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FOREWORD

This NASA Standard describes a technical basis for promoting and implementing Reliability and
Maintainability (R&M) concepts on all new NASA programs and projects. The R&M Standard
is meant to establish and promote a high level of R&M managerial and technical excellence
throughout NASA. This Standard provides a comprehensive set of objectives and strategies
against which programs and projects can plan and evaluate activities that directly affect the
R&M activities. The Standard recommends evidence (controls, analysis, testing or inspection)
that R&M engineers, and other relevant technical disciplines, that impact reliability of
spacecraft, can provide in the planning and execution of a program or project over the lifecycle.
It is meant to be comprehensive, but not prescriptive, in its description of objectives and
strategies affecting reliability of programs and projects in NASA. The Standard does not
preclude bringing forth evidence that is part of the spectrum of assurance activities across other
disciplines and that must occur over the life cycle.

In pursuing an objectives based approach, the Office of Safety and Mission Assurance (OSMA)
has determined that its policies and requirements relevant to spaceflight, aeronautics, and other
research programs and projects must be better aligned with the program and project management
approach defined in NPR 7120.5, NASA Space Flight Program and Project Management
Requirements. This R&M Standard has been developed in accordance with this approach. The
vision in general is to move from a process-based approach to one that is more rooted in the
technical objectives of the stakeholders and Centers and is aligned with systems engineering. In
other words, this Standard promotes defining requirements with the focus of meeting the defined
technical objectives.

Currently NASA uses the policy directive NPD 8720.1, NASA Reliability and Maintainability
(R&M) Program Policy as a statement of its policies regarding their Reliability and
Maintainability Program. Additionally NASA Standard 8729.1, Planning, Developing and
Matintaining and Effective Reliability and Maintainability Program, is used to provide guidance
on the role of R&M. This new R&M Standard will replace 8729.1 and will be used as the basis
for planning activities to assure reliability of NASA programs and projects.

This NASA-STD was developed by NASA Headquarters, OSMA. Requests for information,
corrections, or additions to this standard should be submitted to the National Aeronautics and
Space Administration, OSMA, by email to Agency-SMA-Policy-Feedback(@ mail.nasa.gov or
via the “Email Feedback™ link at htips:/standards.nasa. gov.

gfmﬁ. A/M G)3 /2017

Terrencf: ‘lcutt Approval Date
Chief ¢ and Mission Assurance

30f52



NASA-STD-8729.1A0 201706-13

TABLE OF CONTENTS

DOCUMENT HISTORY LOG oiiiiiiiiiiiiiii oo ecciieeee st enensssssssssssaaeeeeeeeeeeeeenan 2
TABLE OF CONTENTS ..ottt rees bttt s ettt e e e e e e e e e e e e e e e e e e s smmeeeaaaaes 4
LIST OF APPENDICES ......oitiiiiiiiiiiiiiiiieecceeeiiiiit ittt ssssmmme e e e e e e e e e s s ssnnnnssssnenssnnnnnnn &b
1. SCOPE . ..ttt ana— bbbttt e e aaaaaaas 5
11 PUIPOSE.....ceeee e e e e eae a
1.2 Y o] o] 1= o 1 YU PPPPSPRR 5
2. APPLICABLE DOCUMENTS ..oiiiiiiiiiiie e eeee s sennsss e 6
2.1 LCT=T 01T - T 6
2.2 GOoVErnNMENT DOCUMENIS. ... ittt e et e e e e e mmme e e e e e eeeeaa e e eeeeens 6
2.3 NON-GOVErNMENT DOCUMENLIS. .....uuiiiiiiiiiiis e eirmmei e e et e et e e sneee e e e e e e eenas 6
2.4 Order Of PreCRUEBNCE ........oeeieeeieiii oottt a s e e e e e e e e e e e e e anneeaeeas 6
3. ACRONYMS AND DEFINIT IONS ....ootttiiiiiiiiiiiieeeee e ssmnne e 6
3.1 Acronyms and ADBDIreVIatioNS...........iiiiiiiie e ceeerccc e eeee e e e e e 6
3.2 D 1= 1 11 PP 8
4. R&M REQUIRED APPROAC H ...ooiiiieeeee e 14
4.1 R&M TeChNICAlODJECHIVES ... ..ot eee e e e e e e 14
4.2 ObjectivesDIiVEN APPIOACH............uuuiiiei s e e e e e e eeeera s e e e e e e e e eees 15
5. IMPLEMENTATION REQUI REMENTS ....cooiiiiiieeee e 15
5.1 Planning and Implementation................oooiiiiiiieeeiii e eeeeeeeeeeeee e 15
5.2 Evaluation and REVIEW............ouuuiiiiiiiiiiecceeee e emme s e e e e e e e e eaeaen 17
LIST OF APPENDICES
APPENDIX A. R&M OBJECTIVES HIERARCHY ...ccoiiiiiiiieeeeeeeeeeeee e 18
APPENDIX B. R&M OBJECTIVES HIERARCHY WITH SCOPE IDENIFICATION.......... 24
APPENDIX C. R&M EVIDENTIARY METHODS .......ccooiiii e 33
APPENDIX D. REFERENCES .........outtiiiiiiiiiiiii ettt e rmmr e e e e e e anees 52

4 of 52



NASA-STD-8729.1A0 201706-13

RELIABILITY AND MAIN TAINABILITY STANDARD FOR
SPACEFLIGHT AND SUPPORT SYSTEMS

1. SCOPE
1.1 Purpose

1.1.1  This document spedds technical objectives and related strategieSIABA programs

and projects to be used in planning, executing and evaluating Reliability and Maintainability
(R&M). These objectives include a comprehensive set of considesdtio projects and
programautilized as specified that impact reliability, as well as $pecific activities for the

R&M technical discipline. fiese considerations relate to R&luring the design, evaluation,

and operation of spaceflight systems, and establish guidelines for tinengland review of

related engineering and assurance activities across the lifecycle. This set of objectives, strategies
and implementation guidelines are intended to promote a high leveldalkcéxcellence in

achieving R& goals for all programs andgjects.

1.1.2 Mandatory elements of thB&tandard require programs and projectagethese

objectives and strategies during the planning of activities and formulation of requirements, and
establish and justify to what extent and in what way they are addressatiensurate with the
accepted level of risk to safety and mission success. Upon agreement by the stakeholders and
SafetyandMission AssuranceSMA) Technical Authority, the program or project is required to
act in accordance with their plafhe programs expected to demonstrate that the various
objectivesdentified in the plarare satisfied to an acceptable legheting the review process.

This Sandard recognizes that meeting R&bjectives in a comprehensive endeavor that is
achieved in an interdiggdinary manner in the execution of program and project activities over
the lifecycle in cooperation with the Systems Engineering of the program and project.

1.1.3  While this document may give guidance with processes associated with the objectives,
it is generdly not the intent of thiStandard to prescribe particular processes, rather to allow
programs and projects to select effective means of incorporating R&M considerations into their
activities and to enable innovan. Guidance is provided to help prograpmjects, contractors,

and providers select appropriate processes and methods. Additional guidance may be issued in
the form of handbooks or technical bulletins.

1.2 Applicability

1.2.1 ThisStandard is approved for use by NASA Headquarters and NASA Centers
including ComponenEacilities andlechnical and Service Support Centers, i@ag be cited in
contract, program, and other Agency documents as a technical requir€hgBtandardmay
also apply to the Jet Propulsion Laborat@ifyL)or to other contractorsygnt recipients, or
parties to agreemendsly to the extent specified or referencedhieir contracts, grants, or
agreements

1.2.2  This Standard does not apply to facility projeztsept for critical technical facilities
specifically developed or significdy modified for Spacdlight Systems as identified in NPR
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7120.5 Implementation of R&M on facilities is in accordance with NPD 8831.1. Maintenance of
Institutional and Program Facilities and Related Equipment; NPR 8820.2, Facility Project
Requirements; NIR 8831.2, Facilities Maintenance Management; NASA Reliability Centered
Maintenance Guide for Facilities and Collateral Equipment; and NASA Reliability Centered
Building and Equipment Acceptance Guide.

2. APPLICABLE DOCUMENTS

2.1 General

The documents listed inithsection contain provisions that constitute requirements of this
Standard as cited in the textseof morerecent issues of citetbcuments may be authorizeg
the responsible Technical Authorifyhie applicable documents are accessildehe NASA

Technical Standards Systeasihhttp://standards.nasa.gdutp://nodis3.gsfc.nasa.goef may be
obtained directly from the Standards Developgirganization®r other docment distributors.

2.2 Government Documents
NPR 7120.5 NASA Space Flight Program and Project Management
Requirements
2.3 Non-Government Documents
None
2.4 Order of Precedence

This NASA Technical $andard establishes requirementstfar Reliability and Maintainabiljt
Engineering technical disciplinésit does not supersede nor waive established Agency
requirements found in other documentatiGonflicts between thiStandard and other
requirements documents shall be resolved by the responsible Technical Authority.

3. ACRONYMS AND DEFINITIO NS

3.1 Acronyms and Abbreviations
CIL Critical ltem List
DC Direct Current
EMC Electromagnetic Compatibility
ESD Electrostatic Discharge
ESS Environmental Stress Screening
FMEA Failure Modes and Effects Analysis
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FMECA Failure Modes, Effectsand Criticality Analysis
FRACAS Failure Reporting and Corrective Action System
FTA Fault Tree Analysis

GIDEP Governmenindustry Data Exchange Program
GPMC Governing Program Management Council
HALT Highly Accelerated Life Testing

HAST Highly Acceleratedstress Testing

IESD Internal Electrostatic Discharge

I&T Integration and Test

JPL Jet Propulsion Laboratory

LOC Loss of Crew

LOM Loss of Mission

MDT Mean Downtime

MMH Maintenance MaiHour

MMOD Micrometeoroids and Orbital Debris

MTA Maintenance Task Analysi

MTBF Mean Time Between Failure

MTTF Mean Time Tdrailure

MTTR Mean Time TdRepair

NASA National Aeronautics and Space Administration
NPD NASA Policy Directive

OSMA Office of Safety and Mission Assurance

PDR Preliminary Design Review

P/F/A Problems/Failuzs/Anomalies

PMC Program Management Council
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PRA Probabilistic Risk Assessment

PRACA Problem Reporting and Corrective Action System
PSA PartsStress Analysis

R&M Reliability and Maintainability

RBD Reliability Block Diagram

RBDA Reliability Block DiagramAnalysis

RCM Reliability-Centered Maintenance

RMA Reliability, Maintainability, and Availability
SEE Single Event Effects

SMA SafetyandMission Assurance

TRL Technical Readiness Level

WCA Worst Case Analysis

Definitions

The following definitions may be udd¢o plan R&M activities and interpret the R&M
considerations outlined in Appendix A.

Anomaly: An unexpected event that is outside of certifiegigi®@performance
specificationimits or expectations.

Availability, OperationalAc): The percentage of tienthat a system or group of

systems within a unit are operationally capable of performing an assigned mission and
can be expresdeas uptime/(uptime+downtimdj.includes logistics time, ready time,

and waiting or administrative downtime, and both preverdnd corrective

maintenance downtie. This value is equal to the Mean Time BetwegituFe (MTBF)
divided by theMTBF plus the Mean Bwntime (MDT). This measure extends the
definition of availability to elements controlled by the logisticians and nmgsi@nners

such as quantity and proximity gpares to the hardware items ié the quantitative

link between readiness objectives and supportability.

Availability, Inherent (A): The percentage of time that a system or group of systems
within a unit areoperationally capable of performing an assigned mission with respect
only to operating time ahcorrective maintenance timeexcludes logistics time,

waiting or administrative downtime, and preventive maintenance downtime. It includes
corrective mainteance downtime. Inherent availability is generally derived from
analysis of an engineeringsign and is calculated as the Mean Time &ituFe
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(MTTF) divided by theMTTF plus the Mean Time Todpair (MTTR). It is based on
qguantities under control of the signer.

Contract An agreement between two or more parties, which is normally written and
enforceable by law.

Contractor A party under contract to provide a product or service at a specified cost to
another party (or parties) to the contract, also knasvthe customer(s).

Criticality (of a failure) A measure of theignificance oseverity of a failuren
mission performance, hazards to material or personnel, and maintenance cost.
Programs/projects typically establish their own criticality definitiang
classifications.

Dependability The ability to avoid service failures that are more frequent and more
severe than is acceptable

Environment The natural and induced conditions experienced by a system including
its people, processes, and productsmduoperational use, staifiy, maintenance,
transportation, and storage.

Failure [1] Inability of a system, subsystem, component, or part to perform its required
function within specified limits[2] Non-performance or incorrect performance of an
intenced function of a product. A failure is often the manifestation of one or more faults
and is permanent

Failure Analysis The conduct of evaluations and analyses to determine the specific
cause of system (including elements of hardware, software, and lpemiarmance)
and/or component failure.

Failure Cause The defect in design, process, quality, or part application that is the
underlying cause of a failure or which initiates a process that leads to failure.

Failure Effect The immediate consequenceaofailure on operation, function or
functionality.

Failure MechanismThe process (e.g., physical, chemical, electrical, thermal) of
degradation or the chain of events, which results in a particular failure mode.

Failure Mode [1] Particular way in whicla failure can occur, independent of the
reason for failure. [2The characteristic manner in which a failure occurs, independent
of the reason for failure; the condition or state that is the end result of a particular
failure mechanism; the consequencéhef failure mechanism tbugh which the failure
occurs.e.g, short, open, fracture, excessive wear.

Failure Modes and Effects Analysis (FMEA]1] A bottoms up systematic, inductive,
methodical analysis performed to identify and document all idergffailure modes
at a prescribed level and to specify the resultant effect of the modes of failure. It is
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usually performed to identify critical single failure points in hardware. In relation to
formal hazard analyses, FMEA is a subsidiary analfj#\ bottomup systematic,
inductive, methodical analysis performed to identify and document all identifiable
failure modes at a prescribed level and to specify the resultant effect of the modes of
failure.[3] Analysis of a system and the working interrelasioips of its elements to
determine ways in which failures can occur (failure modes) and the effects of each
potential failure on the system element in which it occurs, on other system elements,
and on the mission.

Failure Mode Effects and Criticality Anais (FMECA) Analysis of a system and the
working interrelationships of its elements to determine ways in which failures can
occur (failure modes) and the effects of each potential failure on the system element in
which it occurs, on other system elemeatsd on the mission, and the study of the
relative missiomnrisk or criticality of all potential failure modes.

Failure PropagatianAny physical or logical event caused by failure within a product
which can lead to failure(s) of products outside the Hatias of the product under
analysis.

Failure Tolerance The ability to perform a function in th@esence of any of a
specifiednumber of coincident, independent failure causes of specified types.

Fault [1] An undesired system state and/or the immediause of failure (e.qg.,
mal adj ust ment, misalignment, defect, or

envel opes the word Afailure, o since faul

software anomalies and operational anoma]i§sAn inherent dedct in a product
which may or may not ever manifest, such as a bug in software code.

Fault Isolation The process of determining the approximate location of a fault.

Fault ManagementThe engineering process that empasses practices which enable
an opeational system to contain, prevent, detect, isolate, diagnose, respond to, and
recover from conditions that may interfere with nominal mission operations.

Fault PropagatianