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1. SCOPE

This document provides information to help the reader view maintainability in the context of an overall systems
engineering effort. The guide defines maintainability, describes its relationship to other disciplines, addresses the basic
elements common to sound maintainability programs, and describes the tasks and activities associated with those

elements.

1.1 Purpose

SAE JA1010-1 Malntamablllty Program Standard Implementatlon Gwde (the Gwde) is deS|gned to assist suppliers in

determlnmg how

a. To provide in
and to descril
b. To describe t
objectives, thg
c. To provide d
addressed.
d.
solicitation.
e.

(see Section §
1.2 Application

This Guide prima

Standard JA1010.

customers such a

a. Who is respor
b. What maintair
c. When are ma
d. Where can wg

sight into the need for specifying maintainability in an item/system or production deve

e the structural elements of a sound maintainability program.

required levels of maintainability and incorporation of these tasks'in a tailored progra

uidance for structuring solicitations and proposals te, ensure that these tasks

To provide gdidance for evaluating how well maintainability is~addressed in proposals submitted

Provide guidgnce to contractors and subcontractors on the application of the Maintainability Casg

of this guide).

ily provides assistance for developing maintainability programs according to the req
Implementation of the._guide will help to answer questions frequently asked

-

D.
sible for maintaigability goals, planning, etc.?
ability methods are most effective, and how are they applied?

ntainability methods used most effectively in the product development cycle?

am Standard (the
e Standard. The
iities for achieving
hre:

elopment program

e design, analysis, test, and management tasks and activities\that may be condlicted to meet the

m.

hnd activities are

in response to a

(MC) procedure

uirements of SAE
by suppliers and

ods?

get'more detailed information and instructions on how to use the maintainability meth

This Guide may also be used as a general reference for maintainability methods and maintainability program
management. Suppliers and customers may also find the Guide useful for other purposes such as those listed below:

Resource for design and manufacturing engineers to select available maintainability methods.

derstanding of various maintainability program activities.

assistance establishing a formal maintainability program.

a.
b. Provide an un
c.

d. Assistance in

planning, scheduling and structuring their maintainability programs.

Provide assistance to suppliers who need knowledge of various maintainability methods and techniques, or
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Evaluating potential benefits and limitations of maintainability methods.

Practical method selection criteria.

e.
applied.

f.

g.

1.2.1  Background

Knowledge of available maintainability methods, a description of what they accomplish, and when they are best

Maintainability is a discipline that has increased in importance as systems have become more complex, support costs

have increased, 3

nd resources have decreased

l\/lninfninnhilih/ is imlr_\nrfnnf inall prnr'lnr‘f sectors where h|gh levels of

maintainability are

Maintainability ha
military and comp
performance requ
and schedule com

The information in

increasingly becoming an important factor in production and customer cost of ownérs|

5 been a recognized discipline for many years. Achieving the high levels of maintai
lex industrial and commercial systems is often difficult to accomplish. System com
rements, the rush to incorporate promising/immature technologies, the pressures on &
pression contribute to the degree of difficulty.

this guide reflects both the move to incorporate commercial "best practices" and th

over many years
reference. Wher:

f former acquisition practices. When appropriate, commercial and military standards 4
s many of these documents emphasize what to do and. how to do it, this guid

objectives of a gound maintainability program and the engineering tools“and techniques availab

objectives.

SAE JA1010 usep only the terms “customer” and “supplier”. It isiimportant to understand that this
relationship between the “end consumer” (customer) and “the cempany that produces the end prodd

equally that betw
system” (supplier

en “the company that produces the end preduct” (customer) and “the company tha
. For continuity therefore only “customer”and “supplier” are used throughout. Whe

Program Requirements and the activities therein, it is ngcessary to keep in mind the applicable conte

being discussed.
1.2.2 Whatls M

The definition of
used in this docu
This definition car

Definition of Main
or restored to, a
prescribed proced
of design.

Maintainability, in

aintainability

Maintainability is defined slightly different in various standards, guides and text boo
ment is taken from MIL-HDBK-470A, Designing and Developing Maintainable Prody
be modified by a customer or supplier and agreed to by them to reflect the specific pr|

ainability - Thetrelative ease and economy of time and resources with which an item ¢

specified condition when maintenance is performed by personnel having specified
ures and(résources, at each prescribed level of maintenance and repair. In this cont

some industries referred to as serviceability, is a design parameter. Although othe

hip.

hability needed in
blexity, competing
cquisition budget,

e lessons learned
re cited herein for
e focuses on the
e to meet these

can represent the
ct” (supplier) and
[ produces a sub-
n interpreting the
xt and the parties

s. The definition
cts and Systems.
bduct or system.

an be retained in,
skill levels, using
pxt, it is a function

r factors, such as

properly trained pmbunllci and—= TesSpot ISive auppiy syster,—can ilcip 'r\ccp downtime—to—=aminimunm, it is the inherent
maintainability that determines this minimum. Improving training or support cannot effectively compensate for the effect
on availability of a poorly designed (in terms of maintainability) product. Minimizing the cost to support a product, and
maximizing the availability of that product are more efficiently done by designing the product to be reliable and
maintainable.

Testability, an important subset of maintainability, is a design characteristic that allows the status (operable, inoperable or
degraded) of an item to be determined, and faults within the item to be isolated, in a timely and efficient manner. The
ability to detect and isolate faults within a system, and to do so efficiently and cost effectively, is important not only in the
field, but also during the testing phases of manufacturing. The expected percentage of faults that can be detected and
isolated to a specified or desired level of ambiguity must be determined. The consequences of poor testability include
higher manufacturing product test costs, higher support costs, and lower customer confidence and satisfaction.
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1.2.3 Framework For a Maintainable Product Development

Suppliers should construct maintainability development programs that fit the customer needs. It is clear that, prior to
building a product, customer needs must be understood. Without proper information about customer needs, development
activities tend to lack focus and are likely to generate a poor design solution. Therefore, to ascertain the needs of the
customer becomes an important objective towards the goal of customer satisfaction. Once the needs have been
ascertained, a product that satisfies those needs can be produced. Therefore, the second objective of maintainable
product development is to meet the customer needs. Integral with the maintainability development program is the need to
verify and validate the requirements throughout the design process. Therefore, the third objective is to assure the

customer that the
Maintainability Pr
products and em
end-consumers a
three objectives li

% The supplier sk
% The supplier sk
% The supplier sk

Each program req
possible maintain
many industries. 1
development. Corn
and supplier(s) m
mutually acceptab

It should be recog
the user of a law
example, an autd
intermediate cust
one needs to kee

needs are met. These three objectives form the basis for a framework that underlies
bhasizes the supplier-customer relationship among companies and their suppliers

hd companies. Table 1 provides the framework for the development of a maintain
bted above are set in SAE JA1010 as Program Requirements and are worded_ as _folloV

all ascertain customer requirements
all meet customer requirements
all assure that customer requirements have been met

uirement further consists of a number of activities. These activities are accomplishe
bbility methods. It is essential to understand that maintainability transcends several
'herefore, it is important not to be prescriptive about the spécific maintainability metho
sequently, SAE JA1010 does not specify the maintainability methods to be used. Ra

le maintainability methods.

nized that SAE JA1010 uses the term "customer" to mean the end-user or a comp4d
n tractor is a customer of the dealer and“manufacturer. A company may also be
manufacturer is the “customer” of its-instrument panel supplier.
mers to a supplier. Therefore, whentinterpreting the program requirements and thg
in mind the applicable context and\the parties being discussed.

TABLE 1 - A FRAMEWORK/FOR MAINTAINABLE PRODUCT DEVELOPMENT

the SAE JA1010,
elop maintainable
s well as among
Able product. The
VS:

d by a number of
disciplines across
s used in product
her, the customer

st work together to develop a maintainability program‘that completes each activity through the use of

ny. For example,
a customer. For

Also, there could be multiple or

activities therein,

The

E
I
I
E
I

Supplier Shall Ascertain Customer Requirements
Fstablish Supplier-Customer Dialogue

dentify Conditions of Use

Define Maintenance and Service

Fstablish Metrics

Develop Product Specification
Dperating\Environment

he
(
A

SupplierShall Meet Customer Requirements
Charaeterise Resources

\ssess and Manage Risk

a
b
c
d
e.
f.
T
a
b
b

Design to Achieve Maintainability

a.

C.

The Supplier Shall Assure Customer Requirements Have Been Met
Qualify the Product and Process

b. Establish Process Control

Pursue Continuous Process Improvement

d. Establish Data Collection and Reporting
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1.2.3.1  The Supplier Shall Ascertain Customer Requirements

Understanding the customer’s maintainability needs is the first and most obvious step in meeting the objective of a
maintainable product. It is important that the level of maintainability addressed here is that which is measured by the
customer, not necessarily that measured during design and development. An important part of understanding customer
needs is to collect and study lessons learned on prior products, preferably products similar to the one being acquired or
manufactured. By learning which problems have plagued products or processes in the past, the maintainability engineer
can adopt design approaches that reduce, if not eliminate, those problems in the new product or processes.

Dialogue between customer and suppller should take place to gain a clear understandlng of the product life cycle,

operating proflle

the aim at this sta
needed for incly
maintainability prg

Suppliers must u
expected perform
that allows direct
Therefore, supplig
required product f]

a. Establish Sup
b. Identify Condi
c. Define Mainte
d. Establish Met
e. Develop Prod
f. Operating En
1.2.3.2 The Su

Once customer 1
resources availab
assembly procesy
and time. These
requirements, con

ge in the project. Supplier/customer information interchange should identify all'the ap

ion into a maintainability program that ensure the customers’
gram is discussed in detail in Section 4.

requirements

derstand customer needs to determine product functions, the conditions it has to
Ance duration and the in-service support policy. The input from customers may not al
interpretation in terms of technical design. Furthermore, inputs may come from m
r engineers need to translate the input into the desired technical parameters to be a
inctionality. Thus, the activities defining this JA1010 Program Requirement include:
plier-Customer Dialogue

fions of Use

nance and Service

ics

Lict Specification

ironment

pplier Shall Meet Custémer Requirements

equirements are .known, the supplier must determine how to produce a satisfac
le to build the-product must be considered, including personnel, materials, tools, n
es, equipment, facilities, software, organizational processes, technology, in-servicsg

psources must be characterized for their capabilities and limitations. With the knowle
ditiens.of use, and resource capabilities and limitations, it must be determined wheth

fulfill its require
for managing it

mInts Th|s actlwty is an essentlal step that prowdes a risk assessment and determing

aintenance policy,
toffs and risks. A
broduct should be
bropriate activities
vill be met. The

perform within the
ways be in a form
ultiple customers.
ble to achieve the

ory product. The
nanufacturing and
support, money,
ige of the product
er the product will
s the focus areas

gating these risks

through design and process mnovatlon exploratory development, decision making on serviceability and support issues,
as well as determination of manufacturing and assembly process control issues. Thus, the activities defining this JA1010

program requirem

a.

ent include:

Characterize Resources

b. Assess and Manage Risk

C.

Design to Achieve Maintainability
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1.2.3.3 The Supplier Shall Assure That Customer Requirements Have Been Met

The supplier needs to demonstrate to the customer’s satisfaction that the product meets requirements, thus qualifying the
product design. Effort should be expended from the system concept through the hardware development phase to:
(1) determine the accuracy of and update the analytical (predicted) data obtained from maintainability engineering
analysis; (2) identify maintainability design deficiencies for resolution; and (3) gain progressive assurance that the
maintainability of the product can be achieved and demonstrated. Complete documentation must be maintained to show
customers that the product can indeed satisfy their needs. The generation of information from the Maintainability Program
can be accumulated in the Maintainability Case (MC) described in Section 5, which will provide the customer with

progressive assurance that the product will meet the customer requirements.

The supplier shoy
development prod
activities defining

a. Qualify the Pr
b. Establish Pro

c. Pursue Contin

d. Establish Data Collection and Reporting

1.2.4 Manageri

Table 1 depicts t
applying the fram

these are, the nature of the supplier-customer dialogue, which is essential for a successful program. T

managed, cross-
considered.

1.2.41  Supplie
The key to succe
dialogue. To be s
the product devel
vary in complexity
following:

Id also develop a closed-loop feedback system that channels information about the
ess, as well as after it has been sold to various groups within the supplier’s orgar
this JA1010 Program Requirement include:

bduct and Process

ess Control

uous Process Improvement

bl Issues in Maintainable Product Development

he framework for the development of a maintainable product. In order for compan
bwork, certain managerial and organizationakissues should be addressed. The most

functional product development teams; and the management of supply chaing

-Customer Dialogue

5sful maintainability progranis (product development in general) is the quality of the
iccessful, an ideal supplier-customer dialogue should be initiated by the supplier as ¢

based on produtct-and organizational requirements. As applicable, typical outputs

broduct during the
ization. Thus, the

ies to succeed in
significant among
he creation of self
should also be

supplier-customer
arly as possible in

ppment cycle and eentinue throughout the entire product life cycle. The output from the dialogue will

would include the

a. Details of the|supplier-customer dialogue itself (roles, responsibilities, participants, authorization, frequency, duration
and modes ofcommunication).

b. Documentationf,requirements.

c. Contractual issues (program costs, repair costs, support costs, metrics, liability, warranty, delivery, approved sources,
applicable standards).

d. Full and adequate definition of all product requirements (conditions of use, operating environment, maintenance and
service, in-service support, product specification, and the customer/supplier definition of product failure).

e. Conflict Resolution

f. Trade-off Procedure

The details and complexity of the dialogue and requirements will of course vary. The supplier-customer dialogue is the
first step in developing the maintainability program. However, it continues throughout the length of the product
development and life cycle.
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1.2.4.2 Product Development Teams

Up until the mid-1980s, a sequential product development model was standard practice throughout industry. Each step in
the new product development process was handled by a single functional specialty. Such an approach became less and
less viable in the emerging faster-paced high-tech arena. The new approach is to establish a product development team
with representatives from all the relevant functions working together from the start. Some industries carry this concept
even further by giving these cross-functional teams much higher responsibility and authority in making decisions. Such
“highly trained group of employees, fully responsible for turning out a well defined segment of finished work” is called self-

managed teams.

The product development team is en ide new prod placing

the hands of the feam, companies better coordinate product developments, improve product qualityja
The combination pf several disciplines into one group expands the overall skill set of the team  Not
members actively|take advantage of group dynamics and collective thinking, but the diversity_of skills
possible to view igsues from different perspectives, evaluate them, and assign and follow up-en task
The long associafjon builds camaraderie between team members, gives each person a better’apprecia

jobs, and helps mgmbers clearly see the value of their work to the project.

1.2.4.3  Supply Chain Partnering
Over the last dedade, manufacturers have cut their production and comporient; costs dramatically by
supplier bases. |[Suppliers now take responsibility for just-in-time (JIT) delivery of parts, part qua
maintainability, refluction of inventory costs, mitigation of defects, and efficiency improvement of their 1
assembly lines. However, many companies are now taking “supplief)partnering” and “supplier allian
more advanced fgrm of supply chain management called “supplier:integration.” These companies focl
all the critical suppliers in their supply chain to achieve higher quality, reliability and maintainability, f
development, improved use of technology, reduced time to market, minimized investment in resources
product developmient costs.

ecision making in
nd time to market.
bnly do the group
present makes it
5 within the team.
ion for the others’

overhauling their
ity, reliability and
hanufacturing and
ces” into an even
s on aligning with
bster new product
, and reduction in

Suppliers increasingly indicate that they prefer involvement early in the development process. Suppligrs get involved in

product design, sbpport quality initiatives, increase profitability, provide schedule sharing opportunitieg
reduction ideas, maintain consistent communications and feedback, have a well organized crisis mang
system, and are, in general, totally committed to(the partnership.

1.2.5 Objective$ of a Maintainability Engineering Program

The objectives of| a Maintainability-RProgram are accomplished by implementing the six steps outling
paragraphs. Eadh objective should’be analyzed and tailored to the level applicable for the produc
developed for a clistomer. The,supplier shall implement and conduct a Maintainability Program reflectin
tailoring of the objectives.

1.2.5.1 Integrate Maintainability with the Systems Engineering Process

5, respond to cost
gement/response

d in the following
or system being
j the agreed upon

era e proce AVO Ng _detinition o <10 emen OW QOW

Systems engineeting’ i op down

of requirements,

functional analysis, allocation, design, test and evaluation. By integrating the maintainability activities into the design of
both the product and the manufacturing processes for creating the product, maintainability requirements will be addressed
concurrently with other requirements. The up-front integration of maintainability issues/activities/requirements with
engineering and manufacturing design activities will help to reduce program costs and schedules by minimizing duplicate
efforts and re-designs. An integrated systems approach is essential because maintainability is a major product
characteristic.
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1.2.5.2 Product Life-Cycle Cost

The in-serviceffield support cost factors can far outweigh the development and acquisition costs with most military and
many commercial products. Maintainability and other design and logistics disciplines are now well developed for ensuring
that supportability and operating cost factors are identified and considered from concept and throughout the life cycle of
the equipment, so that they influence the design with the aim of optimizing the life cycle costs. Proper Maintainability
influence on product designs includes support considerations which influence the equipment concept and design,
identifies the necessary support needed to field the equipment and provides an integrated process for delivering

supportable equip

1.2.5.3 Thorou

ment and support infrastructure.

hly Understand the Design

Thoroughly under
diagnostic capabil
knowledge allow.
potential shortcon
addressed during
including the spar
disposal.
1.2.5.4 Design
A maintainable p
preventive and co

of the product de
resources.

One aspect of n
performance priofr
about to occur ar
times. The replac
both the user and

maintenance to preventive maintenance, thereby,minimizing secondary consequences.

Another aspect is
means used to d
called diagnostics
design. For such
cause often acco
(BIT), which inclu
maintenance aids
identified at the ed

standing the design is essential to making the final product maintainable. Accessibili
ty, and repair times must be known or determined with as much certainty as time,"bug
Understanding the maintenance required to support the product during usewill aid
nings in design relative to maintainability, supportability and logistics. These shortc
the initial design phase to ensure all aspects of the product life cycle*will be suc
es (replacement parts), special tools (if any are required), maintenahceechnician trg

for Desired Level of Maintainability

roduct is the result of a conscious and dedicated .effort to incorporate design fe
rrective maintenance easy, safe, and economical in(terms of time and resources. It is

naintainability is pro-active failure detection, which allows identification of a det
to an actual malfunction. The hardware,software, or other means, used to detect th
e collectively called prognostics. This\leads to a reduction in malfunctions occurring
ement of items can be scheduled~with all the necessary resources, to a time and pl
maintainer, thus reducing down time. The pre-emptive nature of the actions effectively

determining when a product has malfunctioned and why. The hardware, software, or
btermine that a malfanction has occurred and to isolate the cause of the malfuncti

y, human factors,
get, and technical
in identifying the
bmings should be
cessfully handled,
ining and product

atures that make
the responsibility

velopment team to design the product so that it:¢an” be maintained within the consfraints of time and

eriorating product
ht a malfunction is
) at indeterminate
ace convenient to
moves corrective

bther documented
bn are collectively

. As products beecome more complex, diagnostics capability becomes an essential
broducts, diagnostics is a driver of maintainability because identifying and isolating a
ints for the majority of repair time. The most effective diagnostic capability encom

rliestiphase of the program along with maintenance aids.

1.2.5.5 Validate

nd critical part of
roblem to its root
sses built-in test

des any automatic and/or semi-automatic testing. Also included in this capability afe manual testing,
, and technical information. The necessary level of training and experience of perfsonnel should be

I\/Iqinfainnhilify

Throughout the design process, continual assessment of maintainability should take place through qualitative and
quantitative analysis. Computer simulation of maintenance can be a useful tool, which allows the maintainability
characteristics of a design to be “evaluated” before any model, or prototype is even constructed. Maintainability and
testability demonstrations can be conducted to show whether or not a product possesses the requisite characteristics.
The specific approach used for demonstrations should be agreed upon between the customer and supplier and be
identified in the program plan.


https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE JA1010-1 Revised MAY2011 Page 11 of 85

1.2.5.6  Monitor Maintainability

It is important for the customer, the supplier, or both to monitor the maintainability of the product in actual use. This
monitoring may be done through tracking warranty data, field experience, collecting specialized information, customer
complaints, and surveys. Monitoring and subsequent analysis of the data is done to identify maintainability
issues/problems, identify needed changes in policies, procedures, processes or design and to identify and document
lessons learned.

2. REFERENCES

The foIIowing apy icable puhlir‘ntinn forms a parf of this guir‘lp to the extent eppr‘ifipd herein and is the primary reference
for this guide.

2.1 SAE Publicgtion

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE JA1010  Maintainability Program Standard

2.2 Related Publications

The following publications are provided as additional sources of information related to the topics in this|guide and are not
a required part of this SAE Technical Report.

2.2.1 SAE Publ|cations

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 |(inside USA and
Canada) or 724-7§6-4970 (outside USA), www.sae.org.

SAE AIR5121 oftware Supportability
SAE ARP5580 ecommended Failure Modes.and Effects Analysis (FMEA) Practices for Non-Automobile Applications
SAE JA1000 eliability Program Stahdard

SAE JA1000-1 eliability Program Standard Implementation Guide
SAE JA1002 oftware Reliability Program Standard

SAE JA1003 oftware Reliability Program Implementation Guide

SAE JA1004 oftware Supportability Program Standard

SAE JA1005 Software Supportability Implementation Guide
SAE JA1006 Software Support Concept
SAE JA1011 Evaluation Criteria for Reliability Centered Maintenance (RCM) Processes

SAE JA1012 Guide to Reliability Centered Maintenance Standards


https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE

JA1010-1 Revised MAY2011

Page 12 of 85

222
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Available from U.S. Government, DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue, Philadelphia,
PA 19111-5094 and ASSIST website at http://assist.daps.dla.mil/online/start/.

MIL-HDBK-470A

MIL-HDBK-502

MIL-HDBK-759

Designing and Developing Maintainable Products and Systems
Acquisition Logistics

Human Engineering Design for Military Materiel

MIL-STD-1472F
MIL-STD-1629

MIL-HDBK-2155
MIL-HDBK-2165
MIL-PRF-49506
2.2.3 Ministry o

Available from Bri
Glasgow G2 8EX,

Defence Standarg
Defence Standarg
Defence Standarg
Defence Standarg
Defence Standarg
2.2.4 Other Put

ATA MSG-3—Op
Pennsylvania

Maintainability To

Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Procedures for Performing Failure Mode, Effects and Criticality Analysis (Cancelled,
Failure Reporting, Analysis and Corrective Action System

Testability Program for System and Equipment

Logistics Management Information Performance Specification

f Defence Publications

tish Ministry of Defence, UK Defence Standardization, Room 1138, Kentigern House
http://www.dstan.mod.uk.

00-25 Human Factors for Designers of Equipment

00-40 (Part 1) Reliability and Maintainability

00-42 (Part 3) Reliability and Maintainability (R&M) Assurance Guide—R&M Case
00-45 (Part 1) Requirements for Application of Reliability Centred Maintenance
00-60 Integrated Logistics Support

lications

prator/Manufaeturer Scheduled Maintenance Development, Air Transport Association
Avenue NW, Suite 1100, Washington, DC 20004-1707.

lkits-System Reliability Center, 201 Mill Street, Rome, NY 13440, Website: http://src.a

reference only)

65 Brown Street,

of America, 1301

ionscience.com.

RTCA/DO 178—Software Considerations in Airborne Systems and Equipment Certificafion, RTCA, Tnc, 1828 L Street
NW, Suite 805, Washington, DC 20036, E-mail: info@rtca.org.

3. GLOSSARY OF TERMS AND DEFINTIONS

A glossary has been included to enhance the understanding of this document. Appendix D contains various terms and
definitions associated with maintainability and the product life cycle. Many additional maintainability terms and definitions

can be found in th

e related publications listed in 2.2.
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4. THE MAINTAINABILITY PROGRAM

4.1 Maintainability Program Development

No single set of specific tasks and activities defines the “best” maintainability program. Specific tasks and activities
should be selected based on the type of product, the technology being used, product development budget and schedule
constraints, customer needs, and so forth. Certain elements are necessary for a sound maintainability program and
provide guidance to the process of selecting specific tasks and activities. These elements include program requirements,

development cycle phases and program activities.

A maintainability

rogram should be documented in a I\/Ininfninnhilify ngmm Plan_Such a plnn should address the

management app
schedule showing
should reflect the
development verg
described in the fq

A sound maintain
management tha
functions and eva
product maintaing
design process. A
requirement leadi
techniques like g
maintainability wh
design and analy
planning.

This section pro

implementation gdiide is not to prescribe any specific maintainability methods, but rather to provide gu

structuring a mai
achievement of g
program benefits

oach, required resources, interface with related disciplines, the activities constituting{
when activities should occur. No single model or standard plan is cited in this guide
unique requirements of the program, the technology being used in the product, th
us commercial off-the-shelf (COTS) or a non-developmental item and other factg
llowing sections, however, should be addressed in all maintainability plans.

hbility program begins with the proper integration of maintainabilityrwith”all elements
assigns and allocates resources, directs and controls processes, ensures the
uates progress. A maintainable product begins with a deliberate decision by manags
ble to the level desired by the customer. Maintainability considerations/requirements
s such, it must be considered in the same way as loads;-temperature, weight, etc.
ng to certain design approaches and features. To achieve a maintainable design, c
mulations, tests and analyses should be conducted. Some of these analyses n
ile others are also performed for other purposes.\Finally, data are needed to supp
5is, and data from the maintainability effort are’needed in other functional areas, ¢

vides guidance for developing and jimplementing a maintainability program. Th
htainability program. A maintainability program includes activities and methods s
maintainable product in a cost-effective manner. A properly planned and execut

poth the customer and the supplier as illustrated in Table 2.

TABLE 2 - BENEFITS OF A PROPERLY PLANNED MAINTAINABILITY PROGRAM

he program and a
because the plan
e amount of new
rs. The elements

of a program. It is
interaction of the
ment to make the
are integral to the

that is, a design
brtain engineering
hay be unique to
ort maintainability
specially logistics

e content of the
dance to assist in
blected to assure
ed maintainability

Customer Benefits Supplier Benefits

—Reduc

—Reduc

—Improvg the availability of the product
—Receive a maintainable product

customer costief ownership —Increase the probability of meeting maintainability
—Reduce supplier risk

—Quantify risk in achieving program requirements
—Help allocate resources to the most value-added

—Enhances capabilities in future programs

logistics burdens

targets

hctivities

4.1.1 Maintaina

bility Program Requirements

The three requirements identified in the Maintainability Program Standard (SAE JA1010, Section 4, Program

Requirements) ne

ed to be met in developing a maintainability program. The three requirements are:

Ascertain Customer Requirements (referred to herein as M1)
Meet Customer Requirements (referred to herein as M2)
Assure That Customer Requirements Have Been Met (referred to herein as M3)

The term “customer” may refer either to the end user, an intermediate contracting agency such as in the case of a DoD
program office, or a primary supplier obtaining products from a secondary supplier (e.g., major product developer
obtaining parts from a third party supplier). In a similar vein, a supplier may be the customer for sub-tier suppliers.
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Considering these different perspectives, the guide was written for a broad audience. It treats the activities within each
phase at a conceptual level of abstraction and identifies typical methods used by industry to satisfy each of the three
generic requirements.

When viewing the three requirements, the user needs to take a holistic perspective by considering both the product and

process for a particular product development program. For example:

M1—Ascertaining requirements includes identifying customer requirements for the product and the program

M2—Meeting customer requirements means building the product to meet customer requirements, and executing the

required program

M3—Assurance
The Maintainabili
compilation and a

Central to all acti
fully understand r
that the supplier k

4.1.2 Generic O

All products prog
organizations. W
will use three broa
the topics discusg
practices and pa
nomenclature ma

There are three
each phase. The

a. The Concept

product’s inte
meet customq

0 meet prngmm rpquirpmpnfc

eans conducting verification activities on the product as well as monitoring and contrg
Case (MC) is a recommended method for drawing all the assurance evidence togg
Lidit trail to show the progress towards compliance with the customer requirements.

ities throughout the maintainability program is the supplier-customer. dialog. This dig
bquired product characteristics and application and should continue throughout the ¢
hows all customer requirements and changes.

evelopment Cycle Phases

ress through a number of development life cycle phases, the definition of which n
nile it is recognized that industry employs a variety ©f different defined development

ed in this implementation guide and should be modified by each user of the guide tg
ticular product development strategies. Theére may be more or fewer than three
be different than that shown here.

generic development phases used\‘in this Implementation Guide.
three development phases used.are:

Phase which typically involves such actions as determining customer, needs,

hded operating environment, studying product feasibility, and considering alternate d
r needs.

The Design

solution for prpducing a product, and then designing the solution using the detailed approach.

C.

41.3

The Productign & Use-Phase which typically involves producing, testing, deploying, and supporting

Maintainapility'Program Activities

nd Development .Phase which typically involves such actions as developing a detai

lling the program.
ther into a logical

log is essential to

rogram to ensure

hay vary between
hases, this Guide

d generic development phases to illustrate program implementation. These phases provide a basis for

suit their specific
phases, and the

To assist the reader of this
implementation gyide in understanding the boundaryJines for these phases, a number of actions have

been identified for

nderstanding the
esign solutions to

ed approach and

bperational units.

A maintainability program activity is a defined action that uses one or more methods to satisfy a maintainability program
requirement. The three requirements of SAE JA1010 (Section 4, Program Requirements), i.e., M1, M2, and M3 each
have their own set of maintainability program activities. Table 3 illustrates the three requirements of SAE JA1010 along
with the activities associated with each. The paragraph numbers from SAE JA1010 are provided for cross reference
purposes. Table 4 provides a mapping of activities to M1, M2 and M3 and cross referenced to the three generic product
development cycle phases defined in paragraph 4.1.2. It should be noted that not all activities of SAE JA1010 may be
applicable to every program. Activity selection should be part of the customer/supplier dialogue.
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4.1.4 Applicable Methods (Methods Applicable to M1, M2, and M3)

Section 6 of this guide provides short descriptions for a number of maintainability methods. Methods are used to
accomplish design, test and support activities. Tables 5A, 5B, and 5C list the methods in relation to their applicability to
the requirements and activities of SAE JA1010 for the concept, design and development, and production phases,
respectively. The selection of methods is a highly individualized process. This document does not attempt to prescribe
any given methodology for selection of methods, or set of methods. There is no right answer that will apply across the
board to every organization or every product development. Suppliers and customers need to determine which methods
are most applicable to their specific product developments. No priority of importance should be inferred by their relative
listing in the tables.

TABLE 3 - SAE JA1010 MAINTAINABILITY PROGRAM
STANDARD REQUIREMENTS AND ASSOCIATED ACTIVITIES

(The following referenced paragraph numbers and titles are from JA1010)

Requirements Activities

M1 4.1 The Supplier Shall Ascertain Customer 4.1.1 Establish Supplier-Customer Dialogue
Requirements 4.1.2 Identify Conditions pf\Use

4.1.3 Define Maintenance and Service

4.1.4 Establish Metrics

4.1.5 Develop Product Specification

4.1.6 Operating Environment

4.2.1 Characterize Resources

4.2.2 Assess and Manage Risk

4.2.3 Design to Achieve Maintainability

4.3 4 Qualify the Product and Process

4./3.2 Establish Process Control

4,33 Pursue Continuous Process Improvement
4.3.4 Establish Data Collection and Reporting

M2 4.2 The Supplier Shall Meet Customer
Requirements

M3 4.3 The Supplier Shall Assure That Customer
Requirements Have Been Met

TABLE 4 - MAINTAINABILITY PROGRAM ACHVITIES MAPPED TO REQUIREMENTS AND PHASES

(The following referenced paragraph numbers and titles are from JA1010)

Concept Phase Design & Development Phase Production & Use Phase

M1 4.1.11 Establish Supplier-Customer
Dialbgue

4.1.p Identify Conditions of Use

4.1. Define Maintenancé and Service
4.1 Establish Metrics

4.1.p Develop Product.Specification
4.1.p Operating Eqvironment

M2 || 4.2[1 Characterize’ Resources

4.2.p Assess and Manage Risk

4.1.1 Establish Supplier-Customer
Dialogue*

4.1.2 Identify Conditions of Use*

4.1.3 Define Maintenance and Service
4.1.4 Establish Metrics*

4.1.5 Develop Product Specification*

4.1.1 Establish Supplier{Customer
Dialogue*
4.1.4 Establish Metrics*

*

4.2.1 Characterize Resources*

4.2.2 Assess and Manage Risk*

4.2.3 Design to Achieve Maintainability
4.3.1 Qualify the Product and Process
432 Ebtabils‘l PIUbUbb UUIIiIUi

4.3.3 Pursue Continuous Process

4.2.2 Assess and Manage Risk*
4.2.3 Design to Achieve
Maintainability*

4.3.1 Qualify the Produc} and

= x
FTULESS

4.3.2 Establish Process Control*

M3 || 4.3.p Establish Data Collection and
Re[.UIﬁllg

Improvement
4.3.4 Establish Data Collection and
Reporting*

4.3.3 Pursue Continuous Process
Improvement*

4.3.4 Establish Data Collection and
Reporting*

*Activity also appears in previous phase
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TABLE 5A - MAPPING OF MAINTAINABILITY METHODS TO SAE JA1010 REQUIREMENTS
AND ACTIVITIES-CONCEPT PHASE

Requirement

Activities and Methods: Concept Phase

M1 Activity 4.1.1: Activity 4.1.2: Activity 4.1.3: Activity 4.1.4: Activity 4.1.5: Activity 4.1.6:
Establish Identify Conditions |Define Establish Develop Product Operating
The Supplier Supplier- of Use Maintenance and | Metrics Specification Environment
Shall Ascertain Customer Service
Customer Dialogue C.1-Benchmarking C.1- C.6-Environmental |C.6-Environmental
Requirements C.6-Environmental |C.6-Environmental |Benchmarking [Characterization Characterization
C.1- Characterization |Characterization |C.11-Lessons |C.13-Allocations C.11-Lessons
Benchmarking |C.11-Lessons C.9-Human Learned Data [C.17-Goals and Learned Data
C.11-lessons earned Data Base Requirements Base
Learned Data Base C.17-Goals and C.17-Goals and |C.33-Trade Studies |C.17-Goals and
Base C.17-Goals and Requirements Requirements Reqtpirements
C.20-Program  |Requirements C.21-Maintenance |C.21- C.27-Repair
Plan C.20-Program Cost Analysis Maintenance Strajegies
C.30-Supplier |Plan C.27-Repair Cost Analysis
Monitoring C.27-Repair Strategies C.27-Repair
C.33-Trade Strategies C.34-Testability/ | Strategies
Studies C.34-Testability/ Diagnostics
Diagnostics C.36-Hardware/
C.36-Hardware/ Software
Software Maintainability
Maintainability Integration
Integration
M2 Activity 4.2.1: Activity 4.2.2: Activity 4.2.3:
Characterize Assess and Design to Achieve
The Supplier Resources Manage Risk Maintainability
Shall Meet
Customer C.12-Logistics | C.3-Design for C.3-Design for
Requirements Support Manufacturing and | Manufacturing and
Analysis Assembly Assembly
C.20- Program |C.13-Allocation C.4-Design
Plan C.16-Design Reviews
C.22-Physical |Evaluation C.5-Design Tools
and Digital Analysis C.9:Human
Mock-ups C.18-Modelling Factors Analysis
C.32-System C.19-Predictions, {C.16-Design
Integration C.25-Quality Evaluation
Function Analysis
Deployment C.18-Modelling
C.33-Trade C.19-Predictions
Studies C.31-Support
C.37*Maintenance |Equipment
Task Analysis Analysis
C.34-Testability/
Diagnostics
M3 Activity.4.8.1: Activity 4.3.2: Activity 4.3.3: Activity 4.3.4:
Qualify.the Establish Process |Pursue Establish Data Collection and
The Supplier Product and Controls Continuous Reporting
Shall Assure That |Précess Process
Customer C.4-Design Improvement C.2-Data Collection/Analysis
Requirements C.16-Design Reviews
Have Been Met  [Evaluation C.5-Design Tools |C.4-Design
Analysis C.14-Assessment |Reviews
C.18-Modelling |C.16-Design C.5-Design Tools
C.19- Evaluation C.14-Assessment
Predictions Analysis C.33-Trade
C 36-Hardware/ |C.37-Maintenance |Studies
Software Task Analysis C.37-Maintennce
Maintainability Task Analysis

Integration
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TABLE 5B - MAPPING OF MAINTAINABILITY METHODS TO SAE JA1010 REQUIREMENTS
AND ACTIVITIES-DESIGN AND DEVELOPMENT PHASE

Requirement

Activities and Methods: Design and Development Phase

Requirements
Have Been Met

C.15-
Demonstration
C.16-Design
Evaluation Analysis
C.19-Predictions

C.5-Design Tools
C.14-Assessment
C.15-Demonstration
C.16-Design
Evaluation

Analysis

C.11-Lessons
Learned Data Base
C.14-Assessment
C.26-Reliability
Centered
Maintenance
C.33-Trade Studies
C.37-Maintenance
Task Analysis

C.26-Reliability Centered Maintenance

M1 Activity 4.1.1: Activity 4.1.2: Activity 4.1.3: Activity 4.1.4: Activity 4.1.5: Activity 4.1.6
Establish Supplier- |Identify Conditions of [ Define Maintenance |Establish Metrics |Develop Product Operating
The Supplier Shall | Customer Dialogue Use and Service Specification Environment
Ascertain C.1-Benchmarking
Customer C.1-Benchmarking [C.1-Benchmarking | C.6-Environmental C.11-Lesson C.6-Environmental [ C.1-Benchmarking
Requirements C.20-Program Plan | C.6-Environmental | Characterization Learned Data Characterization C.6-Environmental
C.30-Supplier Characterization C.7-Error and Mistake | Base C.11-Lessons Characterization
Monitoring C.11-Lesson Proofing C.13-Maint. Learned Data Base |C.11-Lesson
Learned Data Base |C.9-Human Factors |Allocations C.13-Allocations Learned Data Base
C.27-Repair Analysis C.17-Goals and C.17-Goals and C.17-Goals and
Strategies C.T2-Logistics Requirements Requirements Requifements
C.31-Support Support Analysis C.18-Modeling C.18-Modeling C.26-Reliability
Equipment Analysis |C.21-Maintenance C.19-Predictions [ C.33-Trade Studies ,| Eenterled
Cost Analysis C.27-Repair Maintgnance
C.22-Physical and Strategies C.27-%epair
Digital Mock-ups Strategies
C.23-Obsolescence
Plans
C.24-Parts
Management C.26-
Reliability Centered
Maintenance
C.27-Repair
Strategies
C.37-Maintenance
Task Analysis
M2 Activity 4.2.1: Activity 4.2.2: Activity 4.2.3:
Characterize Assess and Manage [ Design to Achieve
The Supplier §hall | Resources Risk Maintainability
Meet Customgr
Requirements C.4-Design C.4-Design Reviews [C.3-Design for
Reviews C.5-Design Tools Manufacturing and
C.11-Lessons C.7-Error and Assembly
Learned Data Base | Mistake Proofing C.4-DesignReviews
C.12-Logistics C.8-Failure Modes [ C.5-Design Tools
Support Analysis and Effects Analysis [C.7-Erfornand Mistake
C.16-Design C.9- Human Factors |Proofing
Evaluation Analysis | Analysis C:8-Failure Modes
C.20-Program Plan | C.15-Demonstration. { and Effects Analysis
C.31-Support C.16-Design C.9-Human Factors
Equipment Evaluation Analysis™ | Analysis
Analysis C.18-Modeling C.10-
C.32-System C.19-Predictiohs Interchangeability
Integration C.22-Physical and C.16-Design
C.33-Trade Studies | DigitakMdck-ups Evaluation Analysis
C 36-Hardware/ C.23=0Obsolescence [C.19-Predictions
Software Plan C.22-Physical and
Maintainability C.28-Maintenance [ Digital Mock-ups
Integration Safety Analysis C.28-Maintenance
C.33-Trade Studies |Safety Analysis
C.37-Maintenance | C.29-Software
Task Analysis Maintainability
C.31-Support
Equipment Analysis
C.34-Testability/
Diagnostics
C.36-Hardware/
Software
Maintainability
Integration
C.37-Maintenance
Task Analysis
M3 Activity 4.3.1: Activity 4.3.2: Activity 4.3.3: Activity 4.3.4:
Qualify the Product | Establish Process Pursue Continuous Establish Data Collection and Reporting
The Supplier Shall |and Process Controls Process Improvement
Assure That C.2-Data Collection/Analysis
Customer C.14-Assessment |C.4-Design Reviews |C.4-Design Reviews |C.12-Logistics Support Analysis
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TABLE 5C - MAPPING OF MAINTAINABILITY METHODS TO SAE JA1010 REQUIREMENTS
AND ACTIVITIES-PRODUCTION AND USE PHASE

Requirement

Activities and Methods: Production and Use Phase

M1 Activity 4.1.1: Activity 4.1.2: Activity 4.1.3: Activity 4.1.4: |Activity 4.1.5: | Activity 4.1.6:
Establish Identify Conditions |Define Establish Develop Operating
The Supplier Shall |Supplier- of Use Maintenance and |Metrics Product Environment
Ascertain Customer Service Specification
Customer Dialogue C.1-Benchmarking C.1- C.A-
Requirements C.11-Lessons C.7-Error and Benchmarking |C.11-Lessons |Benchmarking
C.1- Learned Data Mistake Proofing |C.11-Lessons |Learned Data |C.2-Data
Benchmarking Base C.22-Physical and |Learned Data |Base Collection/
C.30-Supplier C.27-Repair Digital Mock-ups |Base C.33-Trade Analysis
Monitoring Strategies C.26-Reliability C.27-Repair Studies
C.3T-Support Centered Strategies
Equipment Maintenance C.37-
Analysis C.27-Repair Maintenance
C.37-Maintenance |Strategies Task Analysis
Task Analysis C.37-Maintenance
Task Analysis
M2 Activity 4.2.1: Activity 4.2.2: Activity 4.2.3:
Characterize Assess and Design to Achieve
The Suppligr Shall |Resources Manage Risk Maintainability
Meet Customer
Requirements C.12-Logistics C.2-Data C.7-Error and
Support Analysis |Collection/Analysis | Mistake Proofing
C.31-Support C.7-Error and C.9-Human
Equipment Mistake Proofing |Factors Analysis
Analysis C.9-Human Factor |C.16-Design
C.32-System Analysis Evaluation
Integration C.11-Lessons Analysis
C.33-Trade Learned Data C.22-Physical and
Studies Base Digital Mocksups
C.35-Training C.12-Logistics C.28-Maintenance
Support Analysis | Safety Analysis
C.14-Assessment |C.31-Support
C.15- Equipment
Demonstation Analysis
C.26-Reliability C.33-Trade
Centered Studies
Maintenanee C.35-Training
C.28-Maintenance |C.37-Maintenance
Safety Analysis Task Analysis
C.33-Trade
Studies
Ci37-Maintenance
Task Analysis
M3 Activity 4.3.1% Activity 4.3.2: Activity 4.3.3: Activity 4.3.4:
Qualify the Establish Process |Pursue Establish Data
The Supplidr Shall | Product.and Controls Continuous Collection and
Assure Tha Pracess Process Reporting
Customer C.3-Design for Improvement
Requirements Cy2-Data Manufacturing and C.2-Data
Have Been [Met Collection/ Assembly C.2-Data Collection/
Analysis C.23- Collection/Analysis | Analysis
S44 Obseleseence CError-and S44
Assessment Plan Mistake Proofing |Assessment
C.15- C.24-Parts C.12-Logistics C.15-
Demonstration |Management Support Analysis | Demonstation
C.19-Predictions |C.26-Reliability C.26-Reliability C.26-Reliability
C.31-Support Centered Centered Centered
Equipment Maintenance Maintenance Maintenance
Analysis C.33-System C.27-Repair
Integration Strategies
C.36-Hardware/ C.33-Trade
Software Studies
Maintainability C.36-Hardware/
Integration Software
C.37-Maintenance |Maintainability
Task Analysis Integration

C.37-Maintenance
Task Analysis
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4.1.5 Maintainability Method Selection Criteria

Selecting Maintainability methods for a given program is a highly individualized process.
emphasized and this document does not attempt to prescribe any given method or set of methods.
answer that will apply across the board to every organization or every product development.

This point cannot be over

There is no right

Suppliers and customers

need to determine which methods are most applicable to their specific product developments. Selecting methods should
be based on product development strategies and individual needs and procedures for the user’s operating environments.

However, selecting maintainability methods can be made easier by using Tables 5A, 5B and 5C as
program phase.
requirements, activities and the methods described in this document.
maintainability methods including their purpose, intended application, benefi

4151 Concept Phase Methods

The suggested methods for the Concept Phase are outlined in Table 5A. The JA1010 requirements
and the related gctivities associated with the requirements are outlined in Table 5A. Selection of &
methods for the fequirement and activity depends on the type of product, complexity and the inteng
maintenance envifonments. The selection of methods should be coordinated with the customer and thg
well with the prodluct supplier. The suggested Maintainability methods represent typical activities rg
phase of a progrgm. The Concept Phase methods are basically associated with,early planning, requi
minimizing cost off operations and design analysis. The degree of implementation for any method depe
operational criticality and the expected user cost burden in the operational environment. Trade off shou
method selection process to assure complete maintainability coverage during the product definition in th

The goal for the $election of Maintainability methods and the implementation of the methods is to pe
design influencing effort at a minimum cost. The effectiveness 6f-a Maintainability Program depends|
and the team sugporting the execution of the Concept Phase‘methods. The product and the operatiq
influence the degree and level that maintainability method “are considered and implemented during
method can be injplemented on a scale of minimum to maximum cost for the supplier technical enging
this phase. It |s imperative that the Maintainability“"methods implemented during this phase
requirements, a nfaintainable product concept and support resources identification.

4.1.5.2 Design pnd Development Phase Methods

Many of the methgds initiated in the Concept Phase continue into the Design and Development Phase
5B. The level of|effort or the type oflac¢tivities may change due to the transition from a concept to
design phase. Aqg the design detajls‘and information becomes available, in depth analysis and predicti
characteristics cap be observed and“documented. Maintainability methods transitioning from the conce
method implemented during this;phase become supportive of design decisions and identifying the pro
for support resourges in thecoperating environment.

The Maintainability method selection process should be focused on the impact and influence the me
contribute to the gesign process. The compIeX|ty of the product, operatlonal criticality and developme

guidance for the

These tables provide a correlation between the Maintainability Program Standard (JA1010)
Section 6 provides short descriptions of

M1, M2, and M3)
ny Maintainability
ed operating and
e product users as
lated to the early

:Lement definitions,

ds on the product
Id be made in the
e Concept Phase.

rform an effective
on the personnel
ns of the product
his phase. Each
ering effort during
produce effective

As shown in Table
an actual supplier
bns of the product
pt phase and new
duct requirements

hod can make or
nt cost should be

mna-Main N

used as a guide in

hgineering level of

effort to perform the method should be dependent on the product The level of effort to perform each method should be
based on the expected contribution to the design and the final product performance. Judgment in the method selection is
generally based on engineering experience, customer needs, performance expectations and cost.

4.1.5.3 Production and Use Phase Methods

The Maintainability methods used in this phase are primarily verification, data collection and assessment of the product
characteristics. Often many of these methods will have been initiated in earlier program phases and transition to activities
associated with actual hardware and software through later phases. The recommended Maintainability methods for this

phase are listed in Table 5C. All the methods are shown as continuing efforts from the Design and Development Phase.
The degree of implementation is dependent on the complexity of the product, cost and customer expectations.
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The selection process for the Maintainability methods should be directed at verifying requirements, establishing
operational/maintenance history for the product and corrective action for the discrepancies identified in the Production
and Use Phase. The selected methods should provide benefits or improvements to the product usability, provide user
confidence in the product and provide operational and maintenance feedback to the supplier engineering and
management teams. The methods should be tailored to the complexity of the product and the potential product
improvements for performance enhancement.

4.1.54 Maintainability Methods Summary by Program Phase

Table 6 provides an overview of the recommended Maintainability methods and applications as they relate to the three
program phases quilined in Table 5A, 8B and 5C._This summary is provided to show the application of the method by
program phase. | Some of the Maintainability methods are recommended for all program phasés|while others are
recommended for selective program phases. Appendix C contains descriptions of the Maintainabl|lity methods with
additional information on the purpose, application, key elements, benefits, limitations and references.

TABLE 6 - MAINTAINABILITY METHOD USAGE BY PHASE

Table 5B Table 5C
Appendix C - Table 5A Design and Froduction and
Page Index/Method Title Concept Development Use

C.1  Benchniarking #
C.2 Data Cdllection/Analysis #
C.3  Design for Manufacturing and Assembly
C.4 Design Reviews

C.5 Design fools

C.6  Environmental Characterization

C.7  Error and Mistake Proofing

C.8 Failure Modes and Effects Analysis

C.9 Human Factors Analysis

C.10 Interchgngeability

C.11 Lessong Learned Data Base

C.12 Logisticy Support Analysis

C.13 Maintainability Allocations

C.14 Maintainability Assessment

C.15 Maintainability Demonstration

C.16 Maintainability Design Evaluation Analysis
C.17 Maintainability Goals and Requirements
C.18 Maintainability Modeling

C.19 Maintainability Predictions

C.20 Maintainability Program Plan

C.21 Maintengnce Cost Analysis

H HAH R

HHHH H*
H H H* H +H* HH

HHEHFHHHH
HFHEFHFHFFEHRFEHRFHFFEHRHEHFRFHFEEFEREHFHH

C.27 Repair ¢
C.28 Maintenance Safety Analysis

C.29 Software Maintainability

C.30 Supplier Monitoring

C.31 Support Equipment Analysis

C.32 System Maintainability Integration

C.33 Trade Studies

C.34 Testability/Diagnostics

C.35 Training

C.36 Hardware/Software Maintainability Integration
C.37 Maintenance Task Analysis

H R H HHHH®
HHH R
HHHH H H H*

H H

# Denote a task that may apply to this phase.
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4.2 Maintainability Program Integration and Implementation

Historically, product Maintainability efforts were sometimes integrated without sufficient planning and integration into the
overall product development program. Consequently, the Maintainability program was disjointed from the rest of the
program and was therefore less beneficial to the product. Ideally, Maintainability methods and activities should be
carefully chosen and integrated into the overall program.

4.21 Maintainability Program Plan

The product maintainability development plan would ideally be a stand alone document for the maintainability program, or
may be integrate in the broader overall pragram plan The plnn should document the fnllnwing pragram details:

a. A description pf how the maintainability program will be conducted to meet customer requirements.
b. Provide the maintainability methods and activities to be utilized.
c. A description pf how each maintainability activity and method will be performed.

d. Identification jof the relevant points of contact responsible for managing the)maintainability prpgram and those
responsible fgr implementing each activity and method.

e. A description pf critical activities.

f. A description jof how maintainability elements will interface with other engineering disciplines and how maintainability
tasks and actiyities are disseminated to designers and other associated personnel.

g. A schedule with estimated start and completion points for.all-activities and methods.

h. A description pf known maintainability problems to be solved and an assessment on the impact of these problems on
meeting custgmer requirements. Plans on how to-solve these problems could also be included.

i. Statements off sources of maintainability guidance documentation.

1. Identificatjon of inputs required from-other disciplines necessary to help implement maintainability activities and
methods.

2. Resourcelallocation information.
3. ldentificatjon of maintainability analysis results to other disciplines.

j- Establish sucgess criteria.

A formal plan may‘not always be required, but when required, the extent of the plan should be mutlially agreed upon
between the supplier and customer.

4.2.2 Maintainability Program Implementation

Implementation of each maintainability program will vary according to the particular product development strategy and
unique program issues. Tables 4, 5A, 5B, and 5C show how all the methods described in this implementation guide may
come together for the implementation of the maintainability program. Each organization may have their own phase
terminology which could differ from that shown here.
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4.3

4.3.1

Performance Based Maintainability Requirements

Quantitative Performance Based Requirements

Quantitative performance based maintainability requirements are analytical parameters that are capable of being
expressed as a quantity and are susceptible to measurement. These requirements are typically determined using time
based factors, the most common of which are; (1) the mean time or maintenance man-hours required to return a product
to a serviceable condition; and (2) the frequency with which these repairs must be conducted over time. Typically, these
performance requirements are based on average values (mean time to repair, for example), however, they can also be
tailored to include other statistically significant maintainability characteristics (such as maximum time to repair), as the

requirements of the program dictate. Table 7 provides 3 listing of the most common quantitative req

irements used by

customers and su

4.3.1.1 Correct
When establishin
to the types of m
those maintenand
(2) preventive ma

ppliers.
ve Maintenance versus Preventive Maintenance

quantitative performance based maintainability requirements, further consideration
intenance which can be performed. There are two types; (1) corrective maintenang
e actions required to restore a failed item to a specified condition-after a failure
ntenance, which includes those maintenance actions performed\with the desire to 1

specified conditiop by providing systematic (usually scheduled) inspection, detection, and prevention o

Chargeable corre
replacement, rea
inspections, calib
maintainability bz
maintenance (e.g
be developed whi

ctive maintenance times are related to activities associated with troubleshooting, dif
5sembly, alignment, adjustment and checkout. Preyentive maintenance actions
ation, condition monitoring, and/or replacement of critical items at designated time i
sed performance requirement can be developed/which includes both correctiv
, maintenance man-hour/operating hour), however; more detailed maintenance requ
Ch specifically addresses one maintenance type*or another.

4.3.1.2 Levels

f Maintenance

Levels of maintengnce relate to the division of functions and tasks for each area where maintenance is
are determined based on the location and the capabilities (both in terms of manpower and equipmen
that site. Maintgnance levels are typically broken down into the following categories: (1) on-sys
maintenance typigally accomplished at the customer’s operational site (Organizational level maintenarn
characterized as including tasks which are performed by the user organization on its own equipment by

needs to be given
e, which includes
as occurred; and
etain an item in a
[ incipient failures.
sassembly, repair,
include periodic
ntervals. A single
e and preventive
rements can also

performed. They
) of the activity at
em/on-equipment
ce), which is best
personnel usually

involved with the |joperation and use of that equipment, having minimum time available for detailed and lengthy system

maintenance; (2) pff-line maintenance-performed at a nearby location for those components removed frg
site for maintenangce (Intermediate-level maintenance), using facilities typically including maintenance
are usually more $killed and better equipped, allowing them to perform more detailed troubleshooting a
(3) maintenance ¢onducted atya:remotely located overhaul facility or the supplier’s facility (Supplier/m
level maintenande), whichtypically contains complex and relatively bulky capital equipment, large qu

m the operational
personnel which
nd repair tasks; or
anufacturer/depot
antities of spares,

environmental control previsions, and has the capabilities of performing the most highly complex mainténance operations

including the complete‘gverhauling, rebuilding and calibration of equipment. Quantitative maintenance
typically established-separately for each level of maintenance since their mission, operating environmer

requirements are
t, and capabilities

endentof one-another
HES-01+-0Re-ahRothe-

are distinctly indet
4.3.1.3 Examples of Quantitative Maintainability Performance Requirements

Examples of Quantitative Maintainability Performance Requirements are provided in Table 7.
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TABLE 7 - QUANTITATIVE MAINTAINABILITY REQUIREMENTS EXAMPLES

Requirement

Description

Maintenance Type/Level of

Maintenance

Mean Time to
Repair (MTTR)

The average repair time for a system or component during
a given evaluation period.

Total Elapsed Maintenance Times for All

Maintenance Actions Considered
MTTR =

Total Number of Repairs Completed
During Evaluation Period

Type- Typically associated with corrective
maintenance performed as a result of chargeable

failures experienced.

Level- Can be determined for any level of

maintenance.

Maximum Time to Repair

The time below which a specified percentage of

Type- Typically associated with corrective

(MMax) maintenance tasks must be completed to restore the maintenance performed as a result of chargeable
system to an npprn’rinn state failures nypnrinnrnr{
Level- Can be associated with’arly level of
maintenance.
Mean Time Betweep Type- Typically associated with cprrective

Maintenance Actior]

Total Operating Hours
Accumulated During Evaluation Period

maintenance performed,as a resu

It of chargeable

(MTBMA) MTBMA = failures experienced.
Total Number of Maintenance Level- Associated with on-equipnment maintenance
Actions Experienced conducted at the drganizational Igvel.
Mean Time Betweep Type- Typically associated with cprrective
Removal (MTBR) Total Number of Operating Hours maintenance performed as a resylt of chargeable
MTBR = Accumulated During Evaluation Period failures experienced.
Total Number of Removals Experienced Level~ Associated with _on-_equipn ent maintenance
conducted at the organizational Igvel
Maintenance Man-Hours per Total Maintenance Man-Hours for Type- Can be determined for either corrective or
Operating Hour (MMH/OH) All Maintenance Actions preventive maintenance or a compination of both.
MMH/OH = o2l Onerafe Fours Level- Associated with on-equipment maintenance
1 u H H
Accumulated Dllj)l'ing Eealuation P conducted at the organizational Igvel.
Maintenance Man-Hours per Total Maintenance Man-Hours for Type- Can be determined for either corrective or
Maintenance Actior MMH/MA All Maintenance Actions preventive maintenance or a compination of both.

(MMH/MA)

Total Number of Maintenance Actions
Completed During Evaluation Period

Level- Associated with on-equipn
conducted at the organizational |

ent maintenance
vel.

Maintenance Down
(MDT)

Time

A measure of the time a system is:dewn for repair of
critical hardware and software faults, including time
associated with logistic delays!

Type- Can be determined for eith
preventive maintenance or a com
Level- Associated with on-equipn
conducted at the organizational lg

er corrective or
bination of both.
hent maintenance
vel.

NOTES — Refer

1. MI
an
2. M3

to the following documentsfer-a complete discussion on quantitative values.
| -STD-470A, Designing and’Development Maintainable Products and Systems, Para 4

i Appendix D.

intainability Toolkit~Topic 2.3, Topic 6.3, Topic 6.4, Section 7, Appendix E and Apper

4.3.2 Qualitativg Performance Based Requirements

accessibility, co

L.4.1, Appendix B

dix G.

monality;> error proofing and standardization and are imposed to ensure thap certain specific

Qualitative perfo’r{ance baséd maintainability requirements are associated with physical design chargcteristics such as

maintainability en

aneingfeatures are included in the system design from its inception.

Areas of consideratiomforquatitative performmance based mmaintaimabitity Tequirermentsinclude:

—Component Placement and Accessibility

—Reliability in Terms of Making Less Reliable Components More Accessible

—Standardization and Interchangeability

—Error proofing

—Complexity with the Focus on Minimum Parts
—Human Factors Considerations (Lifting and Handling Requirements, Shipping Requirements)

—Damage Susceptibility
—Labeling

—Packaging (Modularity)

—Transportability

—Maximum Use of Common Tools
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—Support Equipment Requirements
—TFault Localization and Isolation
—Testability

—Safety

In practice, one generalized approach for implementing qualitative maintenance requirements would be to establish a set
of maintainability design guidelines based on system requirements, common design practices, and lessons learned from
previous programs. These requirements can then be further translated into a series of checklists for distribution to system

and equipment de

4.3.3

signers as aids to be followed in the day-to-day design process.

Implementation of Performance Based Maintainability Requirements

Performance basgd maintainability requirements are first used to allow the customer to establish expéet

the beginning of

the system in question. As the program progresses into the development and production sta
requirements are [then used as a basis for monitoring product and process characteristics imorder to
of, and to facilitatg control over, a product’s development.

4.3.31

It is important that clearly defined, quantifiable operational design requirements, are established at t
program in order fo ensure that the product meets the customer needs from both maintainability and 3

perspective. In t
maintainability pe
but which also tak
should be given tg
set of maintaina
documented for d
4.3.3.2 ThePe
The maintainabili
maintainability pe
the previously es
appropriate formg
from concept thr
activities such as
is to establish eff
and validation of
through the supe
established in thg
with the maintaing

4.3.3.2.1

Establighment of Overall Operational Performance Based Maintainability Requiréments

program as a series of design parameters pertaining to the inherent maintainahility

e initial phases of the requirements selection process, careful attention must be pl
formance based requirements which are realistic, notonly in terms of being achievab
e into consideration overall program cost, schedulel.and performance. At the same t
the maintenance concept, the field maintenance environment, human factors, and s3
ility requirements has been arrived at based-on these considerations, they sh
stribution to the applicable engineering/contracting activities.

formance Monitoring and Control Process

y management plan is the standard tool used to outline the approach and prd

ations or needs in
characteristics of
ges, these initial
thart the progress

he beginning of a
n overall program
aced on selecting
e through design,
me, consideration
fety. Once a final
ould be formally

cesses by which

formance is monitored and centrolled through all phases of a product’s life cycle, taking into account

stablished performance based maintainability requirements. One goal of the plg
| maintainability engineering involvement at the earliest stages possible in the prog
bugh full-scale development. Plans and schedules are established for maintaing
system design and analysis, demonstration and test, and data collection and monitori
bctive maintainability/management control of the design and development process t
timely and aceurate feedback from these activities, and from a program manage
vision of proegram tasks. In terms of schedule, maintainability decision points must
progranyplan supporting overall program milestones. Several key engineering ac
bility performance monitoring and control process are outlined below.

n is to establish
fam’s progression
bility engineering
ng. A second goal
hrough the review
ment perspective,
be identified and
tivities associated

Syste

m-Design Development and Analysis

As the design of the product progresses, the maintainability characteristics must be analyzed to verify that the design
approach is on track to meet maintainability needs and to identify critical areas which may require further design
improvement. Maintainability allocations and predictions should be conducted as part of this process for comparison
purposes to the originally established maintainability requirements. Design reviews should also be conducted to
specifically assess the maintainability achieved in preliminary and final design iterations and to identify specific problem
areas and paths for resolution.
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4.3.3.2.2 Maintainability Verification, Demonstration, and Evaluation

Informal maintainability demonstrations can be conducted throughout the design development phase, when they are used
to aid product development and identify potential problem areas with the physical design. A very useful technology for
this is computer digital visualization, for which commercially available software already exist. After the design process has
been completed, more formal demonstrations are conducted with higher fidelity hardware, which more closely resembles
the final product in terms of form, fit, and weight. The focus of these later demonstrations then shifts to verifying
conformance to a specified quantitative maintainability requirement as a condition for acceptance of that product by the

customer.

43.3.23 Conti

uous Maintainability Monitaring

Finally, product m
product, preferab

failure analyses and other problem reports can be used to identify specific maintainability problem ar

The overall goal g
actions for initiatio

5. MAINTAINAB|
The description of
(Part 3), Reliabilit
00-42 and tailoreg
5.1 Introduction
As stated earlier,
Implementation G
the product. Figur
5.2 Definition

The Maintainabilit

aintainability should be monitored on a regular basis by analyzing the data generate
y as part of an automated maintenance management reporting system. On a ca

f this effort would be to investigate the underlying cause of the reported problems and
n as part of a closed loop process.

LITY CASE (MC)

the Maintainability Case described in this section follows the British Ministry of Defen
and Maintainability Case. The authors of this sectionwere key contributors to the
the following to represent the Maintainability Case regquirements presented in the follg

the maintainability program must be an integral part of the overall project progran
Lide describes the principles of the MC and-provides guidance on the content and its
b 1 shows the relationship among the gverall project program, reliability program, and

defined product s
requirements thr

y Case is a reasoned, auditable and documented argument created to support the
tisfies the maintainability requirements. It provides an audit trail of the engineering cq
gh to evidence of compliance and is intended to be used throughout the program

supplier down to individual sub-suppliers: It forms an integral part of all the engineering activities that
the program, and|provides traceability’as to why certain activities were undertaken and how they wer
successful. In essence it represents a framework comprising the proposed maintainability program plan
‘success criteria’ for each activity, and the evidence that supports that the ‘success criteria’ was met. 1

bd by users of the
se-by-case basis,
bas as they arise.
identify corrective

e Standard 00-42
Defence Standard
wing paragraphs.

. This part of the
use for the life of
the MC.

contention that a
nsiderations from
chain from prime
take place during
e be judged to be
and activities, the
'he MC should be

continually updatgd as the program progresses.

5.3 Success Cirfterion

A success criterio ; able management
to determine whether or not the result of each activity (the evidence) has attained the expected performance. For example
a success criterion may be the achievement of a prescribed Mean Time to Repair (MTTR) for a specific part of the
complete system. The achievement of these criteria will give both customer and supplier confidence that the program is
proceeding according to expectations. If the results indicate that the product maintainability performance is not at the
expected level for the specific stage of the program or that the evidence does not satisfy its ‘success criteria’, then the
product development program should be reviewed. This may include measures such as a re-design or a change to the
original requirements.
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5.4 Status Report

At predetermined intervals during the maintainability program the MC will typically be summarized in a MC Status Report
which includes a summary of the evidence developed by the maintainability activities. This status report is reviewed to
assure that the maintainability program is meeting the agreed-upon requirements. The MC and the MC Status reports
also assure that the dialogue between customer and supplier is developed and maintained. The frequency of the MC
Status report needs to be agreed upon before the program starts and should be sufficient to keep the customer informed

of progress without being too frequent as to be an unnecessary burden.

5.5 Application

MC is most bene
and multiple locat
tiers of the MC ar]
supplier.

5.6 Maintainabi

Figure 1 shows th
the maintainability
Analysis of the m
risks. The activiti
requirements hav
and requirements

5.6.1 Content

The MC should in
a. The maintaing

b. A description

assessment o
The feasibility

The feasibility
product deplo

The resourceq

ficial in complex or long time-frame programs characterized by lengthy intervals be
ons and contractors. However, it can benefit programs of virtually any length or comp
d number of suppliers can be tailored and should be mutually agreed upon by-the cU
ity Case Process

e maintainability program as an integral part of the general project.process. It is a rep
aintainability requirements provides the targets for the proposed design and identif
s within the maintainability program should both mitigate the risks and provide

b been met. This evidence in turn feeds into the MC {o\provide progressive assuran
are being met.

Clude as appropriate:
bility requirements and supporting rationale.

of the strategy for achieving._the maintainability requirements in design and p
f its feasibility, strengths, and\limitations.

of collecting relevant, meaningful, and sufficient data for maintainability evaluation.

of testing the product in accordance with its identified operational profiles, given th
yment.

needed fon testing and data collection.

ween milestones,
exity. The level of
stomer and prime

esentation of how

program links to the project process and builds the evidence)framework for the maintainability case.

es maintainability

evidence that the

te that milestones

foduction and an

e uncertainties of

T Previous Usage.

f. Testing results.
g. Performance
h. Simulation results.

i. Results of analyses including relevant calculations.

j-

Expert assessment of product Maintainability based on a. through i. and engineering judgment.

Appendix A contains a more detailed description of the content of the MC Status Report.
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5.6.2 Assumptions

Figure 2 illustrates that the reasoned arguments in the MC can combine different types of evidence within the bounds of
the assumptions. It is important that these assumptions should be declared openly. During the Maintainability Program,
the key assumptions should be validated where possible. The reasoned arguments enable claims to be made about the
expected maintainability performance, and these claims, together with their backing evidence, make up the MC. General
guidance in the presentation of evidence in the MC and the assessment of that evidence is included in Appendix A.

General Project Process Maintainability Process
C’“g?g:‘gt First Objective Third Objective
Ascertain Assurance that the
¢ Requirements Customer Requirements
have been
. Maintainability
—> Requirement —>> Requirement
¢ 0 [
|
—>|  Analysis —>| Analysis Maintainability
System description
» ¢ A Reasoned Argument
8 g
§ g_ Framework
Q < b d|e
Strate: a c
1> gy § > Structure : .
S © flg|lh|]il]lij
ks 8
3 &L
e
Project’Plans [
e.g. Reliability, M
—> Maintainability, —P
Project Plan, > Maintainability
Safety, ILS, Program
Quality
Activitie_s = = MC Status Report
e.g&Specify, | L > -
L3,| SDesign, Maintainabilit L
Analyze, all\; ainability
. B > ethods
Qualify, and Tools Human Factors
Produce SHH ———> Operators
[ S Maintainers
I N
[ ~
N NN Logistic
Acceptance
Second
Meet the Customers
Requirement

FIGURE 1 - RELATIONSHIP BETWEEN THE MAINTAINABILITY PROCESS,
THE OVERALL PROJECT PROGRAM AND EVIDENCE PRODUCED
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5.6.3 Program Maturity

A particular development stage within a product life cycle phase may be undertaken by more than one supplier, each
having a different starting point and associated risks. For example, one supplier may propose a new concept, whereas
another may propose a solution based on an existing product. The new concept may require more analytical and
development test activities, whereas the maintainability evidence for the existing product would be based largely on data
from past performance. Therefore, the proposed activities in the maintainability program and type of evidence presented
by the supplier in the MC will vary depending on the nature and maturity of the material being designed, developed or
produced, and the usage and environment when in service.

5.6.4 Combined Status Report

Figure 1 shows the relationship between the maintainability program and the overall project program. | It also shows the
MC Status Repor{ as a potential input to the operator/maintainer information and the logistics support process. Appendix
B describes the expected content of the MC Status Report. The MC Status report may be combined with other assurance
validation evidence (Logistics, Maintainability, etc.) into a single Status Report at the discretion’of the customer.

Evidence Assumptions >
Previous Usage
g9 N
Calculations ~
Testing / Trials ‘> Reasoned
/ Arguments
Simulation -—/
Analyses L—
Expert Opinion e

Maintainability
Claims

FIGURE 2 - CLAIMS BASED ON ASSUMPTIONS AND EVIDENCE

5.6.5 Review a|||d Update

The MC is a working document and must be continually reviewed and updated, especially when:
a. There are changes in the maintainability requirements.

b. There are changes in how or where the product is used.

C. The product is modified.

d. There is an accepted deviation between actual performance and design target(s).
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5.7 Maintainability Case and Product Life

5.7.1  Documentation Flow

Figure 3 illustrates the flow of documentation between the customer and the supplier(s) during MC development and
production. At the concept stage of a product’s life, the customer will determine the maintainability requirements so that
his operational and support needs are satisfied. The rationale for the maintainability requirements should be recorded,
preferably in an initial MC Status Report to potential suppliers, thereby ensuring that the requirements are directly
traceable thereafter to the original customer requirements. This MC should be provided to the supplier(s) as part of the

request to him to participate in the program, with due consideration of security and commercially sensitive issues. This
will provide the supplier with visibility of the maintainability requirements and how they have been determined.

Customer Suppliens I-l
\ Request for Suppliers to o=
partiCipate \
Suppliers proposed Maintainability /
Program and proposed MC

—> Select single Supplier, \
Select

(/ Supplier

—

MC Status Reports
at agreed milestones

Final MC Status Report at
Accpptance D — end of Maintainability Program

FIGURE 3 - MC DOCUMENTATION FLOW FOR INITIAL DEVELOPMENT AND/OR PRODUCTION

5.7.2 Responsibility

supplier. The responsibility for the MC will remain with the supplier until that part of the program is [complete and the
customer has accgpted the MC, at which time the ownership shall return to the customer.

When there is arE agreement to undertake a maintainability program, the responsibility for the MC| will move to the

5.7.3 Ownership

The ownership may change between the customer and supplier several times during the life of the product, and possibly
between the customer and different suppliers, if different suppliers undertake programs at different times. Figure 4 shows
the flow of documentation where improvements are to be incorporated into an existing design. These may take place as a
mid-life update, or where progressive improvement is carried out by several separate stages during the life of a product.
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MC at end of Original or Initial
Maintainability Program)

Customer (Final MC Status Report and

S Iy

* Maintenance of In-Use MC *

I

Request for Suppliers to participate in

Improvement Program

i

\

Suppliers propose Maintainability Program and tu
MC for the Improvement
Select single Supplier \
Select
Supplier

MC Status Reports
at agreed milestones

-/

A

h

Acceptance

Final MC Status Report at end of
Maintainability Improvement Program

NOTE: In some situations the Supplier may maintain the MC after the product has been delivered

5.7.4 Product In

When improveme
design can be us
improvements are
5.7.5 Uncertain
During a program
of a program, the
product, usually W

will aim to drive th
the estimate is rey

hprovement Programs

Yy

5.7.6 Final Maingtainability Case Status Report

FIGURE 4 - MC DOCUMENTATION FLOWFOR AN IMPROVEMENT PROGRAM

hts are to be incorporated into an.existing design, the final MC and MC Status Repor
pd as a starting point. These improvements may take place as a mid-life update, or
carried out by several separate stages during the life of a product.

the MC shall pravide the supplier and customer with progressive maintainability assu
assurance may.simply be an estimate based on evidence of the current maintainabili
ith an assogiated high level of uncertainty. The maintainability activities undertaken d
e maintainability measures toward the supplier's target maintainability and increase the confidence that
resentative of the product’s actual maintainability.

[ from the existing
vhere progressive

rance. At the start
y measure for the
Iring the program,

The final MC Status Report supplied by the supplier will be reviewed by the customer as part of the program completion

process.

6. MAINTAINAB

ILITY METHODS

A product team typically uses a number of engineering, maintenance, logistics and managerial techniques to achieve the
objectives of maintainable product development i.e. define customer needs, meet those needs through the design and
manufacture of a product, and assure the customer that the needs have been met. Collectively, these techniques are
referred to as maintainability methods. The purpose of this chapter is to provide the reader with concise descriptions of a
number of maintainability methods in the industrial, military, governmental, and academic world that are available to

product teams.


https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE JA1010-1 Revised MAY2011 Page 31 of 85

6.1 Maintainability Methods Applications

The product team needs two kinds of information to properly apply maintainability methods to the maintainable product
development. First, it needs to select the proper method from a number of available techniques, i.e. do the right things.
Having selected a particular method, the team then needs to determine the right way to perform it, i.e. do things right.
The descriptions in this Implementation Guide are designed to assist product teams with the former, i.e. selection of
proper maintainability methods to use at various points in the making of a maintainable product. Rather than providing
detailed descriptions of each method, an attempt has been made to focus only on the key aspects that determine the
relevance of a method to a particular product. This information then enables the team to identify the activities that need to
be performed at various points during product development to ensure a maintainable product. The team may then
compile a maintainability program that is in consonance with the overall product development plan

Having decided ¢n a particular set of maintainability methods for the maintainability program; the [team then needs
information on ho to use and apply them. Since, this information is available in the literature, as.well as through various
courses, seminarg, and lectures, the descriptions in Appendix C do not describe how to perform the maintainability
methods. Howevdr, a bibliography of references is provided with each description and the reader is encouraged refer to
these sources for [detailed information on the selected maintainability methods.

6.2 Format of the Method Descriptions

The information in each method description is divided into eight sections. These are:
a, Description. (The main features of the method)

b. Purpose. (Whpt the method helps in achieving)

c. Application. (The types of situations where the method is.usgally used)

d. Key Elementq. (A very brief summary of how the méthod is used, i.e., the main steps involved, fypical inputs, and
typical outputg

~

e. Benefits. (Thg value that the method adds to.the product development process)
f. Limitations. (Gautionary statements about’the method, its cost or skill levels required)
g. References. (Bibliography of sources'for more information on the method)

The content and format is similar.for each task description. This is done to ensure uniformity and to pssist the product
development teanp in selectingthe maintainability method that best suits their needs.

6.3 Criteria for Inclusion;of Maintainability Methods in this Guide

Maintainability impaets such a large number of activities, it is sometimes difficult to conclusively say| whether or not a
particular method 15 a maintainabifity method. Thus, In order 1o define the SCope of this chapter, the maintainability
methods included in this Guide were selected on the basis of the following criteria:

a. Should be a generally recognized practice in at least one industry segment i.e. not unique to a single company.
b. All methods should have a similar level of hierarchy i.e. neither too narrow nor too broad.

c. Should be generally considered as a technique that impacts maintainability.

d. Must not be proprietary to any individual or organization.

With this brief overview, you can now turn to the maintainability methods in Appendix C.
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8.1 Marginal Imliicia
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not editorial changes, have been made to the previous issue of this document. An (R) symbol te the left of the document
title indicates a c%mplete revision of the document, including technical revisions. Change bars and (R) are not used in
original publicatiofs, nor in documents that contain editorial changes only.
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APPENDIX A - GENERAL REQUIREMENTS FOR THE MAINTAINABILITY CASE (MC) STATUS REPORT
A1 INTRODUCTION

1. This appendix provides general guidance of the content of a MC Status Report. The detailed layout and depth of
contents must be decided between the Customer and Supplier before the program commences. The MC Status
Report is an executive summary of the MC, and it presents an argued claim, based on evidence and assumptions,
that the product will satisfy the maintainability requirements. The report will not actually contain all the evidence
produced, but will summarize and act as a ‘signpost’, indicating where the detailed evidence is documented.

2. The following In:lrngmlnhc nggpct some Inneeihlp hpadinge and describe the cantent for sections within the MC
Status Report. It is recognized that this structure may not be suitable for every program, but it is-irtended to provide
guidance on the type of information that should be contained within the report.

3. For complex [products, the MC Status Report may draw on and reference a hierarchy“ef lowef-level MC Status
Reports for the sub-products of which the whole product is comprised.

Section 1: Produlct Description

A succinct descrigtion which accurately reflects the product being reported on such as:
a. Part numbef/Manufacturing drawing number/part name.

b. Serial Number.

C. Revision leyel/Modification level.

d. Physical characteristics.

e. Interface bgundaries, if applicable.

Section 2: Maintainability Requirements

This should desgribe the rationale for the‘requirements and the suppliers progress towards meeting the customer’s
requirements. It should show the latest ‘estimate of the products maintainability. Changes from previous Status Reports
should be highlighted.

Section 3: Maintainability Risk Areas

The supplier shoIId identify_the risk areas associated with the product satisfying the maintainability fequirements, and
how these risks have been managed since the last status report.

Section 4: Maintainability Program Changes

Based on the risks identified, the maturity of the design and the progress the supplier is making, the supplier shall identify
the changes made to the maintainability program since the last Status Report and any intended changes in the remaining
period prior to delivery of the product.

Section 5: Maintainability Evidence
This section should summarize the evidence gathered during the program from the various maintainability activities

undertaken and included in the framework. This section should discuss the activities to be undertaken and the evidence
that will be produced and how this will be used to support the claim.
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Section 6: Maintainability Claims

Typically, the claims will be that the product will satisfy each of the maintainability requirements. This section should
provide a reasoned argument why each of the requirements will be met in service, based on the evidence and any

assumptions. All a

ssumptions should be listed explicitly.

Section 7: Limitations of Use

This section should define the boundaries on the product use, which if exceeded will mean the maintainability claim may

no longer be valid.

Section 8: Concl

This section shou
date, including
recommend whet
progress. It shoul
that the Maintaina

’-

g

Lisions and Recommendations
Id contain a summary of the conclusions developed from the Maintainability.evidend
ner the project should proceed to its next milestone or what work is required to ena

H recommend what activities need to be conducted in the future to generate the neg
bility requirements will be satisfied.

n assessment of compliance with the Maintainability requirements. In) interim

e accumulated to
issues, it should
ble the project to
essary assurance



https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE JA1010-1 Revised MAY2011

Page 35 of 85

APPENDIX B - GENERAL GUIDANCE IN PRESENTATION AND ASSESSMENT
OF THE EVIDENCE IN THE MAINTAINABILITY CASE (MC)

How to Present the Evidence

1.

5. The checklist

This section provides guidance on how to present the evidence in the MC. The evidence required to demonstrate
progressive assurance and final compliance of the maintainability requirement will depend on the nature and
development state of the equipment, and are likely to vary significantly from one program to another.

Before producing the initial MC it is essential that the objectives of all the tasks in the Maintainability Program are fully

understood,
or final complfance demonstration. The success criteria should be those by which the activity can

ressive assurance
be judged to have

been completed satisfactorily in order to progressively move towards the final maintainability requirgment. It should be
noted that nof all activities lend themselves to a quantified success criteria, and may require“qualitgtive criteria based

on the objectiyes of the activity.

The evidencel of maintainability assurance does not result from the generation of the activity res
from the implementation of actions to address the risk identified by the activity:”? Undertaking

appropriate tifne such that it is most effective in achieving the required level of assurance is very im
the evidence from the analysis consists of the documentation showing that actions have been imple
manner.

The input to the MC from an activity in the Maintainability Program can be considered to include the

Lilts only, but also
he activity at the
portant. Therefore
mented in a timely

following parts:

a. Objectiveland Success Criteria (What the activity intends to.achieve, and defining how the activity will be judged

to be sucgessful);
b. Outputs (The outputs from the activity);
c. Assumptipns (The ground rules, limitations and\guidance);
d. Evidence|(How the outputs substantiate claims in the MC);

e. Development and Maintenance of Evidence
(How will the results of the activity be maintained to reflect the latest design).

How to Assess the Adequacy of Evidence

judgment is rgquired to(evaluate the evidence presented. The checklist must not be considered as
or exhaustive] it is generic and provides guidance.

a. Arethe otPjectives for the activity clearly defined?

n this sectign.should be considered a prompt and does not imply a 'Yes’ and ‘No’ answer. Professional

being prescriptive

b. Has the activity been undertaken in a systematic manner and is it complete?
c. Has the activity been undertaken at the appropriate time?

d. Is the usage and environment of the activity that has been undertaken appropriate for
documented?

e. Has the physical and functional boundary of the activity been clearly defined?

the activity been

f.  Are any assumptions defined (e.g. inputs from other products or services), and are they realistic and reasonable?

g. s justification given for the activity method/technique used, and is it reasonable?
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h. Who was consulted during the activity, (e.g. customer, operator, maintainer, designer etc.)? Was this level of
consultation reasonable?

i. Are the activity recommendations clearly defined, and are they reasonable?
j- Does documentary evidence indicate that the recommendations have been implemented?

k. Have the activity results been progressively updated to reflect the latest design, and is this being used as an input
to design reviews.
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CA
C2
C.3
Cc4
C5

Cc7
C.8

C.10
C.11
C.12
C.13
C.14
C.15
C.16
C.17
C.18
C.19
C.20
c.21
C.22
C.23
C.24
C.25
C.26
Cc.27
C.28
C.29
C.30
C.31
C.32
C.33
C.34
C.35
C.36
C.37

CA1

C1.1

APPENDIX C - MAINTAINABILITY METHODS

Benchmarking

Data Collection/Analysis

Design for Manufacturing and Assembly
Design Reviews

Design Tools

Environmental Characterization

Error and Mistake Proofing

Failure Modes and Effects Analysis
Human Factors Analysis

Interchangeability

Lessons learned Data Base

Logistics Bupport Analysis

Maintainapility Allocations

Maintainapility Assessment
Maintainapility Demonstration
Maintainapility Design Evaluation Analysis
Maintainapility Goals and Requirements
Maintainapility Modeling

Maintainapility Predictions

Maintainapility Program Plan
Maintenamce Cost Analysis

Physical and Digital Mock-ups
Obsolescence Plans

Parts management

Quality Fynction Deployment
Reliability|Centered Maintenance

Repair Strategies

Maintena

Trade Studies
Testability/Diagnostics
Training

HardwarefSoftware Maintainability Integration
Maintenampce Task Analysis

BENCHMARKING

Descriptign

The process of analyzing and assessing contractor and competitor's performance relative to maintainability in order to
establish a required minimum level of performance for products and services.

C1.2

Purpose

The purpose is to establish the expected standards of performance for the products and services produced in a
competitive environment. The performance standards should be directed at life cycle cost, product safety and efficient
maintenance task performance.

C.1.3 Application

Benchmarking should be a continuous activity throughout the design, development and operational phase of a product. It
should be a key activity that a contractor performs and maintains for current products and future product developments.


https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE

JA1010-1 Revised MAY2011

Page 38 of 85

C.1.4 Key Elements

a.

Data collection plan

b. Analysis and evaluation capabilities to properly assess both contractor and competitor performance

C.1.5 Benefits

a.

b. Provides the

Provides a means to identify products shortcomings

nnortunitv to develon sunerior nroducts
PP Y g g g

C.1.6 Limitation
a. Cost of develd
b. Limited capab

c. Trade-offs am

v

ping, collecting and maintaining data base and reports
ilities or inexperience personnel in performing objective assessment

ong product attributes may hinder achieving established benchmark standard

C.1.7 Referencgs

MIL-HDBK-470A
Maintainability To
C2 DATA CO
C.2.1  Descriptig

The process of cg
assessment purpq

C.2.2 Purpose

Maintenance and
provide feedback
identifies problem

C.2.3 Applicatio

Data collection cq

-Designing and Developing Maintainable Products and Systems (Par 4.5, Data Colleg
blkit, Topic 2.2: Market Competition

LLECTION/ANALYSIS

>

llecting and cataloguing maintenance‘and operational data forms a historical data bas
ses.

operational data is collected and summarized in an organized reporting format. Ané
for verification of compliance with design requirements, demonstrates performance g
areas.

=}

n be ysed in all phases of a program with the major benefit in the testing and operati

data collected sh
Maintenance dat

i

uldibe’maintenance and operational information for the product that includes hardw

tion and Analysis)

e for analysis and

lyses and reports
haracteristics and

bnal phases. The
are and software.

should include scheduled and unscheduled information as well as information

on modifications,

hardware/software configurafions and upgrades and special engineering events.

Analysis of the

ata and reporting

should be directed at establishing system performance characteristics and identifying major failure trends, events
requiring excessive resources, and time consuming maintenance tasks.

C.24 Key Elements

a.

b.

Data collection plan
Hardware and software identifications/configurations
Data base and computer software

Summary report plan
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e. Technical exp

ertise for reviewing and analyzing data

f. Data collection forms
g. Data reviews and scoring of data
h.

C.2.5 Benefits

Trained technicians for data reporting

Maintenance task times, maintenance man-hours, etc.

a. Provides a mg
b. Historical datz
c. Method to der
d. Justify the cog
e. Provides the ¢
f.  Justify the cos

C.2.6 Limitation
a. Cost of develd
b. Limited by the

c. Lack of mana

C.2.7 Referencgs

MIL-HDBK-470A-
MIL-HDBK-2155—
MIL-HDBK-470A-
References)
Maintainability To
Maintainability To

C3 DESIGN

ans to identify hardware and software problems

base and summaries to improve product performance
honstrate compliance with the requirements.

t of upgrading hardware and software

ustomer with accurate and up to date performance data

t of system maintainability improvements

v

ping, collecting and maintaining data base and reports
quality of the data in the data bases

jement support to maintain data egllection process

-Designing and Develgping Maintainable Products and Systems (Par 4.5, Data Colleg
-Failure Reporting,(Analysis and Corrective Action System
-Designing and(_Developing Maintainable Products and Systems (Appendix

plkit, Topic 8.0,"Maintainability Data Collection and Analysis
blkit, Appendix F, Data Analysis Techniques

FOR'MANUFACTURING AND ASSEMBLY

tion and Analysis)

F, Maintainability

C.3.1

Description

A process of planning and organizing the logical and efficient steps for the preparation of hardware and software to be
assembled, tested and delivered to the user.

C.3.2 Purpose

The purpose is to assure that the manufacturing process and requirements do not significantly effect the maintainability of

the product in the operational environment.

The manufacturing process can impact maintainability due to process

quality/consistency and the subassembly packaging techniques required during the assembly steps in the production of

the product.
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C.3.3 Application

This process should be initiated during the concept phase and continued through the production phase. A balance
between an efficient manufacturing assembly process and cost should be made with the resultant achievement of product
maintainability. Application of digital mockups and simulations should be used to satisfy the requirements of the
manufacturing process and product maintainability.

C.3.4 Key Elements

a. Maintainability design analysis

b. Personnel fanl]iliar with Manufacturing process
c. Product elemg¢nts and interfaces

C.3.5 Benefits
a. Maintainable product, which meets design intent in the operating environment
b. Cost savings furing testing and corrective action

c. Reduce downfime to correct problems during the manufacturing process

C.3.6 Limitation

v

a. Lack of software tools for design analysis and manufacturing process

b. Correct mixture of technical experts

c. Product cost goals

C.3.7 Referencgs

MIL-HDBK-470A—+Designing and Developing Maintainable Products and Systems (Appendix F, Maintainability
References)

MIL-STD-1472—Hluman Engineering'Design Criteria for Military Systems, Equipment and Facilities

Maintainability Toolkit, Topic 1.2.7,(Manufacturing

C4 DESIGN REVIEWS

C.4.1 Descriptig

>

Design reviews afe-a‘formal and planned review of the design during the development phases of a [program. Design
reviews by technical experis are an examination of the product capabilities to meet design requirements.

C.4.2 Purpose

The design review examines all aspects of the design during established milestone of the system development. This
activity includes the systematic evaluation of the proposed hardware and software design, status of the compliance with
the requirements, review of analyses, review of the proposed verification methods and status of support resources
elements.
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C.4.3 Application

a.

Verify design compliance with requirements and goals

b. Progressive review of the design evolution during the development phases

c.
d.

C.44 KeyElem

Feedback by technical experts on problems and shortcomings of the design and support elements

Identify areas

requiring additional technical support and follow-up

nts

The key elements

a.

Schedule — A
reviews. Thdg
phases. The

Agenda — An
review should
Each review H

Operating Ru
review. The
the hardwar
feedback/com

Detail Reviey
requirements

Action Items/F
documented
corrective act

Documentatio
purposes and

C.4.5 Benefits

e.

Establishes th

Verify complis

of the design review are:

schedule for the design and development phases of a program should identify t
design review schedule is integrated with the overall master schedule for the pro
schedule should allow for preparation, conducting the review and follow-up after the re

bgenda should be developed and agreed upon with the customer for each design revi
show progress in the design development and provide for the feview and evaluation ¢
as specific purposes and these need to be identified and addressed during the review

es — Rules for the preparation, conduct and reporting{should be established in advan

ules should identify the key personnel, the technicaliexperts and the customer perso
and software. In addition, the type ,of:documentation, formats,

ments approach and action item plan should be‘established and understood by all the

/Assessments — A complete review and“assessment of the design related to f{

and goals should be conducted and resullts presented at the design review.

or corrective action. Each agtion item should be assigned to a responsible pers

on and with at an established.closure date.

n — A complete set of supporting documentation should be identified, collected and st
demonstrating design-review closure.

e level of(design maturity at each review phase

nce;with design requirements

he various design
gram and the key
view.

bws. Each design

f supporting data.

ce of each design
nnel involved with

presemtation materials,

participants.

he Maintainability

Follow-up — At the conclusion of each design review, a clear set of action items should be identified and

bn for developing

ored for reference

Identifies design changes and modifications 1o comply With requirements

Provides an u

nderstanding of the design for the customer and users

Provides for the integration of the end product design and functions

C.4.6 Limitations

a.

The number of design reviews may be limited due to impact on schedule and cost

b. The correct mix of technical experts is sometimes difficult to obtain

C.

Recommended action items may not be completed, due to budget/schedule constraints
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C.4.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.2.6, Reviews)
MIL-STD-1472—Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Maintainability Toolkit, Topic 3.5, Validate the Maintainability through Analysis and Test

C5
C.5.1

Design tools inclt

DESIGN TOOLS

Description

de software mnr‘k-upq hardware and other means used to evaluate 9nn|y7p an

assist in product

design, developm
C.5.2 Purpose

The purpose of th
developing recom

C.5.3 Applicatio

Maintainability de
interface with the

capability to sim@ilate maintenance tasks and interact with the design*using the human anthrop

capabilities and li

computer aided dgsign tools can be used for this activity.

C.54 KeyElem

a. Maintenance
b. Anthropometr
c. Operation ang
d. Maintenance
e. Software anal
f. Complete list

pertinent to pg

C.5.5 Benefits

ent and operational performance. (See C.22 for more detail on physical and digital me

e design tools is to provide a quick and economical method to identify. design limita
mendations for design improvements and efficient maintenance task performance.

-

5ign tools should be an integral part of the overall designtool set for engineering.
development activities during all phases of product/development. These tools

mitations. A number of independent commercially available software tools or embed

ents

asks simulations planned for product

¢ requirements for the planned opérating and maintenance environment
maintenance requirements

concept and/or plan

ysis and simulation,tools

of support_tesources like tools, support equipment, facilities and software mode
rforming maintenance task analysis under review.

Ck-ups).

tion and assist in

The tools should
should have the
bmetric/ergonomic
ed tools in major

s of those items

Reduces dela

Establishes the Tevel of design maturity at each review phase
Minimizes interface problems between product and supporting resources

Reduces design changes during development testing and initial operations

ys in product development and schedule delays

Efficient operations and maintenance for the customer

Provides customer confidence in maintainability of product/system design prior to qualification
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C.5.6 Limitations

a.

Lack of availability of required software design analysis tools

b. Correct mix of technical maintenance experts is sometimes difficult to obtain

C.

Lack of qualified personnel to use software

d. Lack of sufficient design concept definition.

C.5.7 Referenc

S

MIL-HDBK-470A-
MIL-STD-1472—H
MIL-HDBK-470A-
References)
Maintainability To

Cc6 ENVIRON

C.6.1 Descriptig

Environmental ch
operates. This
development of th

C.6.2 Purpose

The characterizat
guidelines. The
impacting operatig

C.6.3 Applicatio
The set of environ
designers and dj¢
requirements and
C.6.4 KeyElem

a. The environm

-Designing and Developing Maintainable Products and Systems (Para 4.2.6, Rexiews|
luman Engineering Design Criteria for Military System, Equipment and Facilities
-Designing and Developing Maintainable Products and Systems (Appendix
blkit, Topic 5.9, Design Tools

MENTAL CHARACTERIZATION

>

aracterization of a system defines the ground-rules, Objectives and requirements in
provides an environmental baseline for the design engineers and support perg
e design and support elements.

on maybe documented as requirements*in a specification or as goals and objectiveq
brimary purpose is to provide to theldesign engineer with a complete and concise
ns and maintenance during the design phase.

=}

mental characteristicstreflecting the operational and maintenance environments shol
bsign support personnel during design development. It provides guidance and
goals for the product'to meet in order to operate in the intended environments.

ents

ental eharacteristics should be documented

b. Operational a

)
F, Maintainability

which the system
onnel during the

in design criteria
list of information

Id be used by the
identifies specific

hd-maintenance environments should be clearly identified

C.6.5 Benefits

a.
cycle

b.

c.

d. Provides prod

Provides a consolidated and concise list of the environments

Provides guidance in the development of support resources

uct design which is compatible with the intended operational environment

Provides a listing of the operational and maintenance environments that the product will encounter during the life
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C.6.6 Limitations

a. The technical

information is limited by the personnel experience and customer information provided

b. Needs to be maintained and updated as required and distributed to engineering, management and the customer

C.6.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.3.1.2, Operational and Support

Environments
MIL-HDBK-470A-

)

References)
MIL-STD-1472—H
Maintainability To
Cc7 ERROR A
C.7.1  Descriptig

A process of revi
identify potential 2

C.7.2 Purpose

The purpose is t
maintenance and

C.7.3 Applicatio
This activity shoul
for the early ident
problem areas sh
C.74 Key Elem
a. Maintainability
b. Maintenance

c. Personnel wit

d. Digital mocku

—npcigning and Dp\/plnping Maintainable Products and defpmq (Apppndix

luman Engineering Design Criteria for Military System, Equipment and Facilities
blkit, Topic 5.1, Specific Considerations

ND MISTAKE PROOFING

>

bwing and analyzing the design, operating environments and«the operators/maintain
reas requiring error/mistake proofing relative to assembly and maintenance.

b identify potential problem areas requiring design to eliminate errors and mistak
operations.

-

d be integrated with the maintainability*analysis methodology during the design and d
fication and correction of potential(problems. Continuous review, identification and c¢
buld progress through the production phase and follow up in the user environment.
ents

design analysis

blan and operations plan

N maintenance and operations experience

bs andvSimulations

Maintainability

ers capabilities to

s during product

bvelopment phase
rrective action for

C.7.5 Benefits
a.
b. Provides for p

C.

Fewer product maintenance induced errors

roduct life cycle cost savings and minimizing maintenance

Reduce downtime and maintenance resources

C.7.6 Limitations

a.

Cost of error proofing the design and product minimized if incorporated early in the design process

b. Limited capabilities and experience of personnel performing analysis
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C.7.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.3.1.9, Safety and Induced

Failures)

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix C, Design Guidelines)
MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix F, Maintainability

References)

MIL-STD-1472—Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Maintainability Toolkit, Topic 5.7, Safety and Induced Failures

C8 FAILURE

MODES AND EFFECTS ANALYSIS

C.8.1 Descriptig

The Failure Mode]
on the system p¢g
identified failure
C.8.2 Purpose

The FMEA identi
operation. The ¢
isolated and teste
C.8.3 Applicatio

This activity is co

fault detection andl isolation capabilities. The analysis provides the documentation and status of the fay

design reviews an

C.84 KeyElem

a. System descr
b. Definition of tk
c. Feedbacktot
d. Software prog
e. Key maintena

C.8.5 Benefits

Ies potential failures that require the customer maintenanc¢e team to repair and ret

>

5 and Effects Analysis (FMEA) is an assessment used to identify potentialfailure mo
rformance. The analysis should identify actions to eliminate or mitigate the risks as
ode.

taloguing of the failures is a systematic approach to provide assurance that a failurg
4 after maintenance.

-

hducted during the design phase and the analysis is provided to the design team fqg
d during design verification activities.

ents

ption, design details and drawings

e hardware and software-elements

he software engineers and design engineers
ram to automate the analysis task

hce related inputs are required

Hes and the effect
tsociated with the

rn the system to
can be detected,

r consideration of
It coverage at the

Problems can

Provides a listing of the possible failure and probability of occurrence

Provides information for developing a fault detection and isolation plan

be addressed during the design phase

Can be down to piece parts or developed as functional analysis
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C.8.6 Limitations

a. Time consumi

ng analysis

b. Generally is performed late in the design development process and has little impact on the design

C.

Dependent on correct identification of failure modes

C.8.7 References

MIL-HDBK-470A~

ilure Modes and

Effects Analys
MIL-STD-1629—H
Maintainability To
Maintainability To

SAE ARP 5580—
C.9 HUMAN H
C.9.1 Descriptig

The Human Factd
maintainer in variq

C.9.2 Purpose

The human factor
identifies deficien
product. Inputs a
end user.

C.9.3 Applicatio

Human factor an
software into serv

C.94 KeyElem

_ﬂncigning and nn\/nlnping Maintainable Products and defnmc (Dnr 44133 F
is)

Procedures for Performing a Failure Mode, Effects and Criticality Analysis

blkit, Topic 5.5, Testability and Diagnostics

blkit, Topic 6.2, Commonly Used Maintainability Analyses

Recommended Failure Modes and Effects (FMEA) Practices for Non-Automobile Appl

ACTORS ANALYSIS

>

r analysis is an evaluation and review of a design to assure consideration for the hu
us environments and operating conditions.

analysis is a systematic review, evaluation-and analysis of the design during the deve
designs that impact human performance~and safety during the operation and m
hd recommendations from technical experts are considered and incorporated to impr

=}

ce. This analysis has @ major impact on design improvements during the early stages
ents
erts with human factors operating and maintenance experience

5 andphysical mockups, i.e., tools, support equipment, etc., to interact with design
d desigh tools

cations

man operator and

lopment phase. It
pintenance of the
bve design for the

blysis should be conducted from the conceptual phase to the initial induction of f{he hardware and

of a design.

engineering and

a. Technical exp

b. Software tool
computer aide

c. Operational a

d.

e.

f.

Nd maintenance plans

Operating environments
Personnel skill levels and training

Anthropometrics requirements
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C.9.5 Benefits

a.

b.

C.

Improves operating efficiencies and safety for the customer
Improves the maintenance and reduces the downtime of the hardware and software

Reduce customer operating and life cycle cost

d. Minimize impact on design changes

C.9.6 Limitation

o

a. Limited by the

b. Limited use in

C.9.7 Referencgs

MIL-HDBK-470A-

Analysis)
MIL-HDBK-470A-
MIL-HDBK-470A-

References)
MIL-STD-1472—H
MIL-HDBK-759—
DEF STAN 00-25
Maintainability To
Maintainability To

C.10 INTERCH
C.10.1 Descriptig
The ability of the g
C.10.2 Purpose
The purpose is to

C.10.3 Applicatio

This capability is

level of expertise of the reviewers

design development due to the lack of sufficient resources

-Designing and Developing Maintainable Products and Systems (Par 4.4.1.3.5

-Designing and Developing Maintainable Products and Systéms (Appendix C, Design
-Designing and Developing Maintainable Products/,and Systems (Appendix

Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Human Engineering Design for Military Materiel

— Human Factors for Designers of Equipment

blkit, Topic 3.4, Design for the Desired Levelef-Maintainability

blkit, Topic 6.2, Commonly Used Maintainability Analysis

ANGEABILITY

>

roduct to be replaced with.similar items and not affecting the performance of the end |

=}

applied to products or components in systems that have a long life expect

replacements, upq;rades and modification are planned at intervals during the life cycle.

provide for the replacements, modifications and upgrades during the product life cycle|

Human Factors

Guidelines)
F, Maintainability

product.

ancy and known

C.10.4 Key Elements

a.
b.
c. Future growth
d. Commercial p
e.
f.  Supplier repla

Performance characteristics

Form and fit requirements

requirements

roducts enhancements

Obsolesce plan/parts management plan

cement products development plans
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C.10.5 Benefits

a. Minimizes impact on design changes

b. Reduced logistics costs

c. Facilitates improvements to product/system performance

C.10.6 Limitations

a. Special/uniqu

b. Lack of awargness of commercial supplier’s product design plans, i.e., parts management plan,_ etc.

desianed nroducts
) g

c. Inherent design limitations

C.10.7 Referencgs

MIL-HDBK-470A—--Designing and Developing Maintainable Products and Systems)(Par 4.3.1.10, St

Interchangeability)

MIL-HDBK-470A—-Designing and Developing Maintainable Products and, Systems (Appendix

References)

C.11  LESSON$ LEARNED DATA BASE

C.11.1 Descriptig

>

A database contajning operations and maintenance lessons learned about products under developme
use by customers|and those learned from similar products;throughout their life cycle.

C.11.2 Purpose

Provides a histori¢al database of information.to.be used for the development of preferred designs and
for the improvement of product designs and/support resources.
problems are not|repeated and enhancements for design improvements are incorporated in the currg

and development effort.

C.11.3 Applicatio]

=}

This activity should be a cantinuous product development activity and integrated with a feedback syst

Lessons learned are important refgq

andardization and

F, Maintainability

nt and currently in

recommendations
rences to ensure
nt product design

and operators of the products. The database should be accessible and easily interrogated for infor
learned (e.g., seafchable’by type of product, type of problem and solution, etc.). Periodic reviews shoyld be made of the
database to verify the'‘information is correct, up-to-date and applicable for the contractor products. A|[system to identify

m from the users
tion and lessons

benefits and cost savings should be an integral part of the system 1o demonstraie it usefuiness in product development.

C.11.4 Key Elements

a. Data base plan

b. Participant awareness and training on the importance of this activity

c. Feedback process for benefits and cost savings

o

Reliable data sources


https://saenorm.com/api/?name=879496a313f24282f8da11f3ccc6f1fb

SAE

JA1010-1 Revised MAY2011

Page 49 of 85

C.11.5 Benefits

a.

Eliminates problems that have been encountered in previous designs

b. Product enhancements and better product acceptance by customers

C.

d. Excellent tool

C.11.6 Limitation

Can be used to develop design review checklists

for developing maintainability design requirements

o

a. Time consum
b. Only as good

c. Sometimes di

C.11.7 Referencgs

MIL-HDBK-470A-
Maintainability To

C.12 LOGISTI

C.12.1 Descriptig

The Logistics Sup
in the various ope

C.12.2 Purpose

The Logistics Su
phase. It identifi
product. Inputs a
for the end user.

C.12.3 Applicatio
Logistics support

software into seryj
systematic analyg

ng to maintain database
as data in database

ficult to get engineering and support personnel to review and use data

-Designing and Developing Maintainable Products and Systems (Par 4.5, Data Colleg
plkit, Topic 8.1, Types and Sources of Data

S SUPPORT ANALYSIS

>

port Analysis is an evaluation and review\of'a design to assure consideration for the |
rational environments and operating copditions.

bport Analysis is a systematic'review, evaluation and analysis of the design during
bs deficient designs that ‘impact logistics performance during the operation and m
nd recommendations_ffem technical experts are considered and incorporated to imprg

=}

pnalysis.should be conducted from the conceptual phase to the initial introduction of
ce. Fhis analysis has a major impact on design improvements during the early stag
is, dosmentation and recommendation effort should be used for this activity. Thg

analysis applies

tion and Analysis)

ogistical elements

the development
aintenance of the
ve product design

the hardware and
es of a design. A
b logistics support

o-the integration of support resources like support equipment, tools and facilities

with the primary

objective directed

at improving operational and maintenance efficiencies. Indusiry and government practice is to tailor the
analysis to the specific needs of the project.

C.12.4 Key Elements

a. Technical exp

b.

erts with logistics experience

computer aided design tools

Operational and maintenance plans

Software tools and physical mock-ups, i.e., tools, support equipment, etc., to interact with design engineering and
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d. Operating environments

e. Personnel skill levels and training

f. Product performance requirements

C.12.5 Benefits

Improves operating efficiencies and safety for the customer

a.
b. Improves the
c. Reduce custo
d. Minimize imp4g

C.12.6 Limitation

a. Limited by the
b. Limited use in
c. Logistics supp
d.

mMaintenance and reduces-the downtime of the prnrhmf

mer operating and life cycle cost

ct on design changes

v

level of expertise of the reviewers
design development due to the lack of sufficient resources

ort analysis cost may limit the depth of the effort

Timely execufion of the analysis task is required to have an impact on the design

C.12.7 Referencgs

MIL-HDBK-470A-
Test)
MIL-HDBK-470A-
References)
MIL-HDBK-502—
MIL-PRF-49506—
Maintainability To
DEF STAN 00-60

C.13  MAINTAIN

C.13.1 Descriptig

The maintainabilit

-Designing and Developing Maintainable’ Products and Systems (Par 4.4, Maintainal
-Designing and Developing Maintainable Products and Systems (Appendix
A\cquisition Logistics

Logistics Management Infermation Performance Specification

blkit, Topic 1.2.5, Logistics and Support

—Integrated Logistics 'Support (Part 0 through Part 3)

NABILITY ALLOCATIONS

>

y allecation process is the systematic apportionment of the system level quantitat

requirements to Io

ility Analyses and

F, Maintainability

ve maintainability

wenlevel components of the system.

C.13.2 Purpose

The maintainability allocations consist of quantitative requirements that are intended for use during the design process.
These requirements form the basis for the design and provide guidance and objectives to meet the system level

requirements.

C.13.3 Applicatio

n

Maintainability allocations are identified and documented during the conceptual and early design phases of a program.
The allocated requirements and goals are documented in specifications, design requirements documents and reports.

Design and support personnel use this information as guidance during design development.

compliance is reported during design reviews, evaluations, predictions and analyses.

Status of requirements
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C.13.4 Key Elements

a.

b.

C.

C.13.5 Benefits

Quantitative requirements and goals
Conceptual design

Operational and maintenance concepts

a. Provides for

b. Provides desi
c. Provides orga
d. Provides elen

C.13.6 Limitation
a. Accomplished
b. Limited by the

c. Cost may limi

svystematic flow down of reauirements
4 <

jn requirements and goals
nized approach and plan for the design

ents used in design trade off studies

v

when little design detail are available, therefore frequent updates are required as des
design details available during the conceptual and eatly design phase

the benefit derived

C.13.7 Referencgs

MIL-HDBK-470A-
Allocations)
MIL-HDBK-470A-
MIL-STD-1472—H
Maintainability To
Maintainability To

C.14  MAINTAIN

C.14.1 Descriptig

Maintainability as
development prog

-Designing and Developing Maintainable Products and Systems (Par 4.4.1.6

-Designing and Developing Maintainable Products and Systems (Appendix D, Predict
Human Engineering Design Criteria for Military Systems, Equipment and Facilities
blkit, Topic 3.1, Understand.the’Customer’s Maintainability Needs

blkit, Topic 6.5, Predictions;-Allocations and Assessments

NABILITY ASSESSMENT

>

bessments_provide the periodic status of the design adequacy during the various sf
ess.

gn progresses

2, Maintainability

ons)

ages of a system

C.14.2 Purpose

The primary purpose of assessments is to evaluate the design against requirements and goals, identify deficiencies and
define enhancements to improve the design for supportability and life cycle considerations.

C.14.3 Applicatio

n

Assessments are accomplished at intervals during design development to assure the design meets the intended

operating and maintenance requirements and goals.

group with key contractor and customer technical personnel.

This effort is usually conducted within the design product team
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C.14.4 Key Elements

Current design and supporting information

chnical support personnel

Planned approach and corrective action feedback

Design requirements and goals

a.
b. Design and te
c.
d.
e. Mock up, prot

C.14.5 Benefits

a. ldentifies defi
b. Reduces cost
c. Provides the ¢

C.14.6 Limitation
a. Limited by the

b. Program time

otvne and maodels
Pl

ient designs early in the development phase
y redesigns

esign team with recommended solutions to problems

v

technical expertise of the evaluators

phase constraints may limit review

C.14.7 Referencgs

MIL-HDBK-470A-

Assessments
MIL-HDBK-470A-

Analysis)
MIL-HDBK-470A-
MIL-HDBK-470A-

References)
MIL-STD-1472—H
Maintainability To
Maintainability To

C.15  MAINTAIN

C.15.1 Descriptig

-Designing and Developing Maintainable Products and Systems (Par 4.4.1.6
-Designing and Developing Maintainable Products and Systems (Para 4.5, Da

-Designing and Developing*Maintainable Products and Systems (Appendix D, Predict
-Designing and Developing Maintainable Products and Systems (Appendix

Human Engineering/Design Criteria for Military Systems, Equipment and Facilities
plkit, Topic 3.5, Validate the Maintainability through Analysis and Test
blkit, Topic 6.5, Rredictions, Allocations and Assessments

NABILITY(DEMONSTRATION

>

3, Maintainability
a Collection and

ons)
F, Maintainability

Maintainability demonstration is a formal method 10 assess the maintainability of a product prior to the acceptance by the

customer and use

C.15.2 Purpose

r of the product.

Maintainability demonstration is the activity used to verify compliance with the maintainability design requirements through
a planned and structured test using personnel and resources in the operation environment.

C.15.3 Applicatio

n

This is a formal test activity that is conducted with a documented plan, procedures and final report. The demonstration
test reflects the operational environment, uses the maintenance resource planned for the system and is formally
conducted using customer maintenance personnel. The demonstration test is used to demonstrate compliance with the
design requirements, maintenance plan and maintenance resources.
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C.15.4 Key Elements

A demonstration plan describing the approach should be included in the Maintainability Program Plan

A formal demonstration plan should be developed, coordinated and approved prior to conducting the demonstration

The demonstration test procedures should be completed and fault symptoms verified before the formal demonstration

a.
b.

test
C.

test
d. Needs to be
e. Appropriate s
f. Aformal dem

C.15.5 Benefits

Provides the {
and environm

a.

b. Demonstrates

c. ldentifies proh

C.15.6 Limitation

a. Generally do€g
b. Demonstratio
c. Requires ded

C.15.7 Referencgs

MIL-HDBK-470A-
MIL-HDBK-470A-

Methods)
MIL-HDBK-470A-

References)
MIL-STD-1472—H
Maintainability To

mnorted by the customer with nersonnel and resources.
Ll J L

stem hardware or mock-up simulation

bnstration report should be prepared with the results of the demonstration test

tatus on maintainability design requirements compliance and compatibility with the of
ents

the ability of the maintenance resources to support the system

lem areas requiring corrective action

v

s not reflect the true operating environment ‘and resources
N test activities require a lot of preparation time and resources

cated system hardware for spgecified time period or use of realistic mockup

-Designing and Developing Maintainable Products and Systems (Par 4.4.2, Test)
-Designing and Deyeloping Maintainable Products and Systems (Appendix B, Test a

-Designing{and Developing Maintainable Products and Systems (Appendix

Human Engineering Design Criteria for Military Systems, Equipment and Facilities
plkit;-T'epic 3.5, Validate the Maintainability through Analysis and Test

erating resources

nd Demonstration

F, Maintainability

Maintainability To

blkity ‘Appendix G, Maintainability Demonstration and Test

C.16

MAINTAINABILITY DESIGN EVALUATION ANALYSIS

C.16.1 Description

Design evaluation analysis evaluates the integration of maintainability design requirements and criteria into the system
and support equipment design.

C.16.2 Purpose

The purpose is to identify deficiencies in the design that impact operations and maintenance in the operating

environment.
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C.16.3 Application

The design evaluation should be a continuous activity throughout the design, testing and initial operational periods. The
analysis should document design deficiencies based on the operational and maintenance requirements, personnel
interfaces and operating environments. The analysis should address the scheduled and unscheduled maintenance tasks
to be performed on the system during the life cycle and provide design recommendations to achieve requirements/goals.

C.16.4 Key Elements

a. Operations and maintenance environments

b. Maintenance
c. Maintenance
d. Training and s
e. Technician ex
f. Maintenance
C.16.5 Benefits
a. Provides the g

b. Establishes th

o

Identify issueq

asks identified
esources

kill levels identified
perience

concept defined

esigners with information and suggestions on needed improvements to the system su
e support resources for the system

to improve the system design

d. Product integfation to benefit the maintainer

C.16.6 Limitation
a. Lack of exper
b. Inadequacy o

c. Program prior

v

ence of the evaluators wijth-the actual operations and maintenance activities
analysis tools to perform proper evaluations

ties may limit.incorporation of recommended design changes

C.16.7 Referencgs

MIL-HDBK-470A

-Designing and Developing Maintainable Products and Systems (Par 4.4.1.3.2, Mai

Evaluations)

pportability

ntainability Design

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix

References)

MIL-STD-1472—Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Maintainability Toolkit, Topic 6.2, Commonly Used Maintainability Analyses

C.17  MAINTAINABILITY GOALS AND REQUIREMENTS

C.17.1 Description

Maintainability

Goals and requirements define the maintainability objectives to be met by the design during operations and maintenance
in the stated environments and with the proposed support resources.
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C.17.2 Purpose

Goals and requirements provide the design team and the supporting specialty engineering elements with the design
characteristics to meet the operational and maintenance objectives and environmental conditions.

C.17.3 Application
Documentation should be prepared containing the goals and requirements and made available to all the members of the

design team, customers and management. The specific goals and requirements should be kept up to date and referred
to during design reviews and assessments.

C.17.4 Key Elemgnts

a. Operational ahd maintenance concepts

b. Environmentd considerations

c. Operator and maintainer skill level and training
d. Quantitative r¢quirements

e. Qualitative requirements

f. Tool standardjzation and commonality

g. Built-in test cgncept and plan

C.17.5 Benefits
a. Provides the designers and design team with designh ‘goals that enhance the operations and mainterfance
b. Provides the gustomer with the confidence that the system design meets their operational requiremgnts
c. Provides information and data for design-personnel and support personnel

C.17.6 Limitation

v

a. Developing and maintaining.data base
b. Lack of experlence personnel to develop goals and requirements

c. Inadequate cystomer/supplier dialogue

C.17.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.3, Design for Maintainability)

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix C, Design Guidelines)

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix F, Maintainability
References)

MIL-STD-1472—Human Engineering Design Criteria for Military Systems, Equipment and Facilities

Maintainability Toolkit, Topic 3.1, Understand the Customer’s Maintainability Needs
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C.18 MAINTAINABILITY MODELING

C.18.1 Description

A maintainability model defines the hierarchy of the designs for allocation and prediction tasks during the early design
phase. The model should be maintained and updated during the design and testing phases and can be used to

monitor/trend product maintainability in the field.

C.18.2 Purpose

The models estahlish the nqnipmnnf levels and the indenture levels for the mathematical relationshi required for the
allocation and prefliction processes. A maintainability model is generally required for prediction processgs.

C.18.3 Applicatio

=}

Maintainability mqdeling is performed as a preliminary task for the allocation and prediction tasks. The maintainability
model is required ffor the requirements allocation task, prediction task and demonstration test task.

C.18.4 Key Elempgnts

a. System indenijure levels

b. Product hierafchy outline

c. Quantitative r¢quirements

d. Verification of|data used in models
C.18.5 Benefits
a. Provides a syg$tematic breakdown of the system

b. Provides an ojerview of the maintenance‘concept and plan
c. Provides an illustrated grouping of the equipment

C.18.6 Limitation

v

a. Model updatep are required

b. Resources forf continual' updates

c. Model output pnly as good as data input

C.18.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.4.1.4, Quantitative Measures of
Maintainability)

MIL-HDBK—470A-Designing and Developing Maintainable Products and Systems (Appendix D, Predictions)

MIL-HDBK—470A-Designing and Developing Maintainable Products and Systems (Appendix F, Maintainability
References)

Maintainability Toolkit, Topic 3.1, Understand the Customer’s Maintainability Needs

Maintainability Toolkit, Topic 6.3, Quantitative Measures of Maintainability
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C.19 MAINTAINABILITY PREDICTIONS
C.19.1 Description

Maintainability predictions are estimates of the design performance from the quantitative and qualitative maintainability
perspective.

C.19.2 Purpose
Maintainability predictions provide an estimate of the maintainability characteristics during the design phase. The

predictions are used_to _assure r\nmplinnr\n with dneign rnqnirnmnnfc and ir{nnfify thrf{‘nmingc in_the design_ The
predictions are kel in developing a design that meets the requirements in a cost-effective manner.

C.19.3 Applicatio

=}

Maintainability prgdictions are updated on a continuous basis during the design phase in erder to provigle the quantitative
requirements statps to the design team. The early phase of a design may not permit accurate predictions and accuracy
of the results depgnds on task time data and the experience of the maintainability engineer. As the design matures, the
accuracy improvep as the details of each maintenance task is defined and analyzed. The predictions ghould be reported
and discussed at each design review. Formal predictions, in many cases, are used to demonstrate cgmpliance with the
quantitative desigh requirements.

C.19.4 Key Elempgnts

a. Maintenance goncept and plan

b. Specification free defining system elements and assembly-process

c. Definition of system design and installation

d. Experienced personnel with a maintenance bagkground

e. Maintenance fesources and environmentaliinformation

f. Prediction soyrces data, i.e., Maintainability, cost, task time measurements/data, etc.
C.19.5 Benefits

a. Provides up t¢ date status.on quantitative requirements compliance

b. Useful in any fequired.reallocation process as design progresses

c. Provides founfdations for the training requirements and publication content

d. Identifies the skill levels, personnel requirement and maintenance resources required
C.19.6 Limitations

a. Accuracy maybe limited in the early design phases

b. Accuracy limited by the experience of personnel and task time accuracy

c. Needs to be updated continuously to be an effective tool for the design team
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C.19.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.4.1.6.1.1, Maintainability

Predictions)

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix D, Predictions)
MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix F, Maintainability

References)

MIL-STD-1472—Human Engineering Design Criteria for Military Systems, Equipment and Facilities
Maintainability Toolkit, Topic 6.5, Predictions, Allocations and Assessments
SAE JA1000-1- Reliability Program Standard Implementation Guide

C.20 MAINTAIN
C.20.1 Descriptig

A management p
customer/supplier

resources and defining the schedules. The plan interfaces with other program management plans.

C.20.2 Purpose

NABILITY PROGRAM PLAN

>

an describing the maintainability tasks, providing the scope of the tasks, documen
dialogue and agreements, identifying the functional interfaces and responsibilitieg

ting the results of
for maintenance

The program plan tailors planned activities to customer needs and ‘provides an organized approach for the

implementation o
program personng
has a description

C.20.3 Applicatio

The program plan
of a design progrg

C.20.4 Key Elem

the Maintainability Program and how it relates toother program functions. The
|, suppliers and customers with an overview of thé implementation of the maintaing
bf supporting tasks, schedules, management organization and deliverable documents,

=}

should be a part of the proposed management plan for the program and should be ay
m.

ents

of maintainability program.tasks and responsibilities

bring of the program-tasks as they apply to a program
structure, key personnel and technical interfaces

dules fortask performance and documentation preparation

scription of the quantitative and qualitative requirements and goals

plan provides the
bility activities. It

ailable at the start

a. Provides a list
b. Describes tail
c. Management
d. Provides schg
e. Provides ade
f. Provides mea

C.20.5 Benefits

a.

S 10 verlity level oT maintainabllity achieved

Demonstrates a understanding and approach for developing maintainable products/systems

b. Provides a planned approach for the execution of the program

C.

Demonstrates to the customer a commitment to provide maintainable products
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C.20.6 Limitations

a.

during the course of a program

C.20.7 References

The plan generally reflects the understanding of the planned program and is sometimes not required to be updated

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.2, Management Approach)
MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Appendix E, Phasing of
Maintainability Elements)

MIL-HDBK-470A—

Designing and Developing Maintainable Products and Systems (Appendix

References)
DEF STAN 00-40
Maintainability To
Maintainability To
SAE JA1000 — R¢g
SAE JA1010—M3

C.21  MAINTEN

C.21.1 Descriptig

The process of
maintenance plan

C.21.2 Purpose

A systematic anal
satisfies the perfo

C.21.3 Applicatio

Maintenance cos
database of cost f
fuel, power and o
concepts. Mainte

C.21.4 Key Elem

— Reliability and Maintainability (Part 1)

blkit, Topic 3.0, Structuring a Maintainability Program
blkit, Appendix D, Section B, Program Requirements
liability Program Standard

intainability Program Standard

ANCE COST ANALYSIS

>

collecting, analyzing and summarizing cost data for- trade studies and establi
5 for products and customers.

ysis to identify and select a maintenance concept and plan that reflects the minimum
'mance requirements for the products and customers.

-

s are identified and documented during the conceptual and early design phases
actors like labor cost per haur, facilities cost, support resources cost as well as operau
ther cost elements sheuld be maintained with the latest information available for va
nance cost analysis-is\primarily used during the development and design phases.
ents

Cost requifements and goals

nd software tools including maintainability math model

a. Maintenance

b. Cost models §
c. Conceptual d

d.

e.

C.21.5 Benefits

a. Provides for a

sigmaefinition

Maintenance resources identified

Operational and maintenance concepts and plans

systematic cost profile development

b. Provides allocated cost requirements and goals as well as predictions versus requirements

c. Provides orga

nized cost approach and plan for the design

Maintainability

5hing  economical

life cycle cost and

of a program. A
ion cost related to
ious maintenance
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d. Provides cost elements used in design trade studies
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C.21.6 Limitations

a.

Limited by availability and accuracy of cost details and historical backup data

b. Limited by the design details available during the conceptual and early design phase

C.21.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 2.2, Effects of Maintainability on
Operations and Cost)

Maintainability To

C.22 PHYSICA

C.22.1 Descriptig

Physical and digi
requirements and

C.22.2 Purpose

The purpose is t
design that impa
action.

C.22.3 Applicatio
Digital and physi

periods. The mo
requirements, pe

kit Tnpir‘ 24 |ife (‘yr‘lp Caost and Affnrdnhility

L AND DIGITAL MOCK-UPS

>

fal mock-ups are design evaluation tools used to assure the incorporation of mai
criteria into the system and support equipment designs.

b validate achievement of maintainability design requirements/goals and identify g
Ct operations and maintenance in the operating environment and provide recomn

=}

cal mock-ups should be a continuous activity throughout the design, testing and
ck-up reviews should document design deficiencies based on the operational
'sonnel interfaces and operating environments. The analysis should address th

unscheduled maintenance tasks to be performed of)the system during the life cycle. Maintenance ta

used to detect des
design team envi
quickly and which

C.22.4 Key Elem

ign deficiencies and provide recommendation for corrective action. Mock-up reviews
ronment so that various prepesals and recommendations can be evaluated and so
have concurrence of the design team.

ents

d maintenance\environments

d maintenance concepts/plans

asks

ntainability design

eficiencies in the
hended corrective

initial operational
and maintenance
e scheduled and
5k simulations are
are beneficial in a
lutions developed

esources

a. Operations ar

b. Operations ar

c. Maintenance

d. Maintenance

e. Training and skill levels
f.

Technician expertise

Human factors design criteria and digital human models for use with digital mock-ups
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C.22.5 Benefits
a. Provides information and suggestion on the improvements of the product design and supportability factors

b. Establishes the support resources for the system

134

Digital media allows for concurrent engineering and early influence on design

d. Product maintenance enhancement to benefit the maintainer

e. Ear|y verification-that mainfninahilify =Yel |irnmnnfc/gn9|e are hoing met

C.22.6 Limitation

v

a. Lack of experfise of the evaluators with the actual operations and maintenance activities

b. Inadequate analysis tools to perform proper evaluations

c. Program priorjties may limit incorporation of recommended design changes

d. For physical mockups, degree of completeness can limit the usefulness ofthis activity

e. Degree of completeness and timeliness of update can limit the usefdlness of this activity

C.22.7 Referencgs

MIL-HDBK-470A—--Designing and Developing Maintainable Products and Systems (Par 4.3.2.2, Mock-ups)

MIL-HDBK-470A—+Designing and Developing Maintainableé Products and Systems (Appendix F, Maintainability
References)

MIL-STD-1472—Hluman Engineering Design Criteria for Military Systems, Equipment and Facilities

Maintainability Toglkit, Topic 3.5, Validate the Maintainability through Analysis and Test

Maintainability Toglkit, Topic 5.9, Design Tools

C.23 OBSOLEPCENCE PLANS

>

C.23.1 Descriptig

Obsolescence plans provide .a\\planned approach to address the systems upgrades and sustainability due the
unavailability of parts and equipment during a products life cycle.

C.23.2 Purpose

Goals and requirdments provide the design team and the support elements with the design characterisfics and interfaces
to ensure sustainability of the product during the Tife cycle with product upgrades. The plan defines the design objectives
to be met by the product during operations and maintenance in the stated environments and with the proposed support
resources. The purpose is to plan for product upgrades and parts obsolescence in a manner that maintains and enhances
performance without incurring an unreasonable cost.

C.23.3 Application

Documentation should be prepared containing the goals and requirements and made available to all the members of the
design team, customers and management. The specific elements should be kept up to date and referred to during design
reviews and assessments. It is important to have suppliers involved in this process since they have the knowledge of
their product obsolescence, upgrades and future manufacturing plans. Examples of planned/expected obsolescence
include high-tech hardware, which have increasingly short life cycles and computing hardware and associated software.
This type of software is usually continuously updated to adapt to ever-changing missions.
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C.23.4 Key Elements

a.

b.

Operational and maintenance concepts/plans
Supplier product support plans
Operational life cycle plan for the product

Supplier maintenance and repair support plan

Spare parts p
Customer acq
C.23.5 Benefits

a. Provides the g
b. Provides the ¢
c. Provides infor
C.23.6 Limitation
a. Capability to g
b. Lack of perso

c. Inadequate cu

an and narts availability
g Y

uisition and sustainability plans for products

esigners and design team with design goals that enhance product sustainability and g
ustomer with the confidence that the system design meets their life’cycle plans

mation and data for design personnel and support personnel

v

evelop realistic plan and adequately forecasting events
nnel experience to develop goals and requirements

stomer/supplier dialogue

C.23.7 Referencgs

MIL-HDBK-470A-
Interchangeal
Maintainability To

C.24 PARTSM
C.24.1 Descriptig

Establish progran
parts suppliers.

-Designing and Developipg.Maintainable Products and Systems (Par 4.3.1.10, St
ility)
blkit, Topic 1.2.5, Logistics and Support

ANAGEMENT

>

guidelines for the selection, approval and procurement of component parts, and th

vailability

andardization and

e management of

C.24.2 Purpose

To promote the use of known quality and readily procurable component parts that meet performance and durability

requirements in a

C.24.3 Applicatio

cost-effective manner.

n

Parts management should be a continuous activity throughout the design, development, and operational usage phases of
It is critical that parts management principles be applied, not only during the initial parts selection
process, but whenever an alternative part is considered at any stage of the product’s life, reasons for which could include
replacement due to parts obsolescence and second source.

a product’s life.
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C.24.4 Key Elements

a.

b.

=

Part standardization plan

Parts management plan for development and procurement milestones

Effective communications between parts management and other engineering disciplines

Part selection

criteria

Part approval
Part usage pg

Part qualificat|

nrocess.
p
licies

on requirements

Part supplier nanagement plan and evaluation criteria

C.24.5 Benefits

a.

b.

C.

Decreased maintenance requirements due to increased product reliability

Increased life

Promotes utili

C.24.6 Limitation

a.

Frequently, p
replacement

Failure to flov
and durability

cycle affordability, availability and sustainability

yation of common parts for similar application resulting in an overall reduction in parts

v

brts management principles are overlooked (usually in favor of cost and ease of p
arts are selected for components already found out in the field or market place

down parts management regquirements to suppliers can result in components of qU

Lack of awafeness of some partstumanagement program elements on the part of the design

procurement

ommunities may result in failure to implement best design practices

C.24.7 Referencgs

MIL-HDBK-470A-

Interchangeal

Maintainability To

-Designing/and Developing Maintainable Products and Systems (Par 4.3.1.10, St
ility)
lkit;>Topic 1.2.5, Logistics and Support

nventories

ocurement) when

estionable quality

engineering and

andardization and

C.25 QUALITY

FUNCTION DEPLOYMENT

C.25.1 Description

Quality Function Deployment (QFD) is a structured, comprehensive planning process that incorporates the voice of the
customer (VOC) into product design and development. QFD is based on a series of matrices that are used to document,
correlate, communicate, and track the customer requirements throughout the organization. The QFD planning matrix is
called the “House of Quality” because of its shape.

C.25.2 Purpose

QFD is intended to assure that customer requirements and expectations are met by incorporating the voice of the
customer (VOC) into product design and development.
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C.25.3 Application

a. As a part of business and market analysis to determine which products to develop
b. To help clarify customer requirements

c. Forincremental design improvement on next generation designs

d. To get the team to focus on the critical few; the key priorities of the customer

C.25.4 Key Elemgnts

In traditional QFD| there are four phases in which the voice of the customer is deployed: (1), Product-Planning (translating
customer requirernents into products characteristics); (2), Part Deployment (translating produet charagteristics into parts
characteristics); (B), Process Planning; and (4), Process Control. The steps for a product planning QFD (frequently
considered the mgst important ones) include:

a. ldentify customer wants and needs (WHATS).
EXAMPLE - Maintainable design.

b. Rank the impgrtance of the customer needs (often relative to the importange of a competitive produg

—
~

c. Define satisfagtion measures (HOWSs) for each need.
EXAMPLE—Reduce parts, high quality parts.
Determine crifical areas for project focus by mapping HOWs to \WWHATSs.

d. Setting design targets to meet the customer needs.
EXAMPLE—Maintenance times, ease of maintenance, expected durability of life-limited items. The [priority of meeting
the quality characteristics is related to the highest priority of the customers and, therefore, will deliver the highest
value to the clistomers.

There are many t¢chniques that may be used to gather input for the QFD like analysis of written requirgments, marketing
data, surveys, stryctured interviews, and group:discussions.

C.25.5 Benefits

When used by a gross functional team; QFD can result in the following benefits:

a. Greater undefstanding ofdhe customer needs

b. Focused effort - products or service priorities are known by all

c. Fewer and eaflienchanges in design

d. Increased teamwork and better communication between departments

e. Lower start-up cost

C.25.6 Limitations

a. Usually requires a facilitator to be effective.

b. The scope of the QFD method is overwhelming to many new practitioners.

c. Developing the 'House of Quality' can require a larger effort than some teams can commit to.
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C.25.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 3.1, Understand the Customer’s
Mair:\‘::i?](;i)ility Toolkit, Topic 2.1. Customer Expectations

Maintainability Toolkit, Appendix B: Quality Function Deployment

C.26 RELIABILITY CENTERED MAINTENANCE

C.26.1 Description

Reliability Centerged Maintenance (RCM) is a systematic analysis of the corrective and preventive maintenance activities
for a product and gstablishes a preventive maintenance plan that meets operating cost goal and produc{ availability.

C.26.2 Purpose

A preventive mairftenance plan is developed providing an economical and efficient repair and replacement approach for a
product based onfan analysis of the product reliability, failures, operating environments ‘ahd product usage.

C.26.3 Applicatio

=}

This activity shodld begin during the later design phases and should continue through the development, testing and
operations of the product. It should be updated on a continuous basis(with the latest data and changes implemented in
the operations of the product. The objective is to maintain a cost efféetive maintenance program through the life cycle of
a product. Continuous improvement of the reliability centered maintenance plan, based on reliability|Jand maintenance
history, provides gn economical maintenance program as well as high product availability.
C.26.4 Key Elempgnts

a. Maintenance goncept and plan

b. System desigp drawings and installation drawings

c. Experienced personnel with a maintenance background

d. Maintenance fesources and environmental information

e. Prediction soyrce data, i.e., reliability, cost, FMEA, etc.

C.26.5 Benefits

a. Provides a coft effective preventive maintenance program

b. Provides efficient use of the product as well as support resources

c. Provides foundations for the training requirements and publication content

d. Identifies the skill levels, personnel requirement and maintenance resources required
C.26.6 Limitations

a. Accuracy may be limited in the early design phases

b. Quality of data and analysis technique limits accuracy

c. Needs to be updated continuously to be an effective tool
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C.26.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.3.1.3, Preventive Versus
Corrective Maintenance Requirements)

Maintainability Toolkit, Topic 1.2.2, Reliability Centered Maintenance

Maintainability Toolkit, Topic 3.6, Monitor and Analyze Operational Performance

SAE JA1011—Evaluation Criteria for Reliability Centered Maintenance (RCM) Processes

SAE JA1012—Gu
DEF STAN 00-45

ide to Reliability Centered Maintenance Standards
— Requirements for Application of Reliability Centred Maintenance (Part 1)

ATA MSG-3—Operator/Manufacturer Scheduled Maintenance Development

C.27 REPAIR §
C.27.1 Descriptig

Identify various c
during the life cyc

C.27.2 Purpose

The strategies arg
plans. The final
minimum life cycle

C.27.3 Applicatio

The identification

b TRATEGIES

>

Istomer, contractor and vendor repair strategies to be used by the system operato
e of the product.

used in cost model evaluations and for the development ofwarious product mainteng
results may be used to establish a maintenance plan-that best fits the customer
cost.

=}

of repair strategies is accomplished early in-the design and evaluated by the custom

The selection of tihe best repair strategy for the customer is,based on the cost, availability of maintenan

customer operatir
current informatio
to be performed in

C.27.4 Key Elem

g plans. Source data used in the development of strategies should be accurate
service.

ents
of maintenance taskswand responsibilities

ntenance repair plan‘and resources

structure, key_personnel and technical interfaces

tenance-and repair task performance and documentation preparation

scription of the resources and environments

rs and maintainer

nce concepts and
operations with a

er and contractor.
ce resources, and
and updated with

n and maintenance technologies. Product design should reflect repair strategy and anticipated repairs

a. Requires alis
b. Customer ma
c. Management
d. Plans for mair
e. Requires a dg
f.

C.27.5 Benefits

a.

Ground rules for determining repair economics versus parts scrapping

Demonstrates a understanding and approach for developing maintainable products/systems

b. Provides a planned maintenance approach for the life cycle of the product

C.

Demonstrates to the customer a commitment to provide maintainable products
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C.27.6 Limitations

a.

Strategies are limited by availability and accuracy of source data

b. Strategies are dependent on personnel expertise

C.27.7 References

MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 2.2.2, Life Cycle Cost)
MIL-HDBK-470A—Designing and Developing Maintainable Products and Systems (Par 4.3, Design for Maintainability)

MIL-HDBK-470A—

—npcigning and Dpvplnping Maintainable Products and defpmc (Apppndix C quign

Guidelines)

Maintainability To
C.28 MAINTEN

C.28.1 Descriptig

blkit, Topic 5.1, Specific Considerations

ANCE SAFETY ANALYSIS

>

Maintenance safgty analysis is a formal method to assess safety issues associated with the maintenance task

performance for a
C.28.2 Purpose

Equipment and p
through a planneq
environment.

C.28.3 Applicatio

This analysis act
analysis reflects t
using customer

compliance with t
product in the pr
reducing personn

C.28.4 Key Elem
a. A complete un
b. List of mainte

c. Aplan should

product prior to the acceptance by the customers and users of the product.

brsonnel safety analysis is the activity used to verify_compliance with the safety de
and structured analysis and evaluation using the planned personnel and resources

-

ne operational environment, uses the,maintenance resource planned for the product
aintenance personnel inputs and recommendations. The safety analysis is pe

bposed environment and operating conditions. The goal should be to provide a 9
bl and product accidents which impact operator costs and schedules.

ents
derstanding ofithe customer approach to the product usage and maintenance
hance resources, like support equipment, facilities and personnel

be devéloped, coordinated and approved prior to conducting the safety analysis

5ign requirements
in the operational

vity is conducted during the design, dévelopment, testing and initial operational plpases. The safety

and is conducted
rformed to show

e design requirements and government regulations and demonstrate the ability to us¢ and maintain the

afe product, thus

d. Analysis revie
C.28.5 Benefits

a.

WS supported by the customer with personnel and resources

and environments in a safe manner

b. Demonstrates the ability of the maintenance resources to support the system in a safe manner

C.

Identifies problem areas requiring corrective action

Provides the status on maintainability design requirements compliance and compatibility with the operating resources
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