Notes 

This category includes information that is stated for administrative conven­

ience only and is not part of the specification in a contractual sense. 

2. MAINTAINABILITY CRITERIA FOR SPECIFICATION INPUT EXAMPLE 

This portion of the design note presents examples of the type of statements 

that would be developed for maintainability criteria for specification inputs. 

2.1 Maintainability/Maintenance Requirc rrw.mt8 (Select •• Appl ·c _.· .e) 

The equipment specified herein shall be des igned iJnrl m;mui ;J,~t:ur,:d lfJr ••.J •;•• , , 1 

economy in all maintenance functions and the availability of the c.:quiplTll :nt 
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:-;h,.ill l..11.' dt lcdst (nurrt>cr) percent. 'l'he L'qui pmcnt de~ ign shall comply with 
the maintainability and maintenance rcquire lllt.!nts contained within paragt·aplis 
(n umber) througn (nunt>er). 

2.1.l Maintenance and Repair Cycles 

Maintenance and repair cycles for the equipment shall consist of preventive 
and corrective maintenance as defined in MIL-STD-721B und shall be as follows: 
a. Preventive Maintenance 

The equipment design shall be such that it complies with the following re­
quirements: 

( ) Preventive maintenance downtime shall not be more than (number) hours 
within a (number) day period. Preventive maintenance shall be capable of 
accomplishment during the released status. Preventive maintenance shall be 
limited to the fol lowing: 

Maintenance calibration. 

Preventive maintenance man hours per (number) operating hours shall be 
no greater than (nwnber) hours. 

( ) The equipment frequency of preventive maintenance shall be such that the 
operational duration of the equipment will result in no downtime from a state 
of sustained operational readiness for <number) hours of continuous operation. 

Preventive maintenance on the equipment shall not be required. 
The equipment shall be capable of being r es tored to operation at the 

(name) level of maintenance wi thin (number) minutes during any preventive 
maintenance funct i on. 

( ) The equipment s hall be replaced every (nwnber) hours of operation at the 
(name) level of maintenance within a mean time of (nunt>er) hours. 
b . Corrective Maintenance 

The equipment design shall be such that it c0mplies with the following re­
quirements: 
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( ) The aean active corrective maintenance downtillle (M ) of the equi19ent ct at organizational level shall not exceed (n\llber) hours. "ct shall include ti.lie required for diagnosis, repair, and c~eckout as defined below. 

(1) 'rime for Diagnosis - The time for diagnosis shall begin with the recognition of improper operation and terminate when the diagnosis process indicates the item(s) to be replaced. 
(2) Time for Repair - The time for repair shall begin with the com·· pletion of the diagnosis and terminate when the repair is complete. This time includes the rerooval and replacement of all necessary access or protecti·:e covers and all mechanical assemblies. (3) Time for Checkout - The time for checkout shall begin with the completion of repair and shall terminate when the checkout pro­cedure indicates that the equipment is operational. 

() Corrective maintenance limitations are as follows: 

Maintenance Level Organizational Intermediate Depot 
Percentage of all failures 
that shall be correctable 
at the specified level 

Hean time (Met) -- hours -hours -hours 
M,ximum time (M ) - hours -hours -hours 

max 
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'lhe equipment design shall be such th.:it il complieti with tlw [ullowirn~ r e ­
quirements: 

() Automatic/semiaut omatic fault isolation of (number) percent or more of 
the total single failures occurring within the lowest level plug-in, replac~able 
electro~ic/electro-mechanical/@tc., subassembly/canponent/etc., which canprise 
the item under test, within the following limits: 
( ) Electronic subassembly i solation shall be to (number) or less sl.'.bas­
semblies. 

( ) Electro-mechanical subassembly isolation shall be to (number) or less 
subassemblies. 

( ) Fault isolation without the use of oscilloscopes, ll'k=ters, or external test 
equipment. All automatic/semiautomatic test equipment shall be designed as an 
integral part of the equipment. 

( ) The fault isolation techniques shall not use part substitution or e>·.change 
to enhance malfWlction isolation. Only after the error has been detected and 
isolated shall any module, card, part, assembly, etc., be replaced. 
( ) Provide built-in test points to isolate all other single failures per 
Wlit time occurring within hardware other than electronic/mechanical/etc.~ 
i.e., w.res, ~onnector pins, sockets, etc. 

( ) Provide test point plug(s) for eact. assembly/subassembly, etc., to allow 
the assembly/etc., to be fault isolated to the (number) level while in the 
equipment or on the bench. 

() I nternal/external automatic/semiautomatic diagnos tic capabilities shall 
be designed for the equipment so as to allo fault isolation within (number) 
minutes at the (name) level of maintenance to within (number) or less as­
semblies/subassemblies/etc., for a minimum of (number) percent of the fail ures 
and to (number) or less of the as~emblies/subassr~rn 1 i cs/c t c.: ., f ,,r (nu~,,: r) 

percent of the failures. 
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EquipmE· t desi gn shall be such that maintenance can be performed in accordance 
with t he following: 
( ) All equipment maintenance s hall be capable of being performed by personnel 
possessing a skill level no higher than (name) as described in (reference). 
() (number) percent or more of the total single equipment failures per unit 
time shall be correctable at the organizational level by no more than (number) 
maintenance men possessing skill levels no higher than (name) as defined in 
(document). 

() (Number) percent or more of the single equipment failures per unit time 
shall be correctable at the f ield level by no more th,m (number) maintenance 
men possessing skill levels no high r than (name) as d fined in (document). 
( ) The remaining (nUI!lber) percent of the single equipment failures per unit 
time shall be correctable at t he depot level by maintenance men possessing 
ski ll levels no higher than (name) as defined in (document). 

2.1.4 Categories of Maintenance 

Categories of maintenance for the equipment shall be as defined in (document). 
2.1.5 Service and Access 

Service and access design for the equipment shall be in accordance with 
(document) and the following: 
a. Packaging and Mounting 
() That portion of the hardware which accounts for (number) percent or more 
of the total equipment failures per uni t time shall be packaged in throwaway 
replaceable subassenblies with a replacement cost goal of $(number), but not 
to exceed $(number). The number of different types of plug-in sub4ssemblies 
shall not exceed (number). The size of the subassemblies shall not exceed 
(number) high by (number) wide by (number) long. 
( ) Throwaway value for each subassembly type shall lie i ndividua lly ,is t ab­
lished, based upon failure rate, density, and acqu; s Ltion and s u1,puct •: <J!;t: . 
( ) Hoisting provisions shall be provided on all cemovabl <.! cquipmr ·rat wta .i<:1 1 
cannot be readily handled by (number) men. 
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( ) No hardwar~ item subject to maintenance below the depot level shall be permanetly fflOWlted; i.e., riveted, welded, e t c . 
() All fastening devices securing access ntries shall be captive or hand 
perated, or designed for operation by use of as andard bladed screwdriver, and shall be the q•ick-release, partial-turn type. 

() No portion of the equipment, other than throwaway items, shall be hermeti­
cally sealed, nor shall ~ny portion of the equipment require pressurization. 
() Design sh~ll be s uch as to perm.it operation of the equipment with all mai n­tenance access covers, plates, do~rs, etc., removed or opened. 
() Interconnecting wiring within the equipment shall be accessible without 
rerroving panels, covers, plates, etc., other than those provided for access to subassemblies. 

() Access to any subassembly shall be attained upon removal of a single ac­
cess cover, plate, door, etc., secured by not more than (number) quick­fastening devices. 

() All indicators shall be designed and mounted such that their illuminating elements are replaceable from the front of the display. 
() Circuit breakers, ut i lized as protective devices only, shall be located so as to prevent their use as control devices. 
() All connectors shall be mounted such that a minimum space of (number) 
inches exists between ad j ac~nt connectors or other obstructions. 
() Access to subassemb lies shall not require disassembly of hardware other 
than removal )r opening o f service access panels, covers, plates, doors, etc., provided for such access. 

( ) Safety wiring shall not be required to supplement primary securing de­vices at any hardwar.e level. 

( ) Any maintenance replaceable portion of the equipment in excess of (number) 
pounds shall be fitted with handles or other :, uitable carrying and handlin,, devices. 

( ) (nwnber) convenience outlets ■hall be provided. These outlets sh..all s u1 ,1,ly (number) volts, (number) Hz. 
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() (number) inches shall be between replaceable (equipment name) to acco11110-
date insertion and extraction tools. 
( ) The equipment shall be designed so that (equipment name) may be replaced 
within (number) minutes. 

b. Di splays, Controls, and Indicators 
) ~ lamp test capability shall be provided fo r all indicator lights. 

Maintenance indicator groups shall be functionally arranged and displaced 
from operator indicator groups. 
( ) The equipment shall have individual elapsed time meters which will record, 
separately, the functioning time of the (equipment name) , (equipment name) , 
etc., up to a maximum of (number) hours. 
c. Adjustments 

() The equipment shall not require periodic field electrical or mechanical 
adjustment and/or, alignment at any time during its specified service life. The 
equipment may contain adjustable electrical or mechanical piece parts provided 
they are the factory set and sealed type. 
() Component parts that require field adjustment shall not be used without 
prior approval of the procuring agency. 
() There will be no maintenance adjustments on the equipment unless justified 
by total system t r ade-offs and approved by the procuring agency. 
d. Maintenance Cal1bration 
( The equipment shall require no calibration. 

The equipment shall require no calibration that cannot be performed by 
(nae) maintenance personnel. The accuracy ratio of calibrated te■t and 
meuuring equipaent to the unit being checked must not be leH than (maber) 
to (nmber). 

() "nle equipment shall not require calibration in less than a (number) day 
interval or in l ess than (nunt>er) operating hours. The calibration tim,: shall 
not exceed a mean of (number) hours. 
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The equipment shall have the capability of performing a complete automatic/ 

semiautomatic self-test to verify that it is working correctly at the begin­

ning of operation and during operation upon demand. It shall be capable of 

aut.omatically/semiautomatically halting and signaling the existence of a 

malfunction. It shall be capable of pet·forming the self-testing without 

jUJll)er cables and without supplementary equipment. The time required for 

self-testing shall not exceed (nuni>er) minutes. 

f. Ide~tification 

{) All test points incorporated within the equipment shall be identified 

by test point number and signal characteristic; i.e., TP30 +28V. 

() Each subassembly and each receptacle shall be reference de■ignation 
marked to assist rapid maintenance replacement. 

() Subassembly reference designations shall be identified on each next 

higher assembly. 

g. Tools 

( ) The equipment shall be capable of being maintained at the (name) mainte­

nance level by the use of standard mechanical hand tools. Standard tools are 

defined as tools already available through the Federal Supply System. 

() Special tools shall be designed to withstand the intended use throughout 

the life of the equipment. Special tools required shall be mounted within 

the equipment. The following tools shall be provided: card removal and in­

sertion tool, etc. Any additional special tools shall be approved by the 

procuring agency. 

h. Maintenance Safety 

( ) All coMectors having voltage potentials in excess of (number) volts 
which may be discoMected while the equii:aent is in operation shall be 
female type of conr..tctors. 
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All s h.up edges of maintenance access openings, printed circuit cards, 
etc., shall be eliminated. 
() Locate all internal controls and adjustments away from voltage poten­
tials in excess of (numbez ) volts. 
( ) Design circuit to preclude secondary trouble created by the following 
types of malfWlctions: 

(l) Short circuits to groWld 
(2) Short circuits to adjacent leads and/or terminals 
(3) Faulty relays, transformers, and other components 
(4) Excessive temperature rise 
(5) Etc. 

() securely tie down high pressure lines and flexible tubing every (number) 
inches to prevent whipping of line in event of tube or connector failure. 
( ) Locate all overflow and vent ports where they will not constitute a 
hazard to equipment and operating personnel. 
i. Test Equipment 

Test equipment shall be designed to withstand the intended use throughout 
the life of the equipment. Test equipment required shall be stored within 
the (name). The following test equipment shall be provided: digital coWlter, 
etc. Any additional test equipment shall be approved by the procuring agency. 
2.2 Logistic Critical Components 

Note: This paragraph will lbt the logistics critical components within the 
end item. Logistics critical components or component equivalents (those with 
long procurement leadtime, sole source procurement, high dollar value, 
etc.) require individual descriptions and specifications . Logistics critical 
components will be identified herein by their nomenclatures, descriptions, or 
specification numbers and, if appropriate, part numbers. 
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Each equipment assembly, subassembly, or piece part which is subject to r e­

placement at any maintenance level shall be an interchangeable item. Inter­

changeable items are those items having the same manufacturer's or Federal 

Stock number, which, when interchanged or substituted for each other without 

modification, adjustment, or selection, shall provide the same phys i cal and 

fWlctional characteristics required of the original items. 

3. MAI~TAINABILITY REQUIREMENTS IN SUBCONTRACTOR AND VENDOR SPECIFICATIONS 

MIL- TD 470 states: Based on the results of maintainability analysis, the 

contractor should include appropriate quantitative maintainability require­

ments in specifications for subcontractor and vendor items procured for the 

system/equipments. These requirements must be stipulated in terms suitable 

for demonstration in accordance with MIL-STD-471 or other method approved by 

the procuring activity. Specifications for subcontractor and vendor items 

will include, where applicable, s uch information as: 

a. System/equipment constraints and requirements. 

b . Maintenance concepts and support requirements. 

c . Standardization and interchangeability requirements. 

d. Maintainability demonstration requirements and procedures. 

A program for procedures should be stipulated for assuring that the subcon­

tractor's and vendor's maintainability procedures are consistent with overall 

system/equipment requiremen~s and that adequate surveillance of the subcon­

tractors and vendors will be maintained to enforce compliance with all main­

tainability requirements specified. 

3.1 Subcontractor and Vendor Control (Contractor Specification Preparation) 

Subcontractor and vendor supplied items are primarily controlled by means of 

the specification. This control is the responsibility of the contractor, 

who must ensure compliance wi th the overall requirements stated by the pro­

curing agency for the end item. 
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Vendor items are usually comprised of piece parts and subass~mbl ' s ; s ubcon­

tractor items are usually major component i tcms such a s assembli t:?s . In the 

case of the subcon~ractor items, due t o the complexity of the i tem acquir~d, 

a more rigorous means of control is utilized. In this case, in addition to 

a specification, a scope o . work governing design and development is prepared 

by the maintainability group for inclusion in the overall subcontractor data 

package. This s cope of work in most cases r equires the subcontractor to pro­

vide a maintainability effort on the ~ubcontracted item similar to the one 

the contractor provides to the procuring agency on the system. 
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'ftli1 ■ection contain■ ex.aaaple■ of the design criteria and specifications for 
the Multiplexer Set. 
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SECTION 128 El:.AMPLES OF THE MULTIPLEXER SET MAINTAINABILITY 
DESIGN CRITERIA AND SPECIFICATIONS 

DESIGN NOTE 12B1 - MULTIPLEXER SET MAINTAINABILITY DESIGN CRITERIA 
l. GENERAL 

2. QUANTITATIVE REQUIREMENTS 

2.1 Quantitative Requirements - Corrective Maintenance 
2.2 Quantitative Requirements - Prev~ntive Maintenance 
3. QUALITATIVE REQUIREMENTS 
3.1 Fault Detection and Isola tion 
J.1.1 Requirements 

3.1.2 Design Implications 

3.1.2 (1) Failure Rate Distribution Percentages 
3.2 Test Points and Jacks 
3.2.l Requirement s 

3.2.2 Design Implications 

3.3 Major Component Replacement 
3.3.l Requirements 

3.3.2 Design Implications 
3.4 Card Extender 

3.4.l Requirements 

3.4.2 Design Implications 

DESIGN NOTE 1282 - MULTIPLEXER SET SPECIFICATION EXAMPLE 
1. SPECIFIED REQUIREMENTS 
1.1 Corrective Maintenance Time 
1.2 Service and Access 
1.3 On-Line Maintenance 
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DESIGN NOTE 1281 
MULTIPLEXER SET 

MAINTAINABILITY DESIGN CRITERIA 

l. GENERAL 

Maintainability performance requirements i mposed upon the Multiplexer Set de ­
sign fall into two basic categories: (1) quantitative requirements expressed 
in terms of allowable maintenance t ·.me, and (2) qualitative requirements ex­
pressed in terms of s pecific electrical or mechanical characteristics to be 
exhibited by the design. Th se characteriJtics f requently have direct in­
f l uence ~pon the attainment of quantitative requirements. 

2. QUANTITATIVE REQUIREMENTS 

Maintenance of tl1e Multiplexer Set will take two forms: corrective or un­
scheduled maintenance, and preventive or scheduled maintenance. As the names 
imply, t he former is accomplished on a random demand basis as malfWlctions 
are detected. Preventive maintenance can be accomplished on a preplanned 
basis, and includes a nuri>er of tasks ranging from routine cleaning and in­
specti on to the periodic calibration and adjus tment f r e ference timing sig­
nals. 

2 .1 Quantitative Requirements - Corrective Maintenance 

The quantitative requirements ~~sociated with the Multiplexer Set corrective 
maintenance are described below. 

The mean corrective maintenance time (Met) for the fully configured Multiplexer 
Set sh.ill not exceed 12. 0 minutes. This time is measured fr0111 the time a 
•~~lfunction is detected unti nor~al equipment operation has been restored. 
It includes the following: 

• Time required to isolate the cause of failure . 
• Time required to replace or repair the defective item. 
• Time required to verify that the repair process has been e ffec tive 

and the equipment is capable of r e turn to normal oper<.1tiori. 
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Not includ din this titll\~ int(.'rv.:il , 11·, , ,1dministrativt• d •J.1ys :: u ·Ii ,1:; · i.mc :: p1.•n in waiting for th ' r ' J>ai rm.:in to ..an· 1 v,•, or lime.• xp •ndt• <.J in obtai11in<J r •pl.1c.: -ment parts from other than th immedi.:ite maintenunce area. 
The Met is computed by combining pr edicted or demons trated times for completing equipment maintenance tasks on the basis of their e xpected frequency of occur­rence. The frequency of occurrenc is directly related to the fa i lure rate distribution within the set, and is es tabl ished by reliability analysi s . 

The maximum corrective maintenance t ir.ie (Mmax c t) for the fully con figured Multiplexer Set shall not exceed 36.0 minutes at the 95th percentile. Simply sc.ted, this 1neans that when maintenance task times are Combined on the basis of their frequency of occurrenc~, 95 percent must have been completed in 36.0 
minutes or less. 

Observed maintenance task time~ for l ectronic ' q uiJ men ts a r e gen rally c-cepted as being di s tributed in a log-normal manner . 
Computation of th M 

max ct 

value is accomplished based upon the standard deviation of the logarithms of the obse rved m~t~tenance task time, and is expressed as: 
max ct M = antilog (logMct + 1.645 log Met) 

where: 
llogM is the standard deviation of the logarithms of the 

ct 

observed task tunes, and logM is the average logarithm of the observed task times. 
ct 

2.2 Quantitative Requirements - Preventive Maintenance 
The quantitative r equirements associated with the Multiplexer Set preventive maintenance are described below. 

The design shall be such that downtime will not be required for preventive maintenance. Stability of the internal refer€nce timing module shall be s uch as to preclude ad:ustment at intervals more frequently than each 30 days . 

535 



CHAP 12 - MAINTAINABILITY DESIGN CRITERIA AND 
SPECIFICATION INPUTS 

SECT 128 - EXAMPLES OF THE MULTIPLEXER SET MAINTAINABILITY 
DEIGN CRITERIA AND SPEClFICATIONS 

I. ,,111,\1 , l'l'/\'l'I I-' l!l ·\ 11111;1 :Ml :N'I' : , 

ON 1281 

1..kt •ct i on anJ isolation µrevisions, a highly rrodular packaging arr..ing mcnt, 
nd oth •r m.:ii t nunCt! aids such as test points and jacks. 

Th following paragraphs identify the predomin lit maintainability qualitative 
r~ uirem nts ~nd discuss t he resulting design implications. 

3.1 Fault Detection and Isolat ion 

3.1.l Requirements 

Fault detection and isolation provisions shall: 

• Be automatic to the e xtent possible (cost effective) . 
• Be integral to the design. 

• Insur proper equipment operation (detect improper operation) 
and isolate faults on a degraded and fail d basis. 

• Isolate faults to a relatively small porti nn of the equipment. 
• Require no ex t e rnal or internal equipment co nections (as a part 

of the detection or isolation process) or added components (such 
as an isolation device which is added to the equipment after a 
fault is detected). 

• Require the use of no instruction books or charts i n accomplish-
ing the detection/isolation process. 

• B operable without interfering with normal system operation. 
• Follow the normal order of signal flow. 
• Be physically moW1ted upon a separate plug-in pan~l. 

3. . 2 Design Implications 

The allcwa le mean corrective maintenance time M ) of 12. 0 mi.1utes dictates ct 
that the primary fault isolation approach be an automated design. That the 
hardwar e implementing this design be integral to the equipment is given as a 
requirement. 
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The ffective ness required of the di.ignosti c de ign is large di c.: t .:it d L,y the 
M constraint and the expected f.ii lur rate distribution. TcJken li tcrally, 

max ct 

meeting the M constraint means that no more than 5 percent of expected max c t 
Multiplexer Set failures can be corrected in elapsed times exceeding 36.0 min­utes. 

It is unreasonable to expect that a malfunction in an equipment as complex as 
Th Multiplexer Se t can be manually diagnosed by means of conventional trouble­
shooting techniques and repaired within a 36.0-l'linute interval. This is par­
tLcularly true when it is considered that automated diagnostic designs are gen­
e rally i~capable of distinguishing between failure modes which they can and 
cannot accurately diagnose. Thus before any attempt is made to manually 
diag~~se a fault, it IIU■t be established that the automated diagno■is 
was invalid. This fact :s established by means of an elimination process 
(namely one of exchanging the erroneously indicated item) on ly to find that a 
fault indication remains. Thus a portion of th 3 .0 minutes which coulf. have 
been used for manual isolation and repair has already been expended in a 
fruitless attempt at fault correction. 

~stablishing the required effectiveness of the diagnostic design is accom­
plished in the following manner: 

~ Assume that manual diagnosis and repair of the Multiplexer Set 
malfunctions cannot be accomplished within the 36.0 M con-

max ct straint. 

• Define those areas in which an automated diagnostic can be ex­
pected to be ineffective, and establish the percentage of total 
failures expected in these areas. 

• Subtract this percentage from 100 percent and determine what 
port.ion of the remainder must be treated cff<.:c;li v • I y 1,y ll11· 
diagnostic to enable isola tion o f 'J ~ 1,<: c <.•·rat c, I Ll1• : t<,t . . ,l , .,

1
,J

11
,­

ment failures, usir.g t:ie c.1uto:nat <.' d diagn,Jstic:. 
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.1.n drcas sucli as interconnect.1.ng wir in4, ·u1111t•~ turs , cal>li nq, and front pdncl 
components which comprise the machine side of the man-machine interface. Bas d 
upon the reliability predictions, approximately 2.9 percent of the total equip­
ment failures are e xpected to occur in these areas. Convers ly, 100 .0 -2. 9 
or 97.l percent of all equipment f ilures are e xpected to occur in reas which 
may be treated by an automated diagnostic. These failures will occur in areas 
such as c~ rd-roc,unted electronic circuits, lin receiver and driver roodules, 
and powe r supplies. The percentage of failures occurring in these areas which 
nust be treated by the diagnostic can therefore be established by solving the 
following expression for X 

(0. C71) ( X> = 0.95 

X = 0 . 978 or 37.8 percent. 

Tilus 7.8 perc nt of those failures which r c.:.l ndi d tes for automated diag­
nostic techniques must be so treated. A knowledge of how fa . lures are expected 
to be distributed within the equipment may be h lpful in assigning diagnostic 
J · 1 n mph sis. SJ 3.1.2 (1) reflects the failure rate distribution, in terms 
o f e r en tag , bas d upon the reliability prediction. 

SUB-NOTE 3.1.2 (1) Failure Rate Distribution Percentages 

Item 

rd, ColTll\on El ec tronics 

rd , RCO/S B 

rJ , Diagnos ti c 

I ~lodule , Driver/Rec~iver 

Powe r Supply 

Others (Wiring, Connectors, etc.) 
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11.11 

4 ' .80 

13. 78 

16 .30 

6.11 

2.90 
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While it has been assumed that manual isolation and repair f th • Mu]t i plcx ' r 
e t faults cannot be accompli s hed with i n a 36 .0-minut inte rval, th r are 

some apparent exceptions, as follOl,-' s: 
a. Connector Failure - A predominant failure mode o f th edqe -loaded printed 
circuit card connector is an open ci rcuit caused by contact contamination. 
Such d failure is typically corrected by remova l and r eplacement of the affected 
card, thus wiping the contact area clean. While th automated d iagnostic 
would erroneously i ndi cate a card malfunction, the failure would be corrected 
by th a c ti on of replacing the indicated card. 
b. Blower Failure - Imprope r operat i on of the cooling air blowers can be 
detected audibly. When a blowe r ceases to operate, the failure can be de­
tected by the operator and corrected by replacement. This is an expedient 
process, capable of being accomplished within a 36 . 0-minute interval. 

The above are examples of factors which could serve to lowe r the required 
diagnostic e ffectiveness, and which should be more fully examined as th de­
sign becomes firm. 

Required diagnosti c callout resolution is anothe r factor having substantial 
im1 act upon the d i agnosti c design. The requirements that isolation L,c to "a 
relatively small portion of the equipment" and lhat isolation be accomplished 
"on a degraded and failed basis" both appear to have influence upon defini­
tion of required resolution. The term "relatively small portion of the equip­
ment" is subject to interpretation, and can take on meanings ranging f rom a 
complete multiplexe r or demultiplexe r to an individual integrated circuit de­
vice. Similarly, the term.,; "degraded" and "failed" are subject to interpre­
tation. 

Because the equiprr~nt is capable of treating input data from as many as 31 
discrete sources and of outputting to an equal number, the term ''degraded'' can 
be construed to mean a situation in which treatment of a particular input/ 
output is erroneous while the remainder are properly processed. For purposes 
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o f th is d ·ullk.!nt, su h n int rpretation i s ,1ss umcd. Furth •r, th Slat m,•n 
.1r111 philos opl1y prL·d1 ,· t , c.J u1 un fu •ld r •pl <.: •ment o f h..in.ho1dre at the modul 0 or rinted circui t card l L' V ·l. 

ascd upon tnc assumed int rpretation of th t c rM " ~gr d d" and th sta t ed 
r 111 µ111.l so hy , 1 t can b concluded that tlat' 

callout s hould le c,mp r.1 ed of on o r mor • .1tems of ard o r mo ule cumpl xity, nd th t 
fail-ur1.. 1. on 

the numerous .1nput/ output chann ls b d.1 gn s •d to no mor than th~ number v f c ards or modules sociated wi ti th t channel . 
lt is ln g1ly es1r l e to inc r ease di gnos i c resolu ion t o s ingl card o r m..> u I.! for re sons of log.1stical economy . Since only on 0 t ' r lac l t, •m com lV n C llout is e x1 ·t .:-d t h V mal fur on• f r , h I on 1 t ~m will ntail r u •rm1 nt.• its identity th r • la c •d rou . This can . accom l 1 ·h d 1n ver l w ys : U1s d rd or fon.rard for repair th ntir 

in tat o ly one is ctually at fault. 
o f r placed it ms, r ecogniz-

b . At some future time, when equipment operation can b int rru t d, sub-.1 tut • th r ep lac group into the equipment one at a tin, until the .:lefec-t.1v it m .1s identified. 

~- est the repla ed grou , using a ~ard/ modul t e t s t t o id nt.1fy t he de­f c t1ve .1tc m. 

lt 1s o vious that c~rtain di s advantages ar inh rent to each of the abov 
r o ~ s s s, there y su porting th d sirability of a one-item callout. Emphasis 

sh uld t 1trc for e be g1v n to reduced ca llout s izes whene ver design economy is no t s vcrc ly imp..ic t d . 

:-1 • t.1n L c r equirement that d t ection and i so lation b ' ccomplished without 
use o- external or internal connections or added compone nts i s inherent to an inLegral diagnostic approach. 
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·1~ ,, . n · 1u1n.' mt•11l th t ins truc li~m liuo k s o r t:l1oJr s not l t> utiltz•d 1n IH' dP ­

t, t: tio11 and i ul .L OIi proc: •ss II ~; ,· 1q11ift t:dnt .tnflui·nc ~ UlJOn d ' si1111 uf tho•· · 

1 s lay · compris1ng th mar -mc1cl1in~ i nt-.: rfac The d . i gn must r r lat thr , 

.:i s 1c items of informa·c. 1on to the o rc1t r / r pairman: 

•r. n1z1n 

.Lt t i n 

• Th ta malfWlction has b n d t ct d. 

• Th type o f malfWlc tion involved ( artial, comple te). 

• T , ! ~cation of th item(s) which must e r ~pair d o r replac d 

t o r s t a r normal equipment operation. 

hat numErous e s ign approaches will satisfy th ' s r~quic nts, 

(.'Qin . ;:, 

uLj c t t huma, 

mat ~e r o s lee ing one which is most c ffi c i nt and last 

rror. Deci s ion-making on the part o f th op rater should 

• l tmi t t o on o f wh ther or not he intends to o as in tructed, not n 

o f c c t 1n wl at t h instruc~ion means. In accomplishing this objective, 

.• •v ~ral u.td •l1n s r o ffered as follows: 

a . rou all inJi cators and controls r lat d to m.:ilfWlction detection and 

.;ol .:1tion t t:ommon area of the equipment , pref rably upon the front panel . 

lhspl y the existence of a malfWlc t ion in .:1 consist nt, go/no-go manner, 

iff rentiating b tween thos of a partial or compl te kind. 

Re lat to the operator the type of item( s ) he is expected to replace 

(i .. , card, modul e , power supply, etc.) so that h may obtain the nee ssary 

.ools and oth rwi se plan for subsequent actions in the maintenance task. 

d. elate the s~ec ifi c locat.ton within the equipm nt at which the it m(s) 

t o b r e laced may be found. This should be accomplished in such manner 

that int rpretatio between the indication displayed and hardware marking is 

not r quir •d. 

Mounting of items comprising the fault detection and isolotion function upon 

a separate plug-in p3nel is requireci if feasible. The rimary consideration 

in determining such feasibility is not ~ecessarily one of a mechanical pat:k­

aging kind. An automatic detection and isolation capability whi ch satisfi~s 

effectiveness and callout resolution requirements tends to become r~latively 

complex. 
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Hcc.ius ne . .uly 14 percent of all equipment f ilur s can be xpec t ed to occur 

1n c ircuit~ comprising th dcte tion anc 1so l tin fun c tion, some d gr of 

"heckin th~ checker" is required in order to attain the r equired diagnosti c 

ffe tiv ness. 

·1a nostic designs are notoriously incap~le of assessing their own condition. 

1 n 1mpro r performance of diagnostic components must be r cognized and 

1 tified u t e rms of rel-' l ceable item(s), spec1 l me sur s ar r uir d. A 

J13 nosti fo r the d1agnosti c can be added, ut tends t o tu te rath r 

tn n l u.l.ln t e t he diagnostic pr b lem. Th diagnosti c can c separately 

l c t eJ within th equipment and rerooved based on an elimin tion process once 

pr i. ry orrection procedures have proven ineffective. This approach has an 

d rsuable ffect upon maintenance time. Finally, the diagnostic car. be 

o o ated with the fwtction which it monit r s and asse~~es. In such a cas , 

fa1 ure o f ither th fwt ction being evaluat~d o r the components which pr-

form the evaluation will be properly identified in terms of a replaceable item. 

'i is prodc conflicts with the requirement for a se arate plug-in test panel, 

ut would a par most desirable from the standpoints of cost, com l xity, 

downtime, and diagnostic effectiveness. In essence, it is a most feasible 

approach, making others less feasible in a relative sense. Further, use of 

a common test circuit for all channel-related hardware appears not to be 

feas1ble from the standpoint of packaging. The cy lie tester approach de­

scribed in the proposal requires that approximately eight lines be routed 

between each channel and the common tester. With 31 channels, this io a 

total of (8) (31)•248 lines. The connector to be used for interconnecting 

printed circuit cards with th,~ wiring plane incorporates 80 pins. 'l'hus a 

minimum of four cards w~>uld be required for the tester implementation due to 

connector pin limitations. Tht 248 r,1n cowtt considers callout resolution 

to the affected channel only. S!naller callout sizes, which are obviously 

desirable, would significantly increase the required pin count, and therefore 

the quantity of cards which must comprise the test function. 
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l' lac mcnt of chann 1-r lated test circuits upon a separat plug-in panel is ther for considered not t be feasibl . Because of th limited relative complexity of the conwnon electronics design, placement of all diagnostic circuits for this area upon a separate plug-in card should be considered. 
3. Test Points and Jacks 

3. • Require men ts 

Test points and jacks mu b short circuit protect and provided for those ,~ltag sand wav forms whic are u1eful in maintenance and not metered or mo itor d cy the integral test facility. The locations must be accessible from t e front of the equi ment. 

nios volt ges and waveforms whi ch ar metered or monitored by the integral test f cility must be provided, and thes must be located at the rear of the '-' uipment. 

' st point:; and Jacks must also b provi ed for power supply de voltages. 3 . . 2 sign Implications 

The i,,Coposal suppl ment notes that EMI/RFI requirements imposed by RFP changes would pr elude COffi>l iance with the r quirement for test points accessible from t i root o f th 
u1pment. As ar alternat approach, it was proposed that s l cted s ·gnals would be routed to test points located along the top edge of th riot d circuit cards. 

Ground rules applicable to incorporation of test points include the following: a. Provide maximum visibility into the card function. Select points at out­puts of combining functions such as multiplexer and register elements within the card functions and at the primary functional outputs of the total card. b. To the extend possible, number selected points sequentially from card in­put to output, based upon logical function. 
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n .1 s l.'qu..-nti.11 mannl.' r , 1->roviding a max i num u ' grcc o cons1stcn y for t he r c ­
p.:iirman. 

It was also proposed (in the proposal supplemen t) that powe r s upply de volt­
ages be routed to the equipment front pane l and physically t e rminated in a 
f ·male conne tor protected by a partial-turn, EMI / RFI gasketed cap. These 
t es t points wi ll be of va l ue primarily when power s upply error sensing and 
witchi .~ c1rcuit.s malfun ctio . . Therefor 

s tan~y suppl.ies should be provided. 

outputs fro~ both the ~n-lin and 

3.3 Major Coq:,onent Replacement 

3.3.l Requirements 

,1ajor components or modules S J 

without disassembly or requir . 

3.3.2 Design Iq:>lications 

... .., •~~let~ly removable from e nclosures 

"l tools. 

The term "without disassembly" is intel'preted to mean wi thou t disassembly of 
the major comporent or module. In the Multiplexer Set design, "major compo­
nents or modulct:," are interpreted to include the followinJ items: 

• Printed circuit cards. 

• Line drive r and receiver modules. 

• Power supplies (each, when multivoltage; each unit, when single 
voltage). 

• Wiring plane. 

• Front panel assembly (replacement of panel subassemblies such as 
a unitized strapping switch unit is desirable). 
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SE l B - FUMPL.ES F 'niE MULTIPU::XER SET MAIN'l'AINABILITY 
DESIGN CRJTERIA AND SPECIFICATIONS 

1 hould • note,1 th.it US" of convcnt1 un.1l tools can U" CIIIJ'loy ~d in a rea>v ,; 
r • lace act ion . Special tools are those peculiar to the Multiplexer Se t de-
s i n. An exa~le of a peculiar tool would be a print d ci rcuit card ~•tractor 
tool specifically designed for the selected card configuration. 

3.4 ard Extender 

qui remcnts 

An LX~ensi on plug-in sna l be provided for r~intenanc . 

. 4. Design Implications 

i:.xtenders are r qui red fo r ards and modules whose connector pins ar not 
for probi gin th normally inst 11 d pos1tion. Th baseline pack-

1n d sign, wh1ch ITK>unts power sup 1 ~ and sw1tch1 relays in the ar a of 
rd nd module connectors, requires that extenders be provided for both cards 

nd modul s. 

t Xtenders s ould b provided for each multipl xer and d multiplexer unit, with 
1nt rnal storag provisions provided in the form of a spare card connector or 
r e taining clip . 
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OE~IGN N TE 128 
MULTIPLEXER SET 

SPECIFICATION EXAMPLE 

l. Pt: • l f I ED RI~(.. U I RE MEN TS 

~~1nt~1n.ih1l1ty r equi r •nts applicable to the Multiplexer ·et ar se t forth 
1n Spec1f1 at1on RAOC-526 5 (a11111ended), paragraph 3.8, and Statement of Work 

R - 117 (aanended), Annex 2. Specification ragraph 3.8 incorporates 
y reference . Thes c .q\uremp t s arc s follows: 

.l ou·cct1ve Ma1:1t ncance 1 me (Annex 2 , paragraph 3.l.l) 
a. M~an orrect1ve maintenanc time (M ) shall not exc ed 12.0 minutes. ct 
b . MAJU.mUJ11 correct1ve iuintenimce time (M ) shall no exceed 36.0 min-max ct 
utes (95th percentile). 

c . Prevc~t1v Ma1ntenance Time (Annex , paragraph 3.1.l.l) 

The des1 n will be such that downtime will not be required for pr•ventive 
maintenance. 

1.2 ervice and Access (Annex 2, paragraph 3.1.1.2) 
a. Eu of servicing and access will be a primary des i Jn consideration . 
b. The equip•nt will be designed for rapid repair thr ugh the use of auto­
matic fault locat1on, plug-in modules , etc., to the extent practical. 
c . Tie equipment design and construction s hall be such that it can be main­
tained within the specified maintainability time constraints. 
d. The stability and reliability of the equipment shall be such as to re­
quire a minimum of auxiliary test equipment, such as oscilloscopes and trans­
mission measuring sets, for operation or alignment. 
e. Integral metering facilities or other indicating devices shall be pro­
vi ded to insure proper operation of equipment and to isolate failures on a 
satisfactory, degraded and failed ba:.,is to a ~elat ively small section of the 
e:quipment without requiring the use o.f external or interncil connections, added 
components, instruction books or charts. 
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f . The integrated te t facilities shall be designed such that they may be 
operated without interf ring with normal system operation. 
g. Monitoring witl1 the est facilities shall follow in the normal order of 
signal flow. 

h. Circuits for monitoring shall be placed on a separate test plug-in panel. 
i. plug-in extension ooard shall be provided for maintenance. 
j. Major components or modules s,1all be completely removable from enclosures 
without disassembly or requiri g special tools. 
k. All voltagP.s and waveforms used in the maintenance of the equipment shall 
be brought to a test point accessi ble from within the ~quipment enclosure. 
1. Test points and metering facil ' ties shall also be provided for the power 
supply d.c. voltages. 

m. All test points shall be short ci cuit protected. 

1.3 On-Li ne Maintenance (Annex 2, paragraph 3.1.l.2.l) 

Equipment design shall enable the corrective replacement of the following 
items without requiring the prior removal of equipment operating power: 

• Rate conversion buffers 
• Smoothing buffers (both high-speed and low-speed) 
• Source-to-transmission rate converters 
• Transmission-to-source rate converters 
• Trans i tion encoders 

• Transition decoders 
• SO\lrce-to-equipment digital interface circuits 
• Equipment-to-source digital interface circu ·ts 
• Either of the ~ooling blowers in both multipl~xer and demultiplexer. 

Removal and replacement of any of the above items shall not isrupt the proper 
operation of any equipment circuitry. A control shall be provi ded for the 
initialization of the circuits within the replaced item(s). The i nitialization 
shall be applied only to the data chann~ls associated with the repl· ced item 
and shall not affect proper operation of any of the other equipment circuitry. 
Rapid and efficient removal of the cooing blowers shall be accomplished through 
the use of quick-disconnect type connectors. 
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CHAPTER lJ 

MAINTAINABILITY PRJ:.'lJIC'l'IONS 

This chapter contains a detailed task description, guidelines, methodology, and procedures to develop the maintainability predictions. It also contains an example of maintainability pr~dictions on the Multiple .. er Set using the procedures disc ussed in this chapter. 
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CHAPTER 13 MAINTAINABILITY PREDICTIONS 

SECTION 13A - MAINTAINABILITY PREDICTIONS INTRODUCTION 
Design Note l3Al - Detailed Task Description 

13A2 - Guidelines and Methodology 

13A3 - Procedures 

SECTION 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDIC'rIONS 
Design Note 13B1 - Hultiplexar Set Early Des i gn Predi r. tion 

13B2 - Multiplexer Set Detailed Design Pr edi ction 



'UAP 13 - MAINTAINABILITY PREDICTIONS 

SEC'l' 13/i 

MAINTAINABILITY PREDICTIONS INTROOUCTION 
This section contains a task description of the maintainability predictions, with guidelines, methodology, and procedures for developing early and de­tailed design maintainability predi~tions. 
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:; 1,:c·1• lUN l JI\ MAIN1'AINABILITY PREDICTIONS INTRODUCTION 
DE~I~N NOT~ 13Al - DBTAILED TASK DESCRIPTION 

1. INTRODUCTION 

2. MAINTAINABILITY PREDICTION METHODS 
2 .1 Fhilosophy, Assuq,tion~, Md Summary 
2.2 Applicability 

2.3 Point of Appl ication 
2.4 Basis for Prediction Techniques 

DESIGN NOTE l3A2 - GUIDELINES AND METHODOLOGY 

l. 

2. 

3. 

GENERAL 

SYMBOLS AND NOTATIONS 

PREDICTION EQUAT!ONS 
3 ( 1) 

4. 
Maintenance Downtime Prediction Equations 

s. 
FAULT LOCATION/CHECKOUT TIME (Td) 
FAULT CORRECTION/ADJUSTMENT TIME (T) 

C 6. 

7. 
PREPARATION TIME (T ) 

p 
ITEM OBT~INMENT TIME (T . ) 

l 

DESIGN NOTE l3A3 - PROCEDURES 

l. APPLICATION 

2. EARLY DESIGN PREDICTION 
2. 1 Establish M.lintenance Concept 
2.2 Develop Synptom-Fault Matrix 
2.2 . l Prepare Functional Block Diagram 
2.2.2 Perform Reliability Analysis 
2.2.2 (l) Reliability Prediction Sunnary 
.2.3 Determine Effect of LRU Failures on System Operation 

2.2.3 (l) System Functional Diagram 
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2.'2. J (.!) I11iti.1l s yn'l)tom-1-' .iult ~ti-ix 

2. 2. J (J) ~ympturr.-Fault Matrix l\fte1· ~~1 l !, /\dclc d 

2.2.3 (4) Workshee t for Coq>uting H(s,f) 

2.3 Determine Maintenance Design Charact~ristics of LRD's 
2.3 (l) 

2.3 ( 2 ) 

2.3 ( 3) 

2.3 (4) 

2.3 (5; 

2.4 

3. 

3.1 

3.2 

3.2.l 

3.2.2 

3.2.3 

Checklist for Test Coq>lexity (Factor x
1

) 

Checklist for Test Instrumentation (Factor 
Checklist for Test Evaluation (Factor x

3
) 

Checklist for Test Availability (Factor x4) 
Checklist sunnary Form 

c~mpute Expected Total Active Downtime 

DETAILED DESIGN PREDICTION 

Establish Maintenance Concept 

Develop Symptom-Fault Matrix 

Prepare Functional Block Diagram 

Perform Reliability Analysis 

Conduct Failure Modes and Effects Anal i1 

X2) 

3.2.3 (l) Failure Modes and Effects Analysis (FMEA) Data Sheet 
3.3 Determine Maintenanr.e Design Charac teristics of Each LRU 
3. 4 Coq:,lete Maintenance Task Time Study for LMJ' s 
3.4 (l) Iq>ediment Correction Factors 

3.4 (2) Sample Fault Correction/Adjustment Time Worksheet 
3.5 Coq:,ute Expected Total Active Downtime 
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ut::::;r N NUTE lJAl 
IJl-:'l'/\ l Ll•:11 'l'/\SK Ul-:SCIU I " I' lUN 

1. INTRODUCTION 

To assure that established requirements for system ma i ntainabil :.ty have been 
met, it will be necessary to assess the system's maintainability characteristics 
pe riodically thr oughout the development pr<cess. Two principal techniques are 
availa.tle for this assessment process: prediction and design review. This 
chapter describes the prediction method. Design reviews are covered in Chap-
ter 4. (Testing is another means of assessment; see Chapters 15 and 16 for 
a discussion of demonstration testing.) 

During the planning phases, the predicted maintainability of the various 
sys t ems proposed to meet an operational need are critical factors in selecting 
the optimu .. , course of action. Since a limited quantity of specific data is 
available in this phase, maintainability predict ;_ons are based large 1, on e x­
pct i e nce with predecessor syste ,s and on predi ction techniques aIJplicable dur­
ing the planning phase. 

During the early design phase of full-scale development, reliability and main­
tainability predictions can be used to determine the inherent availability of 
the proposed system, the effects of proposed changes on availability, and the 
optimum trade-off of equipment characteristics. Predictions made during this 
phase are generally more accurate tha:. • hose made in the planning phase, s • nee 
more spec · fie system information is available. Because they are more accurate 
than assessments conducted during the planning phase, the predictions obtained 
during early full-scale development should be used to upgradE earlier pre­
dictions and the technique used to obtain them. This chapter and the follow­
ing sections and design notes contain two procedures for use during the early 
design phase and the detailed design phase. 
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2 . MAINTAINABILITY PRENC'l'ION METHODS 

1""0 methods are presented for predicting corrective ma i ntenance times: one 
for us,e during the early design stage and one for use during detailed design. 
The early design predi ct ion i s intended for use early during the full-scale 
deve lopment phase , and the detailed design prediction is intended for use 
f rom the time a detailed functional block diagram and a complete packaging 
phi l osophy are available until the end of the design phase. 

The basic procedure is to divide active downtime into several categories, 
to predict each category individually, and to cori>ine these predictions and 
obtain active downtime. In addition, techniques are provided for accounting 
for the time spent on tasks when the reported failure is not verified (no 
trouble found) and for predicting maintenance man-hours. 

2.1 Philosophy, AssUJll)tions, and Summary 

'Ille underlying philosophy of these procedures is to divide active downtime 
into several categories, to predict each corrective maintenance time category 
individually, and to combine these predictions ard obtain the active down­
time . MIL-STD-721B recognizes seven time categories associated ~ith the 
corrective maintenance pzocess: (1) pre~aration, (2) fault location, (3) 
item obtainment, (4) fault correction, (S) adjustment/calibration, (6) check­
out, and (7) cleanup. Within these time categories, there is considered to be 
a coD1110nality of process between fault location and checkout times, and a 
similar relationship between fault correction and adjustment/calibration times. 
In the former case, the displays and test points used for fault location are 
also used to check the system for satisfactory operation . Also, the same type 
of thought process is involved in determing whether or not the system is oper­
ating properly. In the latter case, both fault correction and adjustment are 
manipulative tasks. Therefore, in these prediction techniques, the categories 
of active downtime are (1) fault location/checkout time (Td , (2) fault cor­
rection/adjustment time (T ) , (3) preparation time (T ) , and (4, item obtain-c p ment time (T . ) . 

i 
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' ' 

Th\! prediction tcchni4uc:; d .scril>cd below .1n• applicable to L>otla tht! early des1gn and detailed design stage of equipment development. They are capable of predicting active corrective maintenance downtime for first -chelon LRU (line replaceclble unit) on-equipment repairs. Additionally, techniques are provided for t!Stimating the time spent on "no trouble found" tasks and for estimating total maintenance man-hours. 

Th~ techniques produce estimates of average system downtime and average man­hours per system failure. The manner in which individual LRU data is used r ec ludes developing quantitative estiinates at the LRU level. It is, however, pus_ iole t o identify LRU's which make significant contributions to system l vel r esults. Such identificati ns are qualitative, though, dnd not quan­titative. 

2 .3 Point o Application 

'.l'h~ early design prediction is intended to be used durirg the system concept phase, and the detailed des i gn prediction is intended to be used from the time ad tail d fWlctional block diagram and a coffl)lete packaging philosophy are available. Specific information required for each technique is contained in ON 13A3. 

2.4 Bas1s for Prediction Techniques 

Th data ut1lized for the development of the prediction procedure covered in Dt 13A3 was obtained during the surveillance of four equipments of v ry·ng cumplcxity, ci rcuitry, use, maintenance, and packaging concepts. 
The t echniques wer validated, on a limited scale, through application to both a ground electronic and an avionic equiprRent. A comparison of the pre­dicted versus field observed mean corrective maintenance times for the vali­dated equipments indicated agreement to within 10 percent. 
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Based on 15 syst~ms, regr s sion analyses Wt'n · pcrfor~d to ycnerate 11redi ction 

equations. The early design pi·ediction cquJt ion has an R2 va lue of 0.45 

(R :a 0 . 67), .ind the detailed design predic tion equation has an R2 value of 

0.47 (R • 0.68). These values represent an in,provement ove,· previous ap­

proaches. several factors which are not accoWltcd for in the prediction 

parameters may contribute significantly to the standard error. These factors 

are the variability of the hwnan element (maintenance technician), environ­

._ntal factors, and basic failure rate variability. However, each of these 

factors also contributes, directly or indirectly, to the variability of other 

existing ll&intainability prediction -tnods. 
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SECT 13A - MAINTAINABILITY PREDl • "I S INTIODUCTION ON llA2 

0 n : 1JA2 

l. ENERAL 

Gui lin s hdve been dev loped for 1mpl menting the two proc dures mentioned 
in l3Al. Th guidelines are in the ar~as of sy111ptom selection, syaptom-
fault a,alysis, and maintenance design checklist evaluation. 

SYMBOLS AND ATI 

.n following symcols and notations are used in lhe prediction techniques 
de r1 ed in ON llAl. A bar is placed over a sylllb l to denote the average va l e f the parameter. 

1 

Ii ( , f) 

1th LRU 1n sys tt rn 

th averag 1nformat1on associated with the occurence of a symptom (s) and a f~1lur (f) 
M.M. average man-minutes per maintenanc task 
l) 

1 

T 

T' 

T 
C 

1 

i 
X 

Al )~t 

1th system syaptom 

average total act1ve downtime 

ver.1ge total active downtime when "no trouble foWld" tasks ar included 

fault correction tune 

f.1u t o at1on/ hcc~out t1me 

r • .ir t1on time 

fault correction/adjustment t1me for ith LRU 
average maintenance design checklist score 
total checklist score (X

1
+x

2
+x

3
+x

4
) for ith LRU 

test complexity checklist score 
test measurea:!nt checklist score 
test evaluation checklist score 
test availAbility checklist score 
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total failure rate off 
1 

tot•l syste■ failure rate 
f•ilure r•te of jth LRU assigned to ith syq>tom in 
•ywiptoa-fault aatrix 

3. PREDICTION EQUATION,.; 

ON 13A::7 

Th anAlyti ~ fo~t1on vf the prediction t e chniques consists of the develop­
ment of matheaatical mdels that relate act i ve downtime to a set of design 
pararie ters . The prediction is !Ude in terms of four major paramt:tt:1.:; as 
fol l ows: 

• Preparation tiN, T 
p 

• F~ult loc•tion/checkout ti•, Td 
• Ite• obt inmcnt time, T. 

1 
• Fault correction/adjust•nt time, T 

C 

llhen it~d . t.~••e ti• qu.ntitiea ~ual total active downtime; t.hat is, 
T • T + Td + T . + T p l C 

where a bu over a qUAntity denotes the system average. 

'nle prediction equations for the paraaeters, for the average active downti~~ 
in~luding •no trouble found• tasks, and for average man-hours per task are 
shown in SN 3 (l). Equ.tions are presented for both ground and a i rborne 
systems. 

4. FAULT LOCATION/CHECKOUT TIME (T d) 

Fault location/checkout time i s a function of the nUlllber of diagnostic steps 
that must be taken and the time required for each step. The number of steps 
is a function o f thf! troubleshooting technique, test phi 1 aoplay, number of 
test .:>des , and nWllllber of replaceable i t ems associated with each symptom. 
Siali l •rly, checkout time i s a function of the complexity of the char~ctc r is ti cs 
be ing tested . t.he equipment necessary to measure the characte risti c , the in­
terpr ~t ation o f the t est result required, the availability of needed test 
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points, and any mechanical hindrances that may i mpede the di agnostic proce~s. 

Design pa ramete r s repr~senting each of the above areas were developed so that 

a prediction expression could be formulated. 

The design for maintenance is assessed by developing four design checkl i sts 

which measur e test complexity (X
1
), test measurement (X

2
), test evaluation 

(X
3
), and test availability (X4). By preparing a .checklist summary for each 

LRU (replaceable unit) an Xt for the system is calculated by: 

IA. XT . 
l. l. 

xt .. . 
IAi 

where: A. • the failure -;.. ··.e of the ith LRU 
l. 

XTi• the tota l checklist score (X
1
+x

2
+x

3
+x

4
) for the ith LRU. 

The other factor associated with Td is H(s, f ). 

This parameter est i mates how easily failures are traced to failed LRU's by 

measuring the average information associated ith the occurrence of the 

symptom and the fa ilure. It i s determined in the following way. Let 

s . i•l,2 . . . , n be a set of failure symptoms for an equipment, let f. j•l,2 ... n 
l. J 

be a se·t of LRU's, iet,\ij be that part of the jth LRU's fa' l ure rate which 

produces syl"ptom S . , and let p . . = A . . / A denote the proha.bili ty f the joint 
l. l. J l.J T 

occ.Jrrence of avmntom i and the failure of f.. Then 1-r J 

H(s,f) • lP . . log2 (p . . ) i s l,2, ... ,n 
l.J l.J j s:l , 2, ... ,n 

5. FA!JLT CORRECTI ON/ADJUSTMENT TIME (T ) 
C 

F .A1.1lt correcti on/adjustment time i s that portion of the tr,tal maintenance time 

requlred to remedy the trouble, whether it requires a r..omplete interchange of 

parts or only a mi.nor adjustment. 
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In the early pred.iction tech iquc , a sing.le equation predicts the swn Td+Tc. 

At the detailed prediction stage, more detail is available and the prediction 

of T has th.,:-ee steps: 
C 

a. Define the range of fault correction/adjustment tasks that must be per-

formed. 

b. Analyze a representative sample of fault correction tasks to determine 

the subtasks involved and apply time s tandards to determine time required. 

c. swnmarize the results of step b to establish the avera~e fault correction 

time (T ) for the system. 
C 

T 
IA . t . 

1 C1 
C = 

where: A- = failure rate of the i th LRU 
1 

t . = estimate of task time for ith LRU. 
C1 

6. PREPARATION TIME (T) p 

The p:-eparation time required for a maintenance action depends, to a great 

extent, on the maintenance en•rironrnent and procedures that apply. However, 

this time category is also influenced by equipment design, which establishes 

requirements for tqols and test and auxiliary equipment. The relationship 

between the design parameters and preparation time is determined by a ratio 

s seen in equation (2) of SN 3(1). 

7. ITEM OBTAINMENT TIME (T . ) 
1 

Item obtainment time (T . ) is predicted by estimating the time requ r~d to per-
1 

f orm a s upply action in the propo!"ed maintenance and supply environment.!; and 

then muJ. .. iplying thi "" time by the or.served numbe r. of item ob ainment actions 

per maintenance task. 'fhe observed average nwti>er of item obtainment act ions 

per task was 0.73 for airborne systems and 0.32 for ground sytems. 
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Where not enough information is available to estimate the time required for 
a supply action, this observed value may be used. These values for airborne 
and ground systems are 22.09 and 6.23 minutes, respectively. When the ratio 
of actions per task is cont>ined with the average time per action, the result 
is an average item obtainment time of 16.13 minutes for airborne systems, and 
2.15 minutes for ground systems. These are the figures shown in equation (3) 
of SN 3(1). 
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DESIGN Nore 131\3 PROCE!)URES 

1. APPLICATION 

petailcd procedures for appl}, i ng both tlic early and detailed design predic­

tion technique discussed in DN 131\l aud DN 13A2 are described in this design 

note. 

2. EARLY DESIGN PREDICTlON 

The early design prediction technique is applicclble to equipme1ts in the early 

design phase of full-scale develOF"'!lent. The fo U owing information i s required 

to implem:mt the teclinique: 

• Maintenance concept 

• Functional block diagrams 

• Equipment t heory of operation 

• List of majox. equipment LRU's 

• Reliability estinates at the LlU level. 
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Depending on the equipment undor study, t he maintenance concnpt and functivnal block diagrams m~y exist a~ part of a hardwar specification or other con­t n.'.: tual requirement. Other information will exist in the design groups, or m.:iy have been generated as part of a previous effort. Engi eering judgment or design goals may be needed to fill in missing data. However, the mat~t:ial re­quired for this prediction effort is sufficiently basic that the above infor­mation will generally be available soon after a preliminary design review (PDR) and most certainly by the time a contractor is prepared to old & critical design review (CDR). 

7he following four steps, each of which is discu~sed in a subparagraph below, are associated with this prediction efforts 
• Establish m3intenance concept. 
• Develop sym~tom-fault matrix. 
• Determine nuintonance dP.sign characteristics of the LRU'a. • Compute expected total active downtime. 

2.1 Establish Maintenance Concept 

Est,lhlishmont of a maintenance concept requirP.s thaL the analyst determine certain facts, including the following: 
~ Level of maintendnce (flight line, ~hop, depot, etc.) 
• Level of replacement (black box, assembly, module, or part) • Test concept (manual, automatic, or combination) 

This information provides the guidelines with ~hich to conduct the analysis. 2. 2 Develop Symptom-Fault Matrix 

This activity is carried out in three steps: 
• Prepare functional block diagram of the system. • Perform reiiability analysis. 
• Determine effects of LRU failures on system oparation. 
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2.2.l Prepare FWlctional Block Diagram 

The fWlctional block diagram shows the relationship between sys em fWlctions and hardware elements. In preparing the diagram, an analyst makes use of available design and specifi~ation data relating to the theory of system operation. 'lbe hardware description i s obtained from the various design group.· or perha • f _om a configuration group which maint" ins the system break­down or family t r ee. For a complex system, it will re useful to develop the diagram at ioore than one level. The highest order d:.agram will show a first order breakjown ot system fWlctions and mejor subsystem interfaces. Lower order diagrams will develop the functional areas in more detail. At the lowest level, the functional block diagram will show major LRU's on which the maincenance is to be performed and the signal paths between them. At all levels, the diagram should show system outputs to operators or other equip­ments and note where system signals are displayed or monitored by built-in test t!quipment. 

2.2.2 Perform Re l iability Analysis 

Consistent with the equipment maintenance philosophy ,, the functional block diagram will identify the major LRU's for the system. A reliability estimate is now developed for each LRU. l'hese estimaces are normally generated as )art of the reliability program. The basis for the estimates is as foll ws: • Program preferred parts lists 
• Component derating guidelines 
• Preliminary part s and materials lists generated by designers 
• Similar equipment description generated in previous programs. 

If the required estimates are not available as an output of the reliability program or other contractual requirement, applicable tt!c.hniques for developing these estimates are given in MIL-STD- 56A, MIL-HDBK-217A, or the RADC Reliability Notebook, Volume I. 

J 
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The res ults o f the r c li<1bility prediction c ,111 l>• ! s ummar.i.zl'd .i : ; ::; li n wn in 

SN 2 . 2 .... (1) . Three indenture levels ,.u-•. : used to describe ma jor subsystems, 

ne xt leve l items as requi red, and fin J lly LRU l e ve l (the level at wh i ch the 

maintenance and this analysis is cvnductec!). Entries for quantity per system 

and total sys tem failure rate ar e made at the LRU level and the total system 

fa1 lure rate AT is the sum o f the LRU failure rates. 

SUB-NOTE 2.2 . 2 (1) Reliability Prediction Surnir.ary 

Unit 

Subsystem A 

Group sub 1 

LRU (a) 

LRU(b) 

LRU(c) 

Group sub 2 

LRU(c) 

LRU(d) 

Subsys t em B 

LRu(e) 

LRU (f) 

LRU(g) 

Quantity per System 

10 

10 

5 

10 

6 

5 

5 

5 

566 

System Failure Rate 
(failure/106 hours) 

e 

At 

Ag 

Ah 

Total AT 
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2.2.3 Determine Effect of LRU Failures on System Operation 

System failure sympto~s are now established. A sympt om is defined , s a loss 
or degradation of a major ope rational function or output of the system. 
Symptoms are described in ternu; of the manner in which system signals or out­
puts are displayed operationally er are provided to another system. A sys­
tematic review of the functional block diagram can be used to generate a list 
of symptoms by examining the followi ng: 

• Extc?rn31 system outputs - signals provit!ed to other systems. 
• System outputs - signals output to operators. 
• Status and ioonitor panels - these often display important internal system signals. 

• Other built-in test equipme~t (BITE) information. 

When the system failure syq:,toms are defined, the analyst will t hen COJll)lete 
a symptom-fault matrix. To illustrate this process, SN 2. ~. 3 (1) sho~s a 
theoretical system with seven LRU's (A through G) ~ ith failure rates AA through 

AG. 

SUB-NOTE 2.2.3(1) System Functional Diagram 

567 



CHAP 13 - MAINTAINABILITY PREDICTIONS ON 13A3 SECT 13/\ - MAINTAINABILITY PREDICTIONS INTRODUCTION 

. 

I 

I 

UB-NOTE 2. 2. 3 (2) Initial Symptom-Fault Matrix I 
LRU Failure Rate Sl S2 S3 S4 

I AA/2 AA/2 
A 

AA 

I i ' AB Al2 Al2 
B 

I I 
I 

I 

C 
Ac Ac 

D I 
Ao 

Ao 
s 

A E AE 

F 
I Ar Ar 

C, 
AG 

AG 
Total AT 

I -
ArrowE indicate the direction of signal flow. Signals Sl, S2 , and S3 are 
system outputs, and signal S4 is an internally measured olgnal which is dis­played. SN 2.2.3 (2) shows the initial form of the syl'fi)tom-fault matrix for this system. It was developed as follows: 
a. Enter each LRU and its failure rate on successive lines of the table. 

I 

I 
' 

I 
I 
I 

b. Determine the do,uinant failure symptoms for each LRU. To do this, deter­mine the system failure symptoms that are the most significant in determining that this LRU failed. Even though several sympto• may be present, ordinari . y a smaller nunt>er provides specific clues that the LP.U in question may be at fault. 

c. Apportion each LRU's failure rate among the dominant syl'fi)toms. The appor­tionment is based on system configuration, equipment description data, if avail­able, ·or engineering judgment. In the absence of specific infonnation, the failure rate is divided equally among the dominant symptoms. 
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~1. Wlu.m this initial .3 } lo1.:ation is coq>ll!tc, a reduction in the total n umber 
of entries may be made by defining compound symptoms. A compoWld sympt.om is 
the simultaneous occurrence of two syaptoas. When a coqx>Wld SJlllPtom is iden­
tified, the LRU failure rates which we r.e previously assigned to the indi idual 
symptoms are assigned to the compoWld symptom column and deleted from t he con­
t ributing columns. COlll)OW\d symptoms containing thr·ee or more simple systems 
should be avoided unless they can be weed to describe a cata~trophic symptom 
such as "no cabinet outputs", "displ .y blank", etc. 

SN 2.2.3 (2) shows the symptom-fault matr ix when the dominant synptoms ha ve 
been determined for each I.PU. For LRU's A and B, the failure symptoms are !;;l, 
S2, and S3. In ach case, S2 dominates SJ since the same LRU's that produce 
S2 a re those ~hat produce 53. The revere is not true ince G contributes to 
S3 but not to S2. The analys i s ot E and Fis similar s i nce both cause ayaptcaa 
S2 and S3, but S2 dominates S3. In studying D, it is clear that &Yffll.)tom S4 
dominates S2 and S3. 

In looking for compound s ymptoms, note that all LRU' s except A and B exhibit. 
a single dominant symptom. However, both A and B exhibit Sl and S2. A check 
of the fW'lctional diagram shows that a new symptom S5, which is "Sl and S2", 
may be added to the list to consolidate the entries for A and B. The result 
of this addition is shown in SN 2.2.3 (3). Note that once the dominant 
sy~ptoms are identified, the analyst is in a posit.on to answer the question, 
if symptom S . occurs and in t he absence of oth r information, which LRU's have l 
aw::>st likely failed? Tilis should be th(J basic philosophy in establishing a 
syq,tom-fault matrix. 

When the symptom-fault matrix is complete, H(s,f), which is one of the pre­
djction par4meters used in the early predict.ion, is calculated. Let the 
syaptom-fault matrix have syq,toms s . i•l,2, ... ,m 

l 
and 

LRU's f . j•l,2, ... n, 
J 

and A. . i s tht1t part of the jth LRU' s failure rate apportioned t -~ S . . lJ 
l 
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the fail ·re rat of f . , c1nu I I A. :IA . :a A ,
1
, th total system ) . I) • J J I J failure rate. Define p . . 

l) 
: .\ .. /).T as the probability of th< · joint occurrence l) 

of syq>tom S . and LP fail re l 

H(s,f) • -IPi:, log2 Pij 

-

f . . Then 
) 

i•l,2 •.. ,m 
j•l,2 ... ,n 

::,UB-NOTE 2 .2.3 ( .3) Symptom-Fault Matrix After s ~ !s Added 
- · 

(1) 

I 
LRU l Failure Ratt: Sl l S2 S3 S4 I S5 • Sl and S2 

A 

8 

C 

D 

E 

F 

G 

Total 

I 

I 
I 

i i s, f) is the average information associated with the occurrence of a symptom and a failure. SN 2.2.3 (4) is a c~nvenient worksheet for performing this 
calculation. A brief example, correspondin1 to the matrix in SN 2.2.3 (3), 
is shown. All the failure rates c>. . . ) in a s .rmptom-fault matrix are entered lJ in the first column and the total <,\.> is entered at the bottom. 
In the second column, each lailure rate is converted to a decimal <p .. •A .. ;~>. l .) .l) .. 'T The third coluim contains L(ij) • -log

2 
p . . . To simplify the computation, l.) nott that logarithms to the base 2 are related to logarithms to base 10 by the formula 

~log
2 X • -log

10 X/0.3010 
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Finally, the product of the second and third colUftls is ent<!red in tht. fourth 
·olumn and these entri~s ar~ su.nP.d to obtain H(s,f). 

SUB-NOTE 2.2.3 (4) Worksheet for Computing H(s,f) 
I 

Aij p ij L(ij) • -loq Pil(ij) pij ' - 2 --- ->. . 30 I 0.15 2.74 0.41 A I 

AB := 50 0.25 2.00 a.so 
A • 

C 40 0.20 2.32 0.46 
A • 

D 
20 0.10 3.32 0.33 
15 0.075 3.73 0.28 A E -

IAF • 10 0.05 4. 31 0.21 

A G"' 35 0.175 2.51 0.44 

A • 200 
- T 

1.00 H (s, f) • 2.63 

2.3 Determine Mainte~ance Design Characteristics of LRU's 

The design for maintenance is assessed by evaluating the four design check­
lists (factors x

1 
thro1Jgh x4) for each replaceable item (LRU). The fWlc­

tional block diagram is used to identify the outputs and their characteristics 
for each LRU on which the checklist scores are based. 

Ea h checklist score reflects the manner in which the output is displayed or, 
' fit is not displayed, the manner in which it can be tested. When outputs 
c,mnot be measured (module substitution required), the first three checklists 
are scored on the basis of how the measurement could be made if access were 
available. In such cases, the last item on checklist x

4 applies. 
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SN 2. J (l) 1. s the heck list to measure the comp le xi ty of the test char ac t. r-1.stics to be measured during fault diagnosis and l ocation . As the signals to be measured become mox·e complex , more information i3 required to evaluatP a test result. The increase 1n test complexity is accounted for by increas l~g the weight ass1qned to the test chuac .cristi •. The cha acter1stics listed cover the range enc uuter din electronic system maintenance from built-in go/ no-go t e~ts to coaiplP.x digital pulse trains. 

SN 2. 3 ( .2) is a checklii.t to rr,easure the ease with which needed tests can be mace. The rationale for develop · ng this checklist was that test rapidity is d fWlction of the type of devi-e required \:.O ni.:. .. e the test; i.e. , the more complex the test de~ic6 and the more difficult to comprehend the d ' s layed result, the l nger a test will tue. 

SN 2.3 (3) is the checklist to measure the ease with ·.mich test results can be interpreted. The first test characteristic is selected when the results of a test can be related to a single replaceable item. The second test characteristic i s selected when an ou~put is determined to be incorr~ct but co.ild be caused by two or 110re replaceable items. When test result cannot be directly interpreted•~ incorrect output, and also cannot b =elated to a single r~placeable item, the third test character is tic is se cted. 
SN 2.3 (4) is the checklist to measure the availability and identification of circuit points for test. Here, it was decided that the need ~~lr a phys · cal test point and the ease with 1o1h • ch a h )Oi<up could be made would af f ct. the speed of diagnosis . If no connection ' s necessary to pe form a test, very little t1~ will be consumed. However, if test points ne~d t o be located and obstructions removed, the tC?st time becomes progr essively qrea ··er. If the item cannot be tested as installed, this character · stic is assigned the gr ea~ st weight because it makes the operational status extremely difficult ·to dc tennine. 
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I SUB-NOTE 2. 3 ( l) Checklist for Test Complexity (Factor x1 ) 

I System _________________ LRU 

A B C D 
Number 

Ident. of 
'res t Characteristic No. Weight Tests Total 

Magnitude (voltage, current) l l 
: 
, Polarity (voltag,J , current) 2 l I 

I Frequency 3 l I 
I I Rise time 4 3 -
I Fall time 5 3 I 
I 

I Pulse duration 6 I l .... 
i I 

Phase 7 3 

I Wave shape 8 5 
I 

Distortion 9 5 -----
Bandwidth 10 5 ----
Gair,. 11 5 

' I Modulation percentage 12 5 i 
i 

I mpedance 13 3 
I 

I ! I 
Resistance 14 l ----- I Standing wave ratio 15 5 ' 

I ! Signal/noise 16 3 I 
I - I I Noise figure 17 3 I I I ' 
' 

Noise intensity 18 3 

Intermodulation 19 5 ---
Go/no-go 20 l 

Multistate pulse train 21 10 

To al 
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SUB-NC7l'E 2.3 (2 ) Checklist for Test 
-

Instrument-1tion (Factor x2) J 

System LRU --
-~ -- -

A B C D 

I Number ,, 

Ident. of 
Test Device No. Weir;ht Tests Ti:>tal 

Multimeter l 2 

VTVM 2 2 ---Oscilloscope 3 10 I 
Di storcion meter 4 7 I -·- I Phase meter 5 I 5 I I 

IffiE-edance meter 6 
I 

7 I I 
Brid e 7 

j 
7 i I 

I 

I 
I 
' Power· meter 8 5 i 

Echo box 9 5 ! 
I I 

I Counter 10 5 I 
i Digital voltmeter ll 3 I 

Differential voltmeter 12 3 I 
' Audio signal generator lJ 5 I Tape tester 14 10 I 
I 
' Mc"Jdulation meter 15 7 i 

Audio output meter 16 2 

Audi.o indicator 17 l 
RF signal generator 18 7 
Pulse generator 19 10 
Power supply 20 5 
DuJllny load 21 3 
Frequency meter 22 7 
Built-in display 23 l 
Automatic test 24 

I 
1 

Total 
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--
I 

I 

I SUB-NOTE 2 3 (3 ) Checklist >.:or Tc•t Evaluation (Factor x
3

) 
f--
' System LRU I 

i -
l A B C D 
I N\.lt'.ber 
I Ident of 

I Test Characteristi c f'Jo . Weight Tests Total . 
I Test result interprets l l I 

I measured value and iden- I I tifies defective unit I I 
I Test result interprets 2 3 --I measured value but tech-i 
' ~ician must associate 

teEt with defective unit 
I Test result must be both 3 5 ' 
I interpreted and associated 

Tot~l 
, 

! SUB-NOTE 2.3 (4) Checklist for Test Availability (Factor x4) I I 

! System LRU 
i 

I 
A B C D 

Number 
11dent. of 

I 
Test Characteristic I No. Weight Tests Total 

I --I No connection need be made I l 
I l 

I Only initial hookup need be ' 2 
I 

3 
made for a sequence of tests I 

I 

I I Hookup must be made to I 3 5 
identified test points 

I 
I , Hookup must be made to 4 7 

I 
unmarked test locations I 
Obstruction must be removed 5 10 

' to gain access to test points 
! LRU must be removed to gain 6 15 ·----acc~ss to test points 

Total 
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For each LRU, th(- checklist evaluation is accomplished by determining how each 
particular output can best be tested within the specified maintenance phi­
losophy and assigned category. The tes t characteristic relating to the selected 
type of test is assigned for each checklist and the test is noted in the 
"Number of Tests" column. After all outputs have been ~-valuated, the number 
of tests is multiplied by ~he weight for each test characteristic and the 
product is recorded in the "Total" column. The sum of the values in the 
"Total" column is the checklist score for a particular LRU and is denoted XTi" 
The procedure is repeated for each replaceable item. Check .. llst scores are 
then combined to obtain an average system checklist value .. This is done by 
multiplying each LRU'£ total checklist score by the failure rate for that 
i tem, swnming these products, and then dividing by the total failure rate 
value for the system. That is: 

Xt • L\i XT/ lli (2) 

To facilitate the presentation of the results of this analysis, the use of a 
summary form as shown in SN 2.3 (5) is reco111Dended. Here, the scores for 
several LRU are contained on .a single sheet, along with the number of tests 
made and the weight for each. It is also suggested that the characteristics 
in each checklist be coded (i .e ,, , for factor x

1 , t:est characteristics 1 
through 21) and the code be noted next to the weight on the summary form. 
This will facilitate review of the checklist scores to determine areas for 
improvement. 

2.4 Compute Expected Total Active Downtime 

When the values of Xt and H(s,f) are determined from equations (1) and (2), 
estimates v~ the fault location/checkout and fault correction/adjustment 
times are obtained by inserting these values in the following equation: 
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Preparation ti.me is given by: 

Tp (airborne) • 0.093 (Td+Tc) 

T~ (ground) • 0.048 (Td + Tc) 

Item obtainment time is given by: 
T. • 2.15 (ground) .l 

= 16.13 (air) 

(See SN 13A2, Paragraph 7 for further expliination of this item.) 
SWlllling (3), (4), and (5) yields an average total active downtime as given by: 

T • T + T + T + T. d c p 1. 

This value can be adjusted to estimate the average (T') when the effect of 
"no trouble foW1d" tasks is included. 

Then T' • 0. 718 T + 8. 963 

-r .inally, the average man-minute~ !?-i.i-!.) to pt.?rform a task is given by: -M.M. • 2.104'1' - 14.20 

3. DETAILED DESIGN PREDIC'!'ION 

(4a) 

(4b) 

(6a) 

(6) 

(7) 

(8) 

The detailed design prediction technique is app:ropriate once detailed fWlc­
tional block diagrams and a complete packaging phil~~ophy are established for 
an equipment. The method of performing the detailed prediction is similar to 
that of the early prediction technique, and together they provide a continuous 
medium for establishing and updating maintainability predictions for a develop­
ing equipment. 'lbe following information is required to implement the technique: 
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• Maintenan ... t! conce1,,t, including s tatus panels and/or ope .-ator 
control pane l layo~ts d built-in test equipment operation 
and interface dal~ 

• Functional block diagrams 

• Equi pment theory o f operation 

• Detailed parts list~ and schematics oc circuit diagrams for LRU's 

• Reliability estimates at the LRU level 

• LRU sketches and/or drawings. 

Th~ information in the first five items is similar to that required for the 

~arly prediction. Howeve~, at this point, engineering judgments and assump­

tions will have given way to program decisions. Some of the equipment will 

be past the sketch phase and into a formal drawing cycle (last item). De­

cisions will have been made on suppliers and subcontractors, and, in many 

cases, individual LRU's will have been breadboarded ar.d tested, 

There ar e five steps associated with this prediction effort. Each is de­

scribed below: 

• Establish maintenance concept. 

• Develop symptom-fault matrix. 

• Determine mai ntenance design characteristics of the LRU's. 

• Complete maintenance tas k time study for LRU's. 

• Compute expected total active downtime. 

3.1 Establish Maintenance Concept 

Establishment of a maintenance concept requires that the analys t determine 

certain facts, includin9 the following: 

• Level of ~ai ntenance (flight line, shop, depot, etc,) 

• Level of replacement (black box, assembly, module or part) 

• Test concept (manual, automatic, or combination) 
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When an early design prediction has b~~n previously made, this step requires a check on the validity of previous assumptions and the incorporation of any changes in philosophy or implementation of maintenance. 
3. 2 Develop Symptom-Fault Ma . ix 
In developing the detailed design prediction, three ~teps precede the develop­ment of the symptom-fault matrix. 

• Prepare fWlctional block diagram. 
• Perform reliability analysis. 
• Conduct failure modes and effects analysis on each LRU. 3.2.l Prepare FW\ctional Block Diagram 

'nle fWlctional block diagram is a refinement of that developed for early de­sign predictions. The guidelineR for developing it are presented in Paragraph 2.2.l and are applicable in this case also. 
3.2.2 Perform Reliability Analysis 
Consistent with the equip.11ent maintenance philosophy, the functional block diaqram will identify the syst.em' s LRU' s. A reliability estimate is now devel­oped for each LRU. These estimates are normally generated as a part of the reliability program. At this stage of design, the estimates should be based on the following: 

• Designer generated parts lists and schematics used to develop breadboard models for formal and/or submitted drawings • Subcontractor submission of parts lists and predictions • Vendor and ■upplier reliability data 
• Calculated and/or actual stress measurements which verify adher-ence to program derating requirements. 

If the required estimates are not available as an output of the reliability program or other contractual requirement, applicable techniques for developing these estimates are given in references listed in Paragraph 2.2.2. 
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3.2.3 Conduct Failure Modes and Effects Analysis 

To develop a symptom-fault ;nacrix for the detailed prediction techniques, the 
analyst first completes a failure modes and effects analysis for the LRU's. 
System failure sympt.oms are established first. A symptom is defined as a loss 
or degradation of a major operational function or output of the system. 
Symptoms are described in terms of the maMer i~ which tiystem signals or out­
puts are displayed operationally or are provided to another system. A sys­
teinatic review of the fl'lllctional block diagram can be used to generat'.e a list 
of symptoms by eXcJl\i.nin _· the following: 

• External sys tem outputs - signals provided to other systems. 
• System outputs - signals output to operators. 
• Status and 1110nitor panels - these often display important internal system signals. 

• Other built··in test equipment (BITE) information. 

A fail~re modes and effects analysis (FMEA) sheet (SN 3.2.3(1)) is developed to 
facilitate analysis and concisely present the results of the FMEA. The method 
used to perform an FMEA. using this sheet is ~s follows: 
a. Each LRU (replaceal:,le item) to !:>e subjected to on-equipment ma · ntenance 
is identified and .: • stE-:d in the "LRU Identification" column. 
b. The major subgroup:; of each LRU are identified in the "Major Subgroup" 
colwnn. If the LRU performs only one basic function, no subgroups need be 
listed and a dash may be entered in this column. 
c. J.ssuming normal inputs to each subgroup listed in the "Major Subgroup" column. 
postulat~ the im_1ortant failure modes of the outputs (signal, power, or controls 
out of specification, etc.). All significant failure modes must be identified, 
although those which have no effect on system operation or a small probability 
of occurrence may be disregarded. 
d. The sum of the fail ure rates of i arts or modules cont rihuting to each 
failure mode are recorded in the •Failure Rae" colwnn. 
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I 

I 

I 

-SUB-NCJl'E 3.2.J a> Failure Mode!. and Effects .'1lalysis (FMEA) Data Sheet I 
LRU Major Failure Failure Dominant Identi f ication Subgroups Mode Rate Symptoms Sr.nptoms 

' 

e. The effect of each pos tulated failure mode (no or i ncorrect output) is traced through the functional block diagram to determine its effect on system operation. This effect is dascribed int.he "Symptom" column and is coded in terms of previously i dentified symptoms. 
f. Once the system symptoms are determined, the dominant symptoms for each failure mode are identifi ed and entered in the "Dominant Symptoms" column. The dominant symptoms are identified by determining which, of all the system failure SYJll)toms, ara the most significant in determining that this LRU failed. For example, in comparing two symptoms A and B, symptom A dominates symptan B if all the LRU's that contribute to A also contribute to B, but not the reverse. 
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'Ille information deriv d from the FMEA is cOllbined i nto a sympt0111-faul utrix 
of replaceable units ver us ul unction~ syapto• as shown in SN 2.2.3 (1). 
'Ille f ~lure rates correaponding to a particular symptom resulting fr011 failure 
modes within each replaceable ur,it are sU11111ed, and the result is ente red in the 
ir.atrix at the point of i ntersection of the replac.ilble item and symptom which 
that failure a>de produced. 'nlua the matrix entries are the fail,1re rates for 
each replaceable item attributable to particular dominant syq,toas. When more 
than one syq,tor.: is associc:.ted with a given failure mode, the failure rate is 
divided equally aaong the indicated symptoms. 

When this initial allocation is complet~ , a reduction in the total number of 
entries may be made by defining compound symptOlllS. A compound symptom is the 
simultaneous occurrence of two symptoms. When a compound symptom is identi­
f ied, t he LIW failure rates which were pre7iou■ ly assigned to the individual 
sygptoms are assigned to the coapound syaptc. col\al'l and deleted from the con­
tributing columns. Compound symptoms containing three or more simple systems 
should be avoided unless they can be used to describe a catastrophi c symptom 
such as "no cabinet outputs", "displays blank", etc. 

Paragraph 2.2.3 provides an example in which compound ~ymptoms are i ntroduced 
to simplify a syq,tom-fault matrix. 

When the symptom-fault matrix is completed, H(s, f ) is computed, using equation 
( l ) and SN 2 . 2 . 3 ( 4) . 

3.3 Determino Maintenance Design Characteristics of Each LRU 

This activity is identical to thab performed for the early design prediction 
and described i n paragraph 2.3. The instructions in paragraph 2.3 are appli­
cable here also. The parameter Xt is omputed using equation (2). 
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3.4 Complete Maintenance Task Time Study for LRU's 

A task time study for the LRU's is required to predict fault correction/adj st­
ment time. It entails the followings eps: 

• Definition of the range of fault correction/adjustment tasks that 
must be performed. 

• Analys~s of a representative sam~le of fault correction/adjustJr.ent 
tasks to determine the subtasks involved and application of time 
standards. 

• Suanary of the results of the second step to estalJlish the average 
fault correction/adjustment time (T ) for the s1stem. 

C 

Task analysis requires that each LRU be examined in detail to determine the 
subtasks that are involved in removing or re~airing the item. The subtasks 
include actions such as removi ng screws, soldering wires, removing modules, 
etc. This time is estimated by applying the basic time standards applicable 
to the rell!Oval, replacement, and interchange of connonly used devices. These 
time standards are based on the assumption that subtasks will be performed 
under ideal (unimpeded) conditions. Impediment correction factors (SN 3.4 (1)) 
are used to adjust the t i me standards to allow for less-than-ideal maintenance 
conditions. If an obstructi~n, poor accessibility, excessive size or weight 
of an equipment , cramped wod~ing space, or other conditions impede a mainte­
nance action, the appropria e impedimen t correction factor should be appliad. 
A sample worksheet to be used in performing a task analysi ~ is shown in 
SN J.4 (2). The average fault correction/adjustment time for the system is 
calculated by: 

1•!1 Al. t . T • ________ c_1_ 

C AT 
Where A . • failure rate of the i th LRU l 

AT • total system failure rate 
t . • estimated task time for ith LRU. Cl 

(9) 
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SUB-NarE 3.4 (1) Impediment Correct i on Factor s I 
Device 

category l Tool or Device 
Impedilll"!nt Correction 

Factor 

I Fasteni ng parts 

Connect i ng ele111ents 

Plug-in compvnents, 
assemblies, and 
subassemblies 

External access 

I Adjustable items 

*No data available. 

Noncaptive s crews 

Captive fQsteners 

Soldered devi ces 

Nonsoldered devices 

Connecting de"ice s 
1 Discrete parts 

Plug-in assemblies 
and subassemblies 

Covers, panels, en­
closures, doors , etc. 

Knob, screwdriver, 
wrench, etc . 

! sue-~cm: 3.4 (2) Sample Fault Correction/Adjustment 
Time Worksheet 

Task Description: 

Time I Impe 'liment Number 
I Subtask Standard j Correr.tion of 
I Descripti on (mi nutes) , Factor Devices 

' 
I 

I ' I 
I I 

I 
I 

; 
I 
I 
I 

I 

I 
I 

Total Unit Fault Correction Time 
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I 

! 
l 
I 

I 
I 
I 

1.5 

1.2 

3.4 

---· 
1.4 

].4 

1.6 

---· 

1.2 

Time 
.,-.!quired 
(minutes) 
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J. 5 Comput e Expected •rotal Active Downtime 

"1en the valu . s o! X and H(s,f) are determined from equations (1) and (2), an 
t 

~stimate of the faul t locati on cime is obtained by inserting the parameter values in the following equation: 

ln Td • 0.420 ln Xt + 0.802 l r, H(s,f) + O. S25 Preparation time is given by: 

Item 

As in 

Then, 

:,P (airborne) • 0.093 ~d 
T (growtd) p 

obtain .. nt time is 
• 0 .048 Td 

given by: 
T. ~ 2.15 (ground) 1. 

• 16.13 (air) 

(See paragraph 7 for further explanation of this item.) equation (9) ,the average fault correction/adjustment time is IA . t . 
T - 1. Cl. 

C 
AT 

the average total 

(10) 

(lla) 

(llb) 

(12a) 

(l2b) 

given by: 

(13) 

active downtime is given by sl.Ullft.ing equations (10) , 
(ll) , (12), and (13). 

T • Td ♦ Tp + T. + T 

(14) 
1. C 

This value can be adjusted to estimate the average when the effect of "no trouble found" tasks is included . Then, 
T' • 0.718 T + 8.%3 

(15) The average man-minutes expended on a maintenance ask is given by: 
M.M. • 2.104T - 14.200 

(16) 
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SECTION 13B 

EXAMPLES OF MULTIPLEXER s 1;;1• M/\INTAINABILITY PRJ,:OICl'IONS 

This s ection contains xamples of applying the maintainabi lity prediction 
procedures d~ ~cribed in Section 13A, DN 13A3 to the Multiplexer Set. 
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SEC'l'ION 138 MULTIPLEXER SET MAIN"rAINABILITY PREDICTION 

DES :::GN NOTE 13Bl - MULTIPLEXER SET EARLY DESIGN PREDICTION 
1. INTRODUCTION 

2. 

2.1 

2.2 

2.2(1) 

2.2(2) 

2.2(3) 

2.2(4) 

2.2(5) 

2.2(6) 

2.2(7) 

2.3 

2.3(1) 

2.3(2) 

2.4 

EARLY DESIGN PREDICTION 

Establish Maintenance Concept (Step 1) 

Develop Symptom-Fault r-tatrix (Step 2) 

Multiplexer Functional Block Diagram 

Demultiplexer Functional Block Diagram 

Reliabi lity Prediction for the Multiplexer Set 

Symptom Matrix (Multiplexer) 

Symptom Matrix (Demultiplexer) 

Symptom-Fault Matrix (Multiplexer Set) 

Worksheet for Computing H(s,f) (Multiplexer Set) 

Determine Maintenance Design Characteristics of the LRU's (Step 3) 
Checklist Summary 

Checkl ist Scores for Early Prediction 

Computation o f Expe~ted Total Active Downtime (Step 4) 

DESIGN NOTE 1382 - MULTIPLEXE_ SET DETAILED DESIGN PREDICTION 
l. I~TRODUCTION 

l(l) Multiplexer Front Panel 

1 ( 2) 

1 ( ) 

1(4) 

2. 

2.1 

2.2 

2.2(1 ) 

2.2(2) 

2.2(3) 

Multiplexer Component Locations 

Oemu tiplexer Front Panel 

Demultiplexer Component Locations 

DETAILED DESIGN PREDICTION 

Establish Maintenance Concept (Step 1) 

Develop Symptom-Fault Matrix (Step 2) 

Mul tiplexe.r Block Diagram 

Multiplexer Diagnostics Block Diagram 

Demultiplexer Block Diagram 
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2 . 2(4) Summar y of Failure Rate Dat a for the Multiplexer Set 

2.2( 5) Symptom Mat r i x (Multiplexer) 

2.2(6) Symptom Matrix (Demultiplexer) 

2.2(7 Symptom-Fault Mat r i x (Multiplexer) 

2.2(8) Symptom-Fault Matrix (Demultiplexer) 

2.2( 9) Worksheet for Computing H(s , f) 

SECT 138 

2.3 Determi ne Maintenance De s ign Charact eristics of the LRU's (Step 3) 

2.3(1 ) Checklist for Detailed Design Predi c t ion 

2.t. Perform Maintenance Task Time Study (Step 4) 

2.4(1) Mul tiplexer Set Task Analysis 

2.4(2) Faul t Correcti on Time Summar y 

2.5 Compute Expected Total Ac t ive Downtime (Step 5) 
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DESIGN NOTE 13Bl MULTIPLEXER SET EARLY DESIGN PREDICTION 
1. INTRODUCTION 

This design note contains step-by-step pr cedures of the early design predic­
tions for the Multiplexer Set. The procedures usP.d are described in Section 
13A, DN 13A3. The steps to be perforl'\ed are outlined below. 

Step - Establish maintenance concept 
Step 2 - Devel0p symptom-fault matrix 

a. Prepare functional block diagram 
b. Perform reliability analysis 
c. Determine failure symptom based on failed item 

l Hardware Level, Failure Rate, Symptom M trix 
2 Computation of H(s,f 

Step 3 - Determine Maintenance Design Characteristics of the LRU's 
Step 4 - Compute Expected Total Active Downt ime 

a. Calculation of Td + T 
C 

b. Calculation of T p 
c. Calculation of T. 

l. 

d. Calculation of T and T' 

2. EARLY DESIGN PREDICTION 

2 .1 Establish Maintenance Concept (St.ep l) 

The combination of allowable maim:er,a1,ce downtime and Multiplexer Set com­
plexity precludes conventional "scope and sch matic" troubleshooting tc.ch­
niques. Integral to the design, therefure, are maintenance aids enabling 
ef ~ect.i. ve, organizational level correction of essentially all systPm failures. 
Bnilt-in performance monitoring provisions signal the existence of system 
degradation or failure. As an integral supplement to the performance 
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monitorinq provi:;ion~, there are fault i:;oliltio11 circuiU;, conlrols, ,ind dis­

plays. The monitoring provisions enable maintenance personnel to fault iso­

late to the replaceable module or printed circuit card level. Front panel 

displays, in the form of illuminating indicators and numerical readout devices, 

relate f, ilure location to the repainna1. 

The r-tul tiplexer Set is housed in two dip-brazed aluminum drawers, one for the 

mul tiplexer and another for the demultiplexer. The drawers measure approxi­

ma•_e ly 21 inches high for a total height of about 42 inches. The 17-1/4-inch 

width makes the equiixnent suitable for standard relay rack mounting. Chassis 

slide~ are mounted on ach side of the drawers. When the drawers are pulled 

out, the drawers May be tilted :!_4 5° and :!_90°. 

All O?erator controls and indicators are mounted on the front panel. Wires 

from the front panel componen~s are routed to the internal electronics through 

connectors which are mounted in a secondary panel directly behind the front 

panel. 

The electronic circuits are mounted on edge-loaded cards which, in turn, are 

mounted in a wiring plane. The multiplexer ldte comparison buffer card may 

be replaced by a source rate to transmission rate con· ·erter card or a transi­

tion encoder card. The demultiplexer smoothing buffer card may be replaced 

by a transmission rate to source rate converter card or a transition decoder 

card. The wires carrying signals between the circuits contained in the wir­

ing planE: assemhly and other circuits are attached to the in-""erconnection 

cards. Access to the wiring plane is through a hinged cover on the drawer 

fastened with li11k-lock fasteners . 

The line dri-,ers ,,r.d line receivers are assembled into enclosed, RFI sealed 

metallic modules. Each module contains two line receiver circuits or two 

line driver circuits. Thirty-two modules are mounted on the back of both 

the multiplexer and the demultiplexer drawers. On the multiplexer, 31 of the 

modules are lin~ receiver modules (total of 62 line receiver circuits) and 
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one is a line driver module (total of two line driver circuits). 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 mqdules are routed into the chassis through 
EMI filters. 

The mulcipl~xer and demultiplexer both contain redundant power supplies, each 
power suppl being a separate case-enclosed assembly mounted directly to the 
drawer. Power distribution between power supplies, wiring plane, and modules 
is by means of laminated bus bars. 

Two air blowers are mounted in both the multiplexer and the demultiplexer. 
One air blower controls the flow of cooling air inside the drawer, primarily 
over the circuit cards, and the other blower controls the flow of air over the 
receiver/driver modules. 

The maintenance concept for the multiplexer and demultiplexer was determined 
by reviewing the user's operational and maintenance philosophy. The concept, 
based upon detection, isclation, and replacement of failed subassemblies in 
the field, was established in the Request for Quote (RFQ). This philosophy 
was in consonance with the basic Air Force maintenance philosophy for fixed 
ground installation type conununications systems. 

2.2 nevelop Symptom-Fault Matrix (Step 2) 

Development of a symptom fault matrix requires that the following information 
be developed or prepared for the system. 

• Functional block diagram 
• Reliability analysis 

• Fa~lure symptom based on failed item 
a. Prepare Functional Block Diagram 
The Multi~lexer Set is applied in the Defense Communications System (DCS) for 
combining digital channels into a single, time-division multiplexed, digital 
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data signal. The first application of thl.! Mul t iplcxl'r ~,•t i s 1'Xp1•c t erl to hi • 

.i n the l'haSL' I I Dcf,•nse Satcl li tl\ Communi l'a tion :; ::ys t,•1·, (11:;l·~, l'h,l!,1' 11). 

Satellite access and short-haul, high-de nsity applicat i ons also will involve 
TDM transmiss ion over wideband ground links. The wide variety of data rates 
which must be accommodated to servic':? t he many DCS users properly results in 
a wide range of the number of cha.nnel inputs to a multiplexer; it further re­
quires the apabili ty to cascade multiplexer sets to reach high data rateJ for 
efficient link loading. 

The Multiplexer Set provides asynchronous time divisi n multiplexing and de­
multiplexing capabilities. The multiplexer portion (see SN 2.2(1)) accepts 
various low".:,: rate digital input streams and interleaves them into a single 
higher speed digital stream. The demultiplexer portion (see SN 2.2(2)) 
accepts a high-speed digital stream, with associated timing, and disass~mbles 
i t i nto a n~"'\ber of lower ra ;~ d i gital streams. The multiplexer set provides 
full duplex op~~~~i 0n, performing independently and simultaneously the multi­
plexer and demultiplexer functions. 

The Multiplexer Set acquires frame and maintains bit count integrity on all 
channels while accepting i nput data timing var i ations within prescribed limit~. 
The multiplexer set automatically determines where an out-of-frame condition 
exi ·ts. Upon determination of t P ·.s condition, the equipment automatically 
and c0ntinuously attempts to reacquire in-frame condition. When the cause 
for out-o~-frame condi tion has been removed, the reacquisition of in-frame 
condition is automatically accomplished. 

The multiplexer automatically generates and transmits, as part of the composite 
multiplexed output data stream, the overhead data required for proper opera­
tion of the demultiplexer. The multiplexer does not r equire information from 
the demulti~lexer to perform the overhead data function. The demultiplexer 
receives and ~utomatirdlly detects and utilizes the overhead data for proper 
operation of th~ demultiplexer . 
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CHAP 13 - MAINTAINABILITY PREDICTIONS ON 1381 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 
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CHAP 13 - MAINTAINABILITY PREDICTIONS DN 13B1 SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

b. P1•rform Rpli.1hil i ty J\nal ysi.· 
I\ pr•liminary r e lialiility predi. c ti.on wa s per form'd 011 th Multipll' Xl'r . : l•t. 
Failure rate was developed based on the following: 

Primary Source - RADC-TR-67-108 and RADC-TR-69-350 
Secondary Scurce - MIL-HDBK-217A 
Other - RADC-TR-69-458 

Th predicted failure rate for the Multiplexe r Set, consisting of the multi­
plexe r and demulti1ilexer, is 510 . 04 failures/106 hours. SN 2.2(3) delineates 
the f a~ lur , rate for th~ hardware items comprising the set. 
c . Determine Failure Symptom Based on Failed Item 
The system symptom matrix indicator, symptom, and type of display matrix are 
shown in SN 2.2(4) and SN 2.2(5) for the multiplexer and demultiplexer, 
respectively. The symptom matrix was prepared based on the analysis of the 
design concept for the item and the overall fai..:lt isolation features proposed 
for i ncorporation. Basically, these features are as follows: 
(1) When unacceptable equipment performance is detected, front panel indica­
tors show the equipment function involved. When repeated application of a 
given function is made within the design, the front panel readout also relates 
the specific iteration of the function affected. Opening the equipment drawer, 
the repairman finds replaceable subassemblies labeled to correspond wit.h the 
front panel display. As an example, a failure in channel 23 rate conversion 
~i r uit£ causes the error monitoring circuits to illuminate the front panel 
RCB/ STRC indicator. To de termine which RCD channel is affected, the repair­
man depresses the CHANNEL NUMBER INITIATE pushbutton. The CHANNEL NUMBER 
i ndicator displays the number 23, comple ting the isolation process. Checkout 
following repair is an automatic function, performed by the on-line perfonn­
anc Monitoring circuits. 
(2) A self-test feature is provided for periodic confidence checking of 
built-in monitoring and isolation circuits. 
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CHAP 13 - MAINTAINABILITY PREDICTIONS ON 1381 SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

SUB-N rE 2.2(3) Reliabil i ty Predic-tion for the Multiplexer Set I 
Base Failure Rate Quant i ty Failure Rate Itf".m (Fa i l ures 1106 hr ) per S~t (Failures 1106 hr) 

Multiplexer Set 
510.04 

Multiplexer 
186.89 

Front panel 5.04 1 5.04 Line receiver 0.67 b2 41.54 Receiver circuit 0.29 I 
I 
I Diagnostics 0.38 I 

! I Rate comparison buffer 3.01 31 93.31 I I Connon electronics 21.12 1 21.12 
I 

! 
I 

! 
t Timing 2.04 l i 2.04 : Line driver 2.17 2 4.34 ' I Driver circuit 1.20 I I 

I 
I Diagnostics 0.97 
; 

Power supplies 11. 00 I ---· 11.00 ! I I ' I I Air blower 3.40 2 6.80 I i 
I I I R !lay board 1. 70 l I 1.70 I Demultiplexer I 

323.15 i I I 

' ' Front panel 5.11 l ' 5.11 
I 

I I Line driver 2 . 17 I 62 I 134 .54 I Driver circuit 1.20 I I ! Diagnostics 0.97 I 
! 

Smoothing buffer 3.55 31 110. 36 Conanon electronics )6.00 1 36.00 Timing 10.00 1 10.00 Line rece iver 0.67 2 1.34 Receiver circuit 0.29 
Diagnostics 0.38 

Power upplies 17.00 ---· 17.00 Air blower 3 .40 2 6.80 Relay board 2.00 l 2.00 

*Redundant 



CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLE:; OF MULTIPLEXER SET MAINTAINABI LITY PREDICTIONS ON 13B1 

SUB- NOTE 2.2(4) Symptom Matrix (Multiplexer)L _____________ _ 

Type of Uisplay 
Symptom 

No. I Indicator Digital Symptom I Light Readout I 
1 Out of tolerance (Sourc data X t imi ng rat..: exceeds limit) 
2 Error channel card 

X X 3 Error channel module 
X X 4 Error combiner card 
X X 5 Error driver module 
X X 6 Error timing module 
X X 7 Error power supply 

-1 
-2 

Power supply l 
X Power supply 2 
X 8 Indicator lamps (Lamps fail to X light during lamp test 

I circuitry) 
- I 

Incorrect operation after 
X X c rrective action 

10 Inability to perform major 
X X unctions (self-test, r eset , e tc.) 
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f SUB-NOTE 

Symptom 
No. 

l 

-1 
-2 

I 

I 2 

l 

I 3 

I 4 

I 5 

6 

7 

-1 
-2 

8 

9 

10 

2.2(5) Symptom Matrix (Demultiplexer) 

I Symptom 

Loss of frame 

A - Loss of frame sync 
8 - Loss of frame 

(source generated) 

Error ra~e 
(Selected link error 
rate threshold is 
exceeded - source 

Error channel card 

Error channel module 

Error combiner card 

Receiver module 

Power Supply 

l'ower supply l 
Power supply 2 

Indicator lamps 

problem) 

(Lamps fail to light 
during lamp test circuitry) 

Incorrect operation 
after corrective action 

Inability to perform 
major functions 
(self-test, reset, etc.) 

I 
Type of 

Indicator 
Light 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

ON 13B1 

Display 

Digital 
Readout I 

I 
I 
I 
I 

I I 

I I 

I 
! I 

I 
I 
I 

I 
I I 
I I 
I I 

I I 
I X I 

I 

I X ' ; 

! X 
I I 

: 
X I 

I 

I I 
I 

I ' 

X 

X 



CHAP 13 - MAINTAINABILITY P DICTIONS ON l ~Bl SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PRE ICTIONS 

(3) n-1 · ne pc r forman<:<' moni or i ng of numerous <'quipment functions is r e ­quired. Because the se f unction::; vary wi<l ly, the monitoring c ircuit associ ­ated with a function tends b) be func tion peculiar in itself. This factur is used heavily in the basic fault isolation approach. In Pssence, a discrete monitoring .iccui t arrangement is required f or each equipme t function. Detected impropf'.t" operation of that function inherently isolates the failure location to a small electrical portion of the equipment. 
(4) The proposed packag i ng a-sign is totally g iven to a functional arrange­ment, with most circuit functions completely contained on one or two rep ace -bl e printed circuit cards. 
(5) When a given function has mult ipl e application wit in an equipment, a cannon monitoring circuit can evaluate func tion performance, but normally cannot distinguish which of the several iterations of the function is at fault. With the Multiplexer Set equipment, input and output conversion, buffering, ar.d amoothing functions are incorporated in multiples cons i ~tent with input/ output channel count. A common monitoring circuit sequer. tially evaluates these repetitive functions, stopping only when an out-o f -tolerance condition is detected. D~signation of the specifi~ .. ~!func tioning chanr , l is provi ded at the equipment front panel by means of numerical readout. This readout is based on stat us of the monitor circuit ~ quencer at the time of fault detec­tion. The use of this technique for diar;noslic re::;olutior i..s exce llent, with .:\ ty ' l.C...il callout of two printed c ircuit ca rds. 

(6) The de sign .i ncorpo rate a uni q e t ec hn it1u • rnr isolating power distribu­tion failures. Ea h repl ~r.eable printed c ircuit card incl des a fu~able link at it · power i nput. A miniat·urc indi cator is connected across this link. Abnormal current demands by car.J c<"Jmponents cause the fus link to open and the i ndicator t o illuminate. The lo d si des of all fusabl e links are also sensed by a col'll'IIC>n c i rc 11it whose output drive s a front panel CARD USE i ndi ­cator when a power distribut ion failure occurs; this indicator is illumina_ed 
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CHAP 13 - MAINTAINAqILITY PREDICTIONS ON 13B1 SECT 13B - EXAMPLES OF MULTIPLEXE. SET MAINTAINABILITY PREDICTIONS 

while the power supply continues to drive unaffected functions. Advised that an overload situation has occurred, the repairman quickly locates the defec­tive 3ubassembly by opening the equipmeGt and identify'ng the printed circuit card whose innicator is illuminated. 
(7) Redundant power supplies permi replacement of defective units at failure occurrer.ce or at a later time as dictated by operational requirements. Auto­matic monitoring and switching circu.its are provided. Front panel indicators relate which supply is on line, and which supply has demonstrated on out-of­tc1.erance condition. 
(8) The fault isolation provisions are effective for 94.7 percent of the 
total equipment failures. Of the remaining 5.3 percent, occurring primar ily in connectors, interconnecting wiring, and discrete front panel components, 
the integral di agnostic provisions offer a substantial degr~e of fault locali­zation. Tliis occurs due to the functional arrangement of test and packaging designs. Improper operation of a function, when not corrected by replacement of its associated printen circuit cards, can generally be expected to lie 
within wiring or other such items associated with t e function. Thus localized, the spe ific failure location can be determined by cl'mventional continuity 
checking procedures. 
(9) For use i n those cases where cnntinuity checking of automatically local­ized malfunctions does not yield t 1e exact failure location, each replaceable printed circuit card is equipped with several test points to which key signals and voltages are routed. These test points are conveniently located along 

the outer edge of t~e card, the by substantially r.educing the need for use of an extender device. 

The next step in the prediction process is to construct a symptom-fault matrix. This step is to determine the effects of failure of hardware item (see SN 
2.2(6) on the symptom (see SN 2.2(4) and SN 2.2(5)) occurrence. Basica:lv 
defined, it is the allocation of the failure rate of each hardware item i n 
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DN 13B1

1 
1

c

1

1
A

"3
3

2 e

m 2 2
m o•
2 »»

2 :
s

- 8
S

e

* 5
i

- £
2

7

I

1
2 
5

ii
1

2 s o

«
« O

2
2 »»

1 s

s

i
o

- i

s
~ »
-

£ S 
« "

3!
i

2 z s 8 * p ««
a

<
2

8
X

a 8 8« 8 Z
o

1! 
i '

i
i ^ '

ill
i
I
i

11 z
i

!.

IH
I £ 5

t1
1 !

i

i
1

1!
I* IH i

8

i
M

1
1

{ S 8

ii!
3

:1
i 1 «

1
f
1

to

•
i

602



CHAP l3 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

ON 1381 

relation to the percent contributi on to each symptom id~ntified in the symptom 
matrix. H , • steps i development of the symptom-fault matrix a:i:e as follows: 
a. Hardware Level, Failure Rate, Symptom Matrix 
The combined information from SN 2.2(3), SN 2,2(4), and SN 2.2(5) forms the 
basis for development of the symptom-fault matrix delineated in SN 2,2(6), 
b. Computation of H(s,f ) 

The average information associated with the occurrence of a symptom and fail­
ure, H(s,f), is calculated from the n~trix in SN 2.2(6), using the following 
equation: 

Where : 

H(s,f) = - IP .. log
2 

P .. 
l.J l.J 

H s,f) the average information ,ssociated wit~ the occurrence of 
a ymptom (s) and a fail re (f) 

P , . 
l.J 

= Aij 
Ar 

Each matrix entry appears in SN 2.2(7) as a failure rate (A .. >. The total 
l. J failure rate AT is shown at 

a fraction P .. =A· ./ AT and 
l.J l.J 

the bottom. Each failure rate is converted to 
3 scaled by a factor of 10 in the second column. 

Columns three and four contain L(ij) = -log2 P .. and P . . L (ij), respectively , l.J l.J the lat t er being scaled -by a factor of 103. The last column is summed to 
obtain H(s,f) and is 2.958. 

The third column, which is L(ij), is determined based on the following change 
in base formulae : 

thus 

logb X 
Log X = ---a logb a 

log
10 

X 
log2 X • -­log

10 
2 

where X = P . . 
l.) 
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I 
' I 
I 

I 
I 

I 

' 

SUB-NOTE 2.2(7) Worksheet for Computing H( s ,f) (Multipl exer Set~ 

Aij 

5.04 
40.146 
1.394 

93.31 
19 . 12 

2.0 
2.04 
4.34 
5.2 
5.2 
0.6 
6.8 
l.O 
l.O 
5.11 

134 54 . 
110. 36 

34.0 
2.0 

10.0 
1.34 
8.2 
8.2 
0.6 
6.8 
1.0 
1.0 

I510. 04/106 

I 

I 

I 
I 

Ai · 
pij = x;-

(X 103) 

9.8814 
78. 7102 

2.733 
182.9435 

37.4866 
3.9212 
3.9996 
8.509 

10.1951 
10.1951 
1.1763 

13. 332 
1.9606 
1.9606 

10.0186 
263 779 . 
216. 3718 
14.4234 

3.9212 
19.606 

2,6272 
16.0769 
16.0769 
l.1763 

13. 332 
1. 9606 
1. 9606 

P . . L 
l.) 

(ij) 

L (ij) 
= -log

2 P .. 
l.) 

X 10-3 = 

604 

6.6616 
3.6676 
8.5160 
2.4509 
4.7382 
7.9953 
7.9671 
6.8775 
6.6173 
6.6173 
9. 7331 
6,2961 
8.9956 
8.9956 
6.6430 
l 9228 . 
2. 2085 
6 .1162 
7.9956 
5 . 6734 
8. 5770 
5. 9601 
5 . 9601 
9 .7328 
6 . 2961 
8.9956 
8.9956 

H(s,f) = 

I 

I 
I 

I 

I 

I 

I 

2.958 

P . . L (ij) 
l.) 

(X 103) 

65.8259 
288.6775 
23.2742 

448.3762 
117 .6190 

31. 3511 
31 . 8652 
58.5206 
67 .4640 
67.4640 
11.4490 
83.9396 
17.6367 
17.6367 
66.5535 

507 1942 . 
477.8571 
88.2163 
31. 3523 

111. 2326 
22.5334 
95.8199 
95.8199 
11.4486 
83.9396 
17.6367 
17.6367 

I2950, 3405 
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SECT 138 - EXAMPLES OF MULTIPLEXER SET MAIN'l'AINABILITY PREDICTIONS 

Example: 

log
2 0.256 = 

= 

= 

loglO 
0

• 25& = log (2.56 x 10-l) 
log10 2 0.3010 

log10 2.56 + log
10 

0.1 

0.3010 

0.4082 + (- 1) 0.5918 
0.3010 =---

0.3010 
= -1.96 

ON 13B1 

2. ] Determine Maintenance Design Characteristics of the LRU's (Step 3) 
The design for maintenance is assessed by completing four design checklistr.. relating to testing of each lowest replaceable unit (LRU). Each checklist score reflects the manner in which the outputs of the LRU's are displayed or measured within the scope of the established 111dintenance con~ept. The check­lists are delineated in SN 2.3(1). The results of this effort are delineated in SN 2.3(2). The LRU's in each functional block are scored in relation to the checklist factors for complexity, instrumentation, evaluation, and avail­ability. Upon completion of the summary matrix Xt' the average maintenance checklist score is ca:· cu lated based on the following: 

Where: 

a X + X + X + X 1 2 3 4 

The solution of Xtfrom results in SN 2.3 (2) yields: 

x = t 
_3_9_49 __ .2_8 ___ • 

7
. 74 

3 510.04 
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13 - MAINTAINABILITY PREDICTIONS DN 1381 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

SUB-NOTE 2.3(1) (Sheet 1 of 4 sheets) Checklist Summary 

Test Complexity (Factor x
1

) 

S stem LRU ----------------

Test Characteristic 

Magnitude (voltage, 
current) 

Polarity (voltage, 
current) 

Frequency 

Rise time 

Fall time 

Pulse duration 

Phase 

Wave shape 

D1.stort1on 

Bandwidth 

Gain 

Modulation percentage 
Impedance 

Resistance 

Standing wave ratio 
Signal/noise 

Noise figure 

Noise intensity 

Intermodulation 

Go/no-go 

Multistate pulse train 

Total 

A B 

Ident. 
No. Weight 

1 1 

2 1 

3 1 -
4 3 

5 3 

6 l 

7 3 

8 5 

9 5 

10 

I 
5 

11 5 

I 12 5 

13 3 

14 1 

15 5 

16 3 

17 3 

18 3 

19 5 

20 1 

21 10 

606 

' 

I 
I 
I 

' 

C Number 
of 

Tests 

D 

Total 

' 

I 
I 
I 

I 
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SUB-NOTE ;.3(1) (Sheet 2 of 4 sheets) Checklist Summary 

System 
I 

I 
I 

Test Device 

I Multi meter 

VT':M 

1 
use i lloscope 

Distortion meter 

Phase me ter 

j I mpedance meter 

I Bridge 

I Power meter 

• Echo box 

! Counter 

Test 

Digital voltmeter 

Di ffe r ential voltmeter 

I Audio signal generator 
I I Tape tester 

I Modulation meter 

! Audio output meter 

, Audio indicator 

I RF s i gnal generator 

I Pul se generator 

I 
Power supply 

Dummy load 

! Frequency meter 

Built-in display 

Automatic test 

Total 

Instr umentation 

I 

i 
i 

LRU 

A 

!dent. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

607 

(Factor X2) 

B 

I 

I 
I 

I 

We i ':lht 

2 

2 

10 

7 

5 

7 

7 

5 

5 

5 

3 

3 

5 

10 

7 

2 

1 

7 

10 

5 

3 

7 

1 

1 

. 
I 
I 

I 

i 

C Number 
of 

Tests 

DN 1381 

D 

Total 

I 
I 
I 

I 
I 
j 

I I 
I 

j I 
' 

' I 
I I I 

I I I 
I ' 
I 
I 
I 

.. -
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SUB-NOTE 2. 3 (1) (Sheet 3 of 4 sheets) Checklist SUlllnary I 
Test Evaluation (Factor X3) 

System LRU 

I A B C D Number 
Ident. of Test Characteristic No. Weight Tests Total 

Test result interprets measured l l value and identifies defective 
unit 

Test r ~sult interprets measured I 2 3 I value but technician must asso- I 
ciate test with defective unit I 
Test result must be both inter- 3 5 preted and associated 

Total 

I SUB-NOTE 2.3(1) (Sheet 4 of 4 sheets) Che~klist Sunnary I i 

I Test Availability (Factor X4) ' ' 

1 System LRU 

-A B C Number D I 

!dent. of Test Characteristic No. We ight Tests Total 
I No connection need be mad~ l l I ' 

' 
nly initial hookup need be made 2 3 for a sequence of tests I I I I 

Hookup must be made identi- 3 to 5 fied test points 

Hookup must be made to unmarked 4 7 test locations 

I Obstruction must be removed to 5 10 gain access to test points 
I 

LRU must be removed to gain 6 15 access to test points 

Total 





CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

2.4 Computation of Expected Total Active Downtime (Step 4) 
a. Calculation of Td + Tc 

ON 1381 

Estimations of the fault location/checkout time and fault correction/adjustment 
time are obtained by injecting the parameter values for H(s,f) and Xt deter­
mined in step 2 (Paragraph 2,2) and step 3 (Paragraph 2.3) into the following 
equation: 

ln (Td + T ) 
C 

• 0.325 ln xt + 0.805 ln H(s,f) + 1.293 

ln (Td + T ) 
C 

• 0.325 ln (7,743) + 0.805 ln (2.958) 

• 0.325 (2.04678) + 0.805 (l.08451) 
• 0.6652 + 0.87303 + 1,293 • 2.8312 

ln (Td •Tc)• 2.8312 

then Td +Tc• 16.97 minutes 

0 . Cal culation of T 
p 

+ 1.293 

+ 1.293 

Since the Multiplexer Set is a ground system, preparation time is given by the 
equation: 

Tp = 0.048 (Td +Tc)• 0.048 (16.97) c 0.8145 minutes 
c . Calculation of T 

1. 

Item obtainment time for ground equipment is: 
T. • 2.15 minutes l 

d. Calculation of T and T' 

The average total active downtime is given by: 
T • (Td + Tc) + Tp + Ti 

T = (16.97) + 0.8145 + 2.15 s 19.93 minutes 

Adjustment to estimate the average (T') when the effect of "no trouble found" 
tasks is included yields: 

T' • 0.718T + 8.963 

• 14.309 + 8,963 ~ 23.272 minutes 
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Th~ prediction "ct for the multiplexer set based o MIL-HDBK-472 Method II 
and III procedures was 9.44 llli.nutes. This value did not include item obta in­
ment time (2.15 minutes or adjustment to include "no trouble found" tasks. 
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DESIGN NOTE 1382 MULTIPLEXER SET DETAILED DESIGN PREDICTION 
l. INTRODUCTION 

The major changes in d~sign or concept between the early design and the final design of the Multiplexer Set were that the early design features had no ther­mal alarm, access to printed circuit cards was by extending and rotating the chassi s 45° to 90°, the display was an electromechanical type, and the blower was a conventional type with leads attached to a terminal strip. In the 
final design, configuration and access are as shown in SN 1 (1) through SN 1(4), the display is digital readout, and the blower is a plug-in unit. 

2. DETAILED DESIGN PREDICTION 

2.1 Establish Maintenance Concept (Step 1) 

The Multiplexer Set consists of two rack-mounted units: the multiplexer and the demultiplexer. The set provides a data terminal capable of full duplex operation. The multiplexer provides asynchronous time-division multiplexing by accepting up to 31 data and timing inputs at "arious rates and overhead information and interleaving them to form a singl,e digital data plus timing output at a correspondingly higher rate. The demultiplexer accepts the 
single data plus timing input and recon3titutes the original data rates and timing inpu s originally supplied to the 1nul tipleicer. 

The front status panel for the multiplexer is shown in SN l (1) and for the demultiplexer is shown in SN l (3). The physical arr·angement of component■ in the multiple~ur is shown in SN l (2), and in the demultiplexer is shown in SN l (4). 

The multiplexer set incorporates built-in diagnostic circuits that detect and isolate malfunctions within the equipment. These circuits operate in three 
modes: automatic, diagnostic self-test, and lamp test. 
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SUB-NOTE l (1) Multiplexer Front Panel 
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DN 13B2

SUB-NOTE 1 (2) (Sheet j of 2 sheets) Multiplexer Component 
Locations
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DN 13B2

SUB-NOTE 1 (2) (Sheet 2 of 2 sheets) Multiplexer Component 
Locations
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lsuB-NO'l'E l (3) Demultiplexer Front Panel 
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DN 1332

SUB-NOTE 1 (4) (Sheet 1 of 2 sheets) Demultiplexer 
Component Locations
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DN 13B2

SUB-NOTE 1 (4) (Sheet 2 of 2 sheets) Demultiplexor 
Component Loeacions
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a. Automati Mode 
Diagnostic circuits within the equipment automatically detect and display the source of a majority of malfunctions t o a single replaceable subassembly, such as a printed circuit CMP, power supply, or line driver/receiver module, but in selectoo cases to two or more of these items. 
b. Self-Test Mode 
Periodi c confidence testing of the automatic diagnostic circuits is provided by the diagnostic self-test mode for both the multiplexer and demultiplexer. Simul~ted errors are i ntroduced into all operating circuits monitored by the automatic diagnostic function. 
c. J.amp-Test Mode 

Activation ~f he LAMP TEST switches permits check of the lamp circuits. All individual operating and error indicators light and a numerical display ap­
pears in the digital readout. 

The maintenance concept for the mt1l tiplexer and dernul tiplexer was determined by receiving the us,er' s operational and maintenance philosophy. The concept, based upon the det£!ction, isolation, and rep ~cement of failed subassemblies in the field, was established in the Request for Quo~e (RFQ). T~is philosophy was in consonance with the basic Air Force maintenance philosophy for fixed 
ground insta.llatio type communications systems. To complement the concept, the equipment incorporates automated a nd semiautomated diagnostic circui ts 
and a higher modular packaglng arrangement. These characteristics enable cor­rection of most failures by subassembly exc hange . The remaining failures will occur in discrete chassis-ocunted components and replaceable subassemblies. 
Conventional troutleshooting and repair techniques are used for correction of these failures. 

The maintenance concept, hardware level for maintenance, and type and level of diagnostics were also based on the specified design re~ui~ement at 10.0 minutes mean corrective time (M ) and 30.0 minutes maximum (95th percentile) correc-ct 
tive maintenance time (M t). max c 
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2.2 Develop Symptom-Fault Matrix (Step 2) 

Deve lopment of a s~mptom-fault matrix requires that the following information be dev~lo~ed or prepared for thP. system: 
• Functional block diagram 
• Reliability analysis 
• Failure symptom based on failed item 

a. Preparing Functional Block Diagram 
A functional block diagram of the Multiplexer Set is shown in SN 2.2(1). The area enclosed by dotted lines is the diagnostic block diagram. 
(1 ) Multiplexer 

The multiplexer is normally provided with inputs of data plus timing, but alternate inputs may be provided. Each input may be connected to one port or to several ports strar~ed together. The data and timing inputs to each chan­nel are passed through two identical line receiver circuit cards in the low­speed line receiver mo ~le to the appropriate channel card. The channel card may be any one of the option cards available. Available option cards include rate comparison buffer (RCB), source to transmission rate converter (STRC), transition encoder (TE), or timing recover (TR) card. Whichever option is installed, the function of the channel card is to accept data into an elastic store at the data rate and to clock data out of the store at the multiplexer system rate. Provided that the incoming data is within tolerance, the chan­nel card will generate a positive stuff, negative stuff, or no-action command to the overhead enable generator. Data from the channel cards (up to 31 in operation) and the overhead information are multiplex d in~o a interleaved data stream. The multiplexer system clock is derived either from the internal reference timer or from an external timing source whose output is fed through a high-speed line receiver. The system clock is the source of all multiplexer internal timing and is used as the basis of the many gating and address code outputs of the gated clocks card. 
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The switch positions on the strapping owitch card indicate to the channel se­qu~nccr and ports quencer cards which channels are active, which are strapped, and wl ich are not used. The port sequencer counts the number of ports in use, and the channe l sequencer informs the gated clocks which channels are in use and which are the active and strapped channels. The sequencer diagnostics card contains the circuits that compare the port sequ~nce with minor frame counts and not .'. fy the gated clock when the t\!fo are equal. The gated clocks card acts as a central control and provides gating signals and/or address codes t:o the ch,:mnel cards, the overhead enable generator, and the data multi­plexer. These functions ensure that the correc:t channel and port sequences arc observed, worn count and minor frame count are observed, and the overhead bits are properly interleaved anct the overhead channel identification code ccincides with the co~rect minor frame. 
Multiplexed data and over head information plus timing are passed to two iden­tical line driver circuit cards in the line driver module. The line driver output of bipolar NRZ data plus timing is also the mu.ltiplexcr output. (2) Multiplexer Diagnostics 
The functional block diagram of the multiplexer diagnostics is shown in SN 2. 2 (2) . 

The multiplexer d'agnostics system is divided into two major parts: the first part consists of the diagnostLc circuits for all of the channel elec­lronics; the second part consists of the diagnostic circuits for the common electronics. This division is shown in SN 2.2(2). 
In the channel electronics, channel cards stuff signals PSTFXX and NSTFXX are inspected for stuff commands only at W29 so that the lines OSTF and NSTF are used for diagnostic signals from Wl to W24. Common test signals are provided to all channel cards from the channel monitor to exercise portions of the channel card circuits so that predictable stuffing signals appear on the PSTF and NSTF lines for each channel during the Wl and W22 time period. During 
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SUB-NOTE 2.2 (2) Mul lipl cxcr Di ,,gnostics Block Diagram 
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W~ .3 , ~n out ··of-tolcranc~ condition is imposed, dnd during W.!4, the contents of the e rror latches f ~r the channel r.ard receiving overhead service are transf rred to the channe l monitor. The PSTF and NSTF lines all feed to the overhead enabl e generator, where the channels are m11ltiplexed by the overhead register binary nwnber so that two output lines PSA and NSA transmit the diag­nostic data to the channel monitor. Each channel tas its diagnostic data pre­s ented during its minor frame for overhead service. The channel monitor in­spects the incoming diagnostic data, and if a error indication is received, the two-digi t display on the front panel indicates the number of the defective channel card or module. In addition, the lamp driver circuits are activated to light e ither thP. r.ARD or MODULE er or indicator. 
The comr:on electronics cards are not exercised as the channel cards are, since dead time is not available in the common electronics circuits. In th se cards, the diagnostic circuitry checks the circuit functions and pro­vides an output, held in an error latch, when an incorrect function is de­t ected. The malfunction signals, including the port sequencer and channel sequence r malfunction signals, which are generated on the sequencer diagnos­tics card, are supplied to the lamp driver cards to light the appropriate front panel indicator. 

The three front panel switches associated with the diagnostic circuitry per­form the following functions: the ERROR RESET switch, when actuated, resets al l e rror latches in the multiplexer; the SELF TEST switch, when actuated, applies a known malfunction to all circuits so that all error latches are set and all error indicators light; and the LAMP TEST switch, when actuated, apol ies i nputs to all lamp drivers to light all front panel indicators. (3) Demultiplexer 
A functional block diagram of the demultiplexer is shown in SN 2.2(3). 
The demult iplexer inputs are the multiplexer outputs, one of which is data plus overhead information, and the other is timing. The two inputs are fed 
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throuqh two idcntic,,l circuit c..1rds in thr. high-spc d line reccivt.'r module to 
the fr.,r.,c- :,ync ~,nd v,uicibl,·-lvnglh shift rc-gister Cdrds. The fru111c sync card 
per forms a it-by-bit sc..1n of the incomi rag data unt il the fir5t 11 bi t5 of 
one of the three ovcrhccJd sync codes arc recognizcrl. When this occurs the 
next l:! overhead bits are inspected, and if the complete 23-bit sync code is 
correc~ (i.e., it conforms to one of the three sync codes with an error of 
two bits or less), the frame sync card locks into sync. A sync puls is sent 
to the port s equencer to initialize port sequence, word count and overhead 
data is sJpplied to the 1emotc alarms card , and stuff information is provided 
to the gated clocks card. The rem~te alarms card uses word count and over­
head information to produce a minor frame count output to the sequencer diag­
nostics. 

The switch p si tions on the strapping swi t c!\ card indicate to th,! channel 
sequ<'nc<'r and port s quencer cards which channels arc active, ,-;hich are 
strapf'ed, c1n,l which are not used. The port :;cqucncL r counts the number of 
ports in u~e, and the channel sc-quencer i nforms the gated clocks which chan­
nels ar<' in use and which art! the active and strapped channcl5. An output 
rcpresc-nting the number of ports used is provided by the port sequencer to 
the variahl <:? -length shift registe r. This informcJtion enables the: variable­
length shift r egister and frame sync cards to scan incoming data for the first 
11 bits of the overhecJd sync code by knowing the number of bits in the in­
coming d,ita word~, as the n~wc r of bi t equ~ls the nu:nbcr of ports used plus 
one. 

The data output fro~ the frame sync card is identical to its input. The 
fram~ ~ync card doc!-. not process the data, but provides an output data bus 
th"t is c0nnected to all 31 channel cards. The gated clocks card provides 
tl o qalillg signals to all channel cards to perform the demul tipl<.•xing pro­
cc-ss. Each ch1nncl ca rd clocks in a data bit from the dat bus cJt the time 
it is <maul d hy the g,,tcd clock input. The data bit i s passed into an 
elJs tic store similar to that in the multiplexer input channel. U~ta is 
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c locked out of the store a the rate set by the timing di strihut. ion matri x 
utput. Data into the store is at an unsmooth l'ate, as the gat d clock 

tc'nablcs the input of data bits plus positive stuf f bits, or i nhibits data bits 
iur th negative stuffing action. The e lastic store output is at a smooth 
rate proportional to the output timing, which is monitored by a dig.ital phase­
lock-loop comparison of clock in to clock out. As the data clocked in in­
creases or decreases in rate, the output ti:.,ing compensates smoothly, over a 
relatively long time period, until input and output rates are identical and 
th~ output is smooth. The data output is now transparent to the multiplexer 
ata input. Output data and timing signals are I,>assed through t.wo identical 

circuit cards in the line driver module. 

Output timing is independently derived in the demultiplexer by an oscillator 
~arrier card and frequency synthesizer card producing many high frequency 
c lock signals. The synthesizer distributor card provides a matrix for manual 
µr ,1cction of the clock range required, according to the demultiplexer chan­
nel output rates. The two divide by N counters are a~.so manually preset to 
ount down the high frequency preselected clock signals to a frequency that 

1s 2 ➔ times the channel output rate. The timing nistribution matrix provides 
a manual preselection for each output channel f om the counted down clock fre­
quencies. Thus the jemultiplexer clock ranges , frequency division rates, and 
ap lic~ble output channels are preset to give timing output at 24 times the 
channel rate. Divide by 24 action top ovide the actual channel timi~g is pro­
vider in the channel card under control of the digital phase-lock-loop cir­
cuit. If the input rate is greater than 518.4 Y.bps, a divide by 12 (instead 
of a divide by 24) action is initiated to provide the actual channel timing. 
b . Perform Reliability Analysis 

A preliminary reliability prediction was performed for the major items identi­
fied. This was based on identification of the LRU, parts count, items per 
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set, and failur e rate. Failure rate information was der i ved from various source as follows: 

• MIL-HDBK-217A 

• MIL-ST0-756A 

• RAOC TR's 

AA.OC-TR-67-108 

~OC-TR-67-307 

RAOC-TR-68-114 

RAOC-TR-68-280 
• FA.RADA 

• IDEP 

• Other Government source■ 
• Contractor data 

SN 2.2(4J smmarizes the result■ of the prediction effort for the multiplexer and the demultiplexer. The total failure rate has been identified in the funct i onal block diagrams (SN 2.2(1) and SN 2.2(3)). 
c . DPtenaine Failure Symptom Baled on Failed Item 
The system symptom indicator, symptom, and type of di8play matrix are shown 
in SN 2.2(5) and SN 2.2(6) for t'le multiplexer and demultiplexer, respectively. The next step in the prediction process is to construct a symptom-fault mat­
r i x. This step is to determine the effects of failed hardware items on aymp­
tom operation. Basically defined, it is the allocation of the failure rate 
o f each hardware item in relation to the percent contribution to each ayap-
tom identified in the aymptom matrix. The steps in the development of the symptom-fault matrix are as follow■: 
(1) Hardware Level, Failuro Rate, Symptom Matrix 

The colftbined inforaation from SN 2.2(4), SN 2.2(5), and SN 2 .2(6) i1 entered 
on the aywnptoa-fault Mtrix for the multiplexer and demultiplexer, reapectively. This is illuatrated in SN 2.2(7) and SN 2.2(8}. The first column delineates 
th hardware breakdown, the aecond column the total failure rate, and the th i rd COlUIM the lyaptoai number. 
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CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS DN 13B2 

SUB-NOTE 2. 2 (5) (Sheet l of 3 sheets ) Symptom Matrix (Multiplexer) 

5ym tom 
No. 

l 

2 

3 

4 

I 5 

6 

7 

-1 

-2 

8 

-1 

Symptom 

Multiplexer 

Port out of tolerance 
(Data timing rate 

exceeds limit (source)) 
Error channel card 

(Channel card mal­
function) 

Error channel module 
(Channel module mal­
function) 

Error combiner card 

Error driver module 
(Multiplexer output 
driver module mal­
function) 

Error timing module 
(Timing input module 

malfunction 

Error power s upply 

Power supply l mal­
function 

Power supply 2 mal-
functicn 

Thermal alarm 

CAUTION lit 
CRITICAL out 

T 
Indicator 

Light 

X 

X 

X 

X 
(37-41, 
4 -46, 
49-51) 

X 

X 

X 

X 

X 

'-------__.____ ____ I - -- -- --

632 

Readouts 

X 

X 

X 

X 

Malfunction 
Item 

Blower, vane 
switch, re­
lays, filter 
interlock 
switch 

-· - - - -- -- -- -



l 

I 

I 
' 

I 
I 
I 
' I 
I 

I 

CHA!' 13 - MAINTAINABILITY PREDICTIONS 
ON 1382 SE 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

I SUB-NOTE 2.2 (5) (Sheet 2 of 3 sheets) Symptom Matrix (Multiplexer) j 

9 

Symptom 
No. 

-2 

-3 

-1 

-2 

-3 

-4 

Symptom 

CAUTION and CRITICAL 
lit 

CRITICAL lit; CAUTION out 

Power Supply 

ACTIVE indicators l 
and 2 out 

Improper transfer; 
no error indi­
cators lit 

Error display for sup­
ply in use; equip­
ment operates 
normally 

Error display after 
supply replaced 

'type of Display 
Indicator 

Light 

X 

X 

X 

X 

X 

X 

Digital 
Readouts 

Malfunction 
Item 

Blower, vane 
SWi. tch, re­
lays, filter, 
interlock 
switch 

The.nnostat 

La!llp 

Power monitor 
card : trans­
fer s..ritch 

Power moni-
tor card 

Power moni-

~ 10 
Out of Tolerance 

tor card, 
power switch, 
input filter, 
circuit 
break~r -1 

-2 

One PORT OUT OF TOLER­
ANCE lit ; no error display 

All PORT OUT OF TOL­
ERANCE displayed; 
no error display 

63J 

X 

X 

Source strap­
ping switch 
card 

Strapping 
switch card, 
reference 
timer card 



CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS ON 13B2 

.SUB-NOTE 2.2 (5) (Sheet J of 3 sheets) Symptom Matrix (Mul tip-~~rcr) l I 

Type of Display 

I 
Symptom 

Indicator Digital Hal function 

No , 
~YfflPtom 

Light Readouts Item 
10 

Out of Tolerance (Cont) -3 
Two acti ve channe:J.s indi- X 

Strapping 
cate PORT OUT OF TOL-

I switch card 

ERANCE; no error di - I play 
I 

I 
I -4 

One PORT Olli' OF TOLER- I 
X I X Strapping 

I 
ANCE i ndicator lit . 

I 

switch card 

I 

I 
i 

'-ardor mcdule error 

I 
I 

remains after card 
and/or module is replaced. 

11 
ard/Module Errors -1 

Card error for 49 re-
X 

X Source 
mains after car d is 
replaced (operating exte r na l timing) 

-2 Car d error for 49 re-
X 

X Timing switch 
mains after card is replaced (operating from internal) 

-3 
Card error for card XX 

X 
X Source 

remains after card 
is replaced; multi-plexer operating 

I normally 
-4 

Any card or mod ule error X 
X Connector 

remains afte r indi-
cated item has been 

pin , card, 
or chassis 

replaced (except for 

wiring 
- 1 and -2 above) 
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OIAP 13 - MAINTAINABILITY PREDICTIONS ON 13B2 SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

! 

SUB-NOTE 2.2 (6) (Sheet l of 3 sheets) Symptom Matrix (Demult ip lexer) I 
Symptom 

No. 
-

l 

-1 

-2 

2 

3 

4 

5 

6 

7 

-1 

-2 

0 

-1 

Symptom 
1 
Demultiplexer 

Loss cf frame 

A - Loss of frame sync 

B - Loss of frame (source 
generated) 

Error rate 
(Selected link error rate 
threshold is exceeded 
(source)) 

Error channel card 
(Channel card malfunction) 

Error channel module (Cha nnel 
module malfunction) 

Error combiner card 

Receiver module: (Line 
receiver mal f unction) 

Power Supply 

Power supply l malfunction 
Power suµply 2 malfunction 
The:rm l Alarm 

Cl\UTION lit 
CRITIC.l'\L out 

Type of Display 

Indicator Digital jt1alfunction 
Light Readouts! Item 

X 

X 

X 

X 

X 

X 

X 
38-41, 
43-46, 
9, 51-

SJ, 55-
60) 

X 

X 

X 

X 

X 

X 

X 

X 

I 

X 

IBlower , vane 
switch, re­
lays filter, 

switch I 
--- ---L--- - · ··-- -·---- ·- - - ·-· ·--- ---------- - --- -l

inter lock 
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CHAP 13 - MAINTAINADILITY PN!mICTIONS ON 1382 
SECT 138 - EXAMPLES OF MUL'J'I l'LJ::XER SE'r ·lAINTAIN/\BILITY PREDICTIONS 

SUB-NCJrE 2.2 (6) (Shee t 2 of 3 sheets) Symptom Matrix (Demultiplexer)! 
__. ____ ___, 

Symptom 
No. 

8 

-2 

-J 

9 

-1 

-2 

-J 

-4 

10 

-1 

-2 

Symptom 

Thermal Alarm (Cont) 

CAUTION and CRITICAL lit 

CRITICAL lit; CAUTION out 

Power Supply 

ACTIVE Indicators land 2 out 

Improper trans fer; no error 
indi cators lit 

Error display for supply in 
use; equipment operates 
nomally 

Error display after supply 
replaced 

Loss of frame 

LOSS OF FRAME A indicator lit 
continuously; no error 
displayed 

Card error remains after in­
dicator card is replaced 

Type of Display 

µn dicator Digital 
Light Readouts 

X 

X 

! 
X 

X 

X 

I X 

X 

X X 

Malfunc tion 
Item 

Blower, vane 
switch, r a-

j lays, filter, 

I 
interlock 
switch 

Thermostat 

Lamp 

Power moni­
tor card, 
trasnfer 
switch 

Power moni­
tor card 

Power moni­
tor card, 
power 
switch, 
input 
filter, 
circuit 
breaker 

Source, strap­
ping switch 

Strapping 
switch 
card, 
multi­
plexer 

-------i------- - ---------------L---- ---'-----·--------........ 
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CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

ON 13B2 

·ua-NUTE 2.2 (6) (She •t 3 of 3 sheets) Symptom Matrix (Ucmultipl,!xcr) I 

I Symptom 
tlo. 

I 11 

-1 

-2 

-3 

-4 

Symptom 

Card/module errors 

Card error for 49 remains 
after card is replaced 
(operating external 
timing) 

Card error for 49 remains 
after card is replaced 
(operating from internal) 

Card error for card XX 
remains after card is 
replaced; multiplexer 
operating normally 

Any card or module error 
remains after indicator 
item has been replaced 
(except for -1 and -2 
above) 
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Type of Display 

Indicator Digital MalfWlction 
Light Readouts Item 

X X 

X X 

X X 

X X 

Source 

Timing 
switch 

Source 

Connector 
pin, carJ 
or chassis 
wiring 



CHAP 13 - MAINTAINADILITY PRl.DICTIONS SECT 138 •• EXAMPLES or MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

t 

. 

,.... 

t 
& 

~ l 
' 

i . . 
i 

.. , • ,, 1-41 .,,. , ., ~• , I -
; • • , ■ ., I 11 ,1 -.. , 1• .. 1 •I • I , 1• • • 

1 ! ' ; . 

:.. 
s. 
0 

5 
0 

....L .............. ...L. ........ .L..-'...L. .............. ...L. ........ .L..1...L. .............. 

. 
l ~ . I~ ; i I ; ~ ! l j ~ , I j • 1 z . 
~ 

~ 5 ~ : -1- i 
! I ~ i , 

:11· ~ i ! - i t 

i l ; 1 
i ! n i1i ' 1 . 
~ ~ 1 Ii , ; 

638 

DN 1382 



CIIAP 13 - MAINTAINABI LITY PREDICTIONS 
SECT 13B - EXAMPLES F MULTIPLEXER SET MA IN'l'AI ABI LITY PRED I CT IONS 
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CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

ON 1382 

(2) ompute ll(s,f) 

Th'--' inf rmation from SN 2.2(7) and SN 2. :l (A) i ~ us ed to d •vd p th • informa-

tion in s·.~ 2.2(9), whic h is the worksh et for computing ll(s,f). The results 

of th :10rksheet developed sifflilar to that of early design (see DN 1381, 

SN 2. 2 (7)) yields: 

H ( s , f ) • 5. 389 

. 3 D t crm1ne Maintenance Design Characteristics of the LRU's (Step 3 ) 

Th i s s te i s identical t o that perfor,ned in the early design prediction (see 

D 1381, Para 2.3). In thi s case, based on further design d finition, each 

1nd1v1dual LRU wa ~ scored instead of func t ional blocks. The individual check-

u scor r sult s are shown in SN 2.3(1). Th ch cklists for test compl xity 

(X
1

l , te~t instrume1 tation (X2), test evalua t i on (X 3), a~d test availability 

(X4) a r a dop cted in DN 1381, SN 2.3(1 ) . 

pon ompl tioP of ~N 2.3(1), Xt (the averag maintenance checklist score) is 

cal culated based on the 

where: 

following: 

X 
t -IAi XTi 

IAi 

nd 1s the summa t ion of column Din ~ 2.3(1) for eac h LRU. 

Th so lution o f Xt from the r sults in SN 2.3(1 ) yi e lds: 

xt -= 19 . 330 

~ -~ P• r fo rm Maint nance T s k Time Study (St p 4) 

Th~ m t hod for pr JJ.cting fault correction/ adjustment tim entails three steps 

a s f: ollow 
• Def inition of the range ot fau t co r ection/adjustment tasks that 

must be performed. 

• Analysis of a representative sample of faul t correction tasks to 

determine the subtasks involved and ~pplication of time standards. 

• s u11111arization of the results of the second step to establish the 

average fault correction time (T . ) for the system. 
1 
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~IIAP 13 - MAINTAINABILITY PRl::DTCTION. 
SECT l3li - EXAMPLES F MU. ,TTPLf:XF.R . 1-.1' MAINTAINABILITY I RJ:;D[CTION. ON I R:.! 

t il to d•termine the ubtasks uwolv d 111 th 1nt1•r 11,1114, t f ,wti o ns . 
R vi w of the multipl x r nd dem:.ilt1pl x r ompns1ng th 
r v als th foll wing r prescntativ su tasks for both th u 
demultiplexer units: 

Ta 

tn 

• Front anel 

Sw:.tche s 

• 

Air filt r 

~1rcu1t break r 

Lam s 

rinted ircui t a.rds 
• Blow r 

• Lin driver and receivers 
• Po,.,-er supply 

• Power li ne filt rs 

k nalys s for th se items ar li ted 
1m st ndar s res nt l fl ·r ... 4 ( l ) r I t , S ,S re rform und r id al 

t h r t n 1d ·.:i l ondit 1 n.· , I . r 10 0 h me n ti m" t o l' rfonn ubt m ~ar tim • und r l ' l 1:ondit1ons ) m...i ·t .. 

in . 4 ( l ) . 

II th 

ond1t1 ons. 
lffl t corr 
s 

pp l I 1, 

ultipl x r S 

nd 

. swn tion t hat 
f ta s k is p 

t 10 n fa t r 
d o ndi tions to 
h" as o f the :-1ul t i S t, no ess - t an-1d l" IT\d11 t "' nan _ cond1t1on s •x1 st which 

r-

uld imped th techn1c1an in performing th corr c tiv action . The impedi­m~nt correction factor is thus l f or th Multiplex r S t. 

~.4( 2) summarizes the fault corr ... tion time predictions. Each LRU id_nti­fi din sr 2.4(1) is listed for the multiplexer and demultiplexer , together wi th th total T value computed and the total failure rat for that LRU C 
grouping. 
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CHAP 13 - MAINTAINABILITY PREDICTIONS DN 13B2 SECT 13B - EXAMPLES OF MULTIPLEXER SET M I TAINABILI' PREDICTIONS 

UB-NUTt:; . 2 ( 9) (Sheet l of 3 sheets) Wo,·ksheet fur Cua ut111y ll(s,{) I A .. I P a .\ .. / AT L (ij) 

I P .. L (ij) I ij l) 
• -log P . . l) (X 103) 

lJ 
(X 103) 

I 2 l) 

I .93 2.50 8.6448 ' 21.6120 0 .93 6 2.50 .6448 21.6120 l. 8792 5.01 7.6418 38. 2854 . 39 2.50 8.6448 21. 6120 3.49 8 1634 28. 4902 . J2 l 24. 0 5 .3760 129 . 5078 0 . 313 0.83 10 .2352 8.4952 51.168 136 .64 2.0n 392.4300 9.584 25.5 5.289 135. 3455 .534 25.46 5.289 134.6579 2. 7729 7.40 7.079 52. 3846 o . 3081 0 .82 6.9308 5. 6832 3.953 l .55 .5672 69.2839 2.&13 7 . 51 7.0578 53.0040 3.163 8.44 .88 3 58.1456 1.693 4.52 7.7903 35.2121 o . 713 l.9C 9.0255 17.1484 2.121 5.66 7.4657 42.2558 2.121 5.66 7.4657 42.2558 2.121 5.66 7.4657 42.2558 0 . 0515 0 .13 12.9106 l. 6783 . 0515 0.13 12.9106 l. 6783 0 . 0515 0.13 12.9106 1.6783 0.0515 0.1) 12.9106 1.6783 3.827 10. 22 6.6131 67.5858 3.653 9.75 6.6810 65. 1°397 3.827 10.22 6.6131 67.5858 2.2 5 6.04 7.3720 44 . 5268 2.686 7.17 7.1245 51.0826 1.166 3.11 8.3295 25.9047 1.166 3.11 8.3295 25.9047 1. 166 3.11 9.3295 25.9047 0.4006 1.06 9.8827 10.4756 0.4006 1.06 9.8827 10.4756 0 .4006 l.06 9.8 27 ' 0.4756 9 .045 24.15 5. 3724 129.7434 9. 045 24.15 5. 3724 129.7434 - ·- - · - · - ·- . 
.. - --

642 



CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

0.4949 
0.4949 
0.4949 
o. 9898 
J .4949 

40.052 
11.004 
0.663 
9.561 

59.388 
10.164 

3.129 
2.121 
3.953 
5.206 
2.813 
8.014 
3.163 
1.693 
o. 713 
2.1626 
2.1626 
2.1626 
0.1005 
0.1005 
3.827 
3.653 
0.254 
3.893 
1.897 
1.668 
7.260 
0.745 
1.387 
1.166 
1.166 
1.166 

1.32 
1.32 
1. 32 
2.64 
1.32 

106. 95 
29.38 
1. 77 

25 .53 
158.59 
27.14 
8. 35 
5.66 

10.55 
13.90 

7.51 
21 . 40 
8.44 
4.52 
l.90 
5.66 
5.66 
5.66 
0.26 
0.26 

10.22 
9.75 
0.67 

l . 39 
5.06 
4.45 

19.38 
1. 98 
3.67 
3.11 
3.11 
3.11 

L (ij) 
"' -log

2 
P . . 

l.) 

9.5661 
9.5661 
9.5661 
8.5661 
9.5661 
3.2252 
5.0897 
9.1428 
.5.2923 
2 .6571 
5.2039 
6.9046 
7.4657 
6.5672 
6.1694 
7. 0!:> /8 
.5468 

6.8893 
7.7903 
9.0405 
7.4657 
7.4657 
7.4657 
8.5880 
8.5880 
6.6132 
6.6810 
7.2222 
6. 5894 
7.6272 
7.8245 
5.6900 
8.9810 
8.0906 
8.3295 
8.3295 
8.3295 

12.6272 
12.6272 
12.6272 
22.6145 
12. 6272 

344.935 
149.5353 
16.1827 

135 .1124 
421. 3894 
141.2338 
57.6534 
42.2558 
69.2839 
85.7546 
53.0040 

118. 7015 
58.1456 
35.2121 
17.1769 
42.2558 
42.:!558 
42.2558 
2.2328 
2.2328 

67.5869 
65.1397 
4.8388 

68.4638 
38.5936 
34.8190 

110.272 
17.782 
29.6925 
25. 9047 
25.9047 
25.9047 

ON 13B2 

~---- ------1,.-------- ~ - --- ---·--·- - ----- - ---
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CHA!' 13 - MAINTAINABILITY PREDICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAIN'l'AINABILITY PREIJICTIONS ON 1382 

SUB-NOTE 2.2 (9) (Sheet 3 of 3 sheets) Worksheet for Computing H(s,f) I A . . 
P .. - A .. / AT L (ij) 

pij L (i J 

l.J 
l.J l.J 

-log2 Pij (X 103) :: 

(X 103) 

I 

0.4006 

I 1.06 9.8827 I 10.4756 
0.4006 

1.06 9.8827 I 
10.4756 I 

0.4006 
1.06 9.8827 I 10.4756 

13.356 
35.66 4.8100 171. 5246 

13.35(, 
35.66 .•. 8100 171. 5246 I 314.450 

I P ,. L (ij) Xl0- 3 
l.J 

= 4.8602409•H(s,f) 
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CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 13B - EXAMPLES OF MULTIPLRXER SET MJ\lN'l'ACNABILI'rY 1'1{1-:IHC'l'lONS 

'I'hc fault corn.•ction/ildju!;I ml'l\.t limp for the syst1!1n is t:d ll'u] ated by 

T = 
C 

where 

A, . • fa i lure rate of the ith LRU l. 

T • = estimated task time for ith LRU Cl. 

AT= Total system failure rate 
from SN 2.4 (2) 

T = 
C 

716.16 5 
374.458 

2. 5 Com ute Expected Total Active Do1.1n t ime (Step 5) 
a. Calculation of Td 

ON 1302 

The estimate fc,r the fault location r-heckout time (Td) is calculated, using the following equation: 

ln ld w 0.420 ln xt + 0.802 ln H(s,f) +0.625 
The values for H(s,f) and Xt h~ve been calculated in steps 2 and 3, respec­tively. Using these results and substituting in the equatio11 above yields ln Td = 0.4 ~0 ln (19.338) + 0.802 ln f~.868) +0.625 

= 0.420 (2.96207) + 0.802 (l.58104) +0.625 
= 1.244 + 1.2679 + 0.625 = 3.1369 

Td = 23.03 minutes 
b. Calculation of TP 

The Multiplexer Set is a ground system, and thus preparation time is given by the following equation: 

Tp • 0,048 Tp 

• 0.048 (23.03) 

• 1.1 minutes 
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CHAP 13 - MAINTAINABI:.ITY PREDICTIONS 
SECT 13B - EXAMPLES OF t«JLTIPLEXER SET MAINTAINABILITY PREDICTIONS 
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CHAP 13 - MAI~'TAir BILITY PREDICTIONS 
SECT 138 - EXAMPLES OF ~ULTIPU:XER St..:T MAINTAINABILITY PREDICTIONS 

c. Calculation of T. 
1 

The averag item obtainment ti 

T. • 2.1S inutes 1 

d. Calculation of T and T'. 

(T . ) for ground equipaaent is 1 

The average total active downtime is given by: 
T •Tc+ Td + Tp + Ti 

Substituting the values obtained in steps 4 and S yields: 
T ·• 1.91 + 3.03 + 1.1 + 2.15 
T • 2d.19 min~tes 

llN 1382 

h!~ustment to estimate the aver ge (T') when the effect of •no trouble found• tasks are included yield: 

T' • 0.718T • 8.963 

• 0.718 (28.19) + 8.963 • 20.240 + 8.963 
• 29.203 

Although man-hours were not a stipulated requirement for the Multiplexer Set, 
man-hours are predicted below .based on the relationship between dovntilre and 
Mn-hours. The equation relating these factors is: 

Maintenance man-minutes (MM) per task• 2.104 T -14.200 
Substituting the predicted - c.l ~te of T for the Multiplexer Set yields: 

MM per task• 2.104 (29.203) - 14.200 • 61.443 - 14.200 
• 47.243 

The conversion factor for M."'t to man-hours (M0H) is: 

MH ta.k • MM per task per 60 

For the Multiplexer Set, the maintenance man-hour per tas~ is 0.787. The 
Maintainability demonst~ation, based on conduct cf 54 samples selectet! in 
accordance with MIL-STD-471, yielded dat• which demonstrated an M cf 7.62 

_ ct minutes. The demonstration did not consider item obtair.ment (T.) time for ground support equipment. .1 
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C.-,tAP 13 - MAINT,\lNABlLITY PRll>ICTIONS 
SECT 138 - EXAMPLES OF MULTIPLEXER SE"i' MAINTAINABILITY PREDICT! DN 1382 

omparison of the demonstrated data of 7.62 minutes vith the predicted cLat& 
minus it m obtainment tiae (T - T . ) d~lOnstrate that the prediction technique 1 
}·iclds 27. 053 ■inutes eo11parod to the deaonstrated 7 .62 ainute■. 
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~, J.J - MAINTA I ABI LITY RED I CT 1 
ECT 13 - EXAMPLE F MULTI PLEXER . T ~ INTI.I NABILITY PREOl\.."T I S 

0 l B 

:iUB- TE 2 .4 (1) (Sh t 1 of 5 sheets) ~lt1plex r T sk AMly •• ' 

Tl nt N r Tt• • Task t net.rd o f R u1red (a1nut s) 
VlC S (ainut s) !"rent 

front panel 0 .55 l 11 o. 05 
1 0 . 018 nu fr 0 . 1 l 1 0 .1 

ld r conn ct1ons 5 l 4 0.0:l :, 1tion switch and tt ch .4 1 l l 0 .4 1 
cur ing nut t o switch 

pos t1on w: r sand 0 .4 
4 l. 32 r wires t o sw1 tch 

0 panel 
I . 021 l 0 . 021 cur hardwar 

l 11 0 .75 Total 
4.552 Fron nel Air Filter 

mov front anel fllt r 0 .132 1 8 1. 05 unt1ng hardwar 

fll. r o. C 5 l 0 . 1)5 fll t r o. 5 l 0 . 05 r fror.t pan l f1lt r .13 2 l 1.056 
mounting hardwar 

T0tal 
2. 212 
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l J - MAINTAINABILITY ?REDICTIONS 
' I 

SE 13 - EXAMPLE F MULTIPLEXER I:: MAINTAINABILITY PREDICTIONS 
OM 1382 

!llh,• .. -- t-.) Multipl xcr St Task /\n.ilys is 

t-'r ,nt I ' n , 1 Circuit Br akers 

pan l 
n an l 

c ur1n nut fr m 
~1r cu1t br .aker 

old r onn c tion 

1t1on c ircuit br ak rand 
t~ ch curing hardware 

n wires cUld 
s to circuit 

1 

ur hardwar 

Total 

nel Lamp 

11 ut last1c lamp cover 
bul 

· os1t1on ulb 

cplace plastic cover 

Front anel LED Digital 

R move display bezel 
R mov lug from LEO 

LEO 

Total I 

N splay I 

Replac bt:~l!l and tighten 
screws 

Total - --- --- - ----~ Panel LMJ> 
and t£D (AWrACJe) 

TUrt• 
Standard 
(■1nute) 

.055 

0.018 

0.7 

. 005 

.4 7 

0 .4 J 

0.021 

0 .01; 

0.028 

0 . ;l 

0 . 0 

o. 81 

0.132 

0.028 

0.081 

0.132 

654 

lmJ<:'dimcnt 
Corr ction 

f'ac tor 

1 

1 

l 

l 

l 

l 

1 

l 

l 

l 

l 

l 

l 

l 

l 

l 

Number 
of 

Devices 

11 

l 

l 

4 

l 

l 

l 

11 

1 

1 

l 

1 

2 

l 

Time 
Required 
(minutes) 

I 

0.605 

0.018 

0.7 

0.020 

0.497 

1. 932 

0.021 

0.759 

5.242 

0.028 

0. 0 2 

0.08 

0.081 
0.209 

0.264 

0.028 

0.081 

0. 2fi'I 

''•'d7 
209+U.b37 = 

2 
fJ.846 "" U.4 ~ "J 

2 
I 



CHAP 13 - MAINTAINABILITY PREDICTIONS ON 13B2 
SECT 13B - EXAMPLI:S OF MULTIPLEXE~ SET MAINTAINABILITY l:'REDICTIONS 

SUB-NOTE 2. 4 (1) (Sheet 3 of 5 sheets) Multiplexer Set Task Analysis I 
Task 

Description 

Printed Circuit Cards 

Release front panel 

Open panel 

Locate printed circuit card 

Remove printed cir=uit card 

Replace printed circuit card 

Close panel 

Secure hardware 

Blowers 

Release back panel 

Disconnect connector Pl 

Remove mounting hardware 
from blower 

Remove blower 

Position blower 

Attach securing hardware 

Connect connector Pl 

Close back panel 

Secure hardware 

Total 

Total 

Time 
Standard 
(minutes) 

0.055 

0.018 

0.004 

0.028 

0.031 

0.021 

0,069 

0.055 

0.334 

0.132 

0.05 

0.05 

0.132 

0.238 

0.021 

0.069 

655 

Impediment 
Correction 

Factor 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

l 

Number 
of 

Devices 

11 

1 

1 

1 

1 

1 

1 

8 

1 

4 

1 

1 

4 

1 

1 

8 

Time 
Required 
(minutes ) 

0 , 605 

0.018 

0.004 

0.028 

0.081 

0.021 

0.759 
1.516 

0.440 

0.334 

0.528 

0.05 

0.05 

0.5?.0 

0.238 

0.021 

0.562 
2.751 



CHAP 13 - MAINTAINABILITY PREDICTIONS 
DN 13B2 SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS 

SUB-NOTE 2.4(1) (Sheec 4 of 5 sheets) Multiplexer Set ·rask Analysis l 
Task 

'1escription 
I 

Line Driver/Receiver 
Reioove mounting screw 
Remove line connectors 
Remove line driver/r ceiver 
Position line driver/receiver 
Secure mounting screw 
Connect line cables 

Total 
_Power Supplies 

Set power control PWR ON-OFF 
switch to OFF 

Set circuit breakers to OFF 
Remove power ~upp ly front 

cover, inclu~iny air filter 
Reioove retaining scz ~ws 
Disconnect multip i n plug 
Disconnect conn,!ctor 1 ugs 
Remove power supply retaining 

screws fitted to heat sink 
Remove power supply 
Insert power supply 
Secure with retaining screws 
Conn~c nnector lugs 
Con1ect multipin plug and 

secure retaining screws 

Install front cover, includ­
ing air filter 

Total 

Time 
Standard 
(minutes) 

0.132 

0.334 
0.028 

0.081 

0.132 

0.238 

0.007 

0.007 

0.132 

0.132 

0.334 

0.081 

0.132 

0 . 05 

0.05 

0.132 

o.oa1 
0.238 
0.132 

0.132 

656 

Impediment 
Correction 

1''actor 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

Number 
of 

Devices 

1 

2 

1 

1 

1 

2 

1 

1 

8 

2 

1 

2 

2 

1 

1 

2 

2 

1 
2 

8 

Time 
Required 
(minutes) 

' 0.132 

0.668 
0.028 

0.081 

0.132 

0.476 
1.517 

0.007 

0.007 

1.056 

0.264 

0.334 

0.162 

0.264 

0.05 

0.05 

.264 

0.162 

0.238 
0.264 

1.056 

4.178 



CHAP 13 - MAINTAINABILITY PREDIC'i o~s 
SECT 138 - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS DN 1382 

SUB-NOTE 2.4(1) (Sheet 5 of 5 sheets) Multiplexer Set Task /\11alysi~ 
- - - - ---Tim,! J mp, dim, ~11 t NumlH•r 'I' i lnl' Task Standard Correction of tcquin•d D~scription (minutes) Factor Devices (minutes) Power Line Filters 

Disconnec~ power cable 0.195 1 1 0.195 Release securing hardware 0.132 1 6 0.792 Remove power line filter 0.028 1 1 0.028 Unsolder power connectors 0.005 1 3 0 . ()15 Position power line filter 0.081 ] 1 0.081 Solder power connectors 0.483 1 3 1.449 Position power line filter 0.081 l 1 0.081 Secure mounting hardware 0.132 1 6 0.792 Connect power cable 0.238 1 1 0.238 Total 
3.671 
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CHAP 13 - MAINTAINABILITY PREDICTIONS 
SECT 13B - EXAMPLES OF MULTIPLEXER SET MAINTAINABILITY PREDICTIONS DN 13B2 

SUB-NOTE 2.4(2) Fault Correction Time Summary / 
LRU 

A 
Tc AT 

C 

Front panel switches 
1. 76175 I 

1

4. 552 8.0194 

Front panel air filter 
o. 58725 , 4. 698 2.212 1.2989 

Front panel circuit breaker 
1.1745 

5.242 6.1567 

Front panel lamps and LED 
l.1745 

0.423 0.4968 

Printed circuit cards 
108.578 1. 516 1F4.604 

Blower 

3.5 2.751 
9. 6285 

Line driver/receivers 
I 

10.642 1.517 16.1439 

Power s1.:pplies I 
18.090 4,178 75.5800 

Power line f • 1 ters 
1.202 3. 671 4.4125 

Front panel switches 
1. 2991 

l 
4. 552 5.9130 

Front panel air filter 
0.433 3.464 2.212 0.9577 

Front par.el circuit breaker 
0.866 

5,242 4.r-395 

Front panel lamps and LED 
0.866 

0.423 0 .3663 

Printed circuit cards 
152.165 1.516 230.6821 

Blower 

3.50 2.751 9.6285 

Line driver/receiver 
40. 715 1.517 61.7646 

Power supplies 

26.702 4.178 111. 5609 

Power line filters 

1.202 3,671 4.4125 I 
374.JS8 

716.165 I A· T . T .,. l Cl a 1. 91 C A . 
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Cll/\1''1'1::H 14 

MAINTAINABILITY DES I GN AUDIT 

This chapter contains a description of the maintainability design audit 
ac- ·.i vi ty. 
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MAINTAINABILITY 

CHAP 14 

CHAPTER 14 

MAIN':'AINABILITY DESIGN AUDIT SECTION 14A - DESCRIPTION 

Design Note 14Al - Design Audit 
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CHAI' 14 - MAINTENANCE DESIGN AUDIT 
SEC'r 14A 

SECTION 14A 

Dl::S<.:HIP'l'ION 

This section contains a desr::ription of the maintainability design audit activity. 
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CHAP 14 - MAINTAINABILITY DESIGN AUDIT 
SEC' 14A 

Sl::L""TIO', 14A 

DESCRIPTION ---------------------------------DI::~ l GN NO'L'E 14Al - DESIGN AUDIT 

1. GENERAL 
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CHAP 14 - MAINTAINABILITY DESIGN AUDIT 
SECT 14A - DESCRIPTION 

DJ:;SIGN NuTk: l4Al 

1. GENERAL 

ON 14Al 

This effort en.c:ot'li)asses the day-to-day activity of the maintainability engi­
neer to enable him to tie all his other tasks together and t o de termine the 
status of and influence on the maintainability program. In determining the 
status, there ar e two primar~• areas of interest: the des i gn concept and the 
maintenanct concel)t. 

The best way to describe the day-to-day roonitoring activity is to sh?w the 
types of d~ t a that are considered t o determine status. 

a. Design Concept 

• Engineering drawings 

• Reliability allocations/predictions 
• Mock-ups 

• Test programs 

• Hardware 

b. Maintenance Concept 

• Spares plans and lists 

• Technical orders plans 

• Technical orders 

• Training plans 

• AGERD's 

• ,..RS's 
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CHAP 14 - MAINTAIN ~ILITY DESIGN AUDIT 
SECT 14A - DESCRIPTIOH 

ON 14Al 

Following the initial allocation and specification effort, maintainability 
design audit should continue throughout the development and testing interval. 
Such effort provides a basis for assessment of the evolving design in terms 
of specified maintainability constraints and recognized maintainability de­
sign principles. When analysis findings indicate the deviation or potential 
deviation of ultimate design performance from such acceptable limitations, 
supplemental design guidance should be initia ted by the maintainability 
engineer. This guidance will take two basic forms: personal liaison and 
coordination between design and maintainability personnel, and guidance 
documentation to responsible program management. The latter form should be 
used where the former does not yield acceptable des gn alteration. The 
contractor's data collection system should include a separate file of such 
documented guidance. This coordination and documentation effort, based upon 
results of the repetitive aaintainability design audit represents the gen­
eration of design criteria and guidance supplemental to that contained in 
the end item specifications. 
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MISSION
of

Rome Air Development Center
RAOC im thB principml ATSC oz^mni^cioa ch»rfmd with 
plmnning and mxmcutiag tha OSAT amploratory and advanemd 
defvalopmmt programs for mlmctresmgnatic intmlligaocm 
tmchniqusa, raliabilitg and oempmtibility tmctniqumm for 
mlactronic mgstsma, almctrommgnsitic transmission and 
recaption, ground baaad surveillance, ground 
communications, inforamtion displays and information 
processing. This Canter provides technical or 
amnagement aa:.istanee in support of studies, analyaea, 
development planning activities, seguisition, teat, 
evaluation, modification, and operation of aerospace
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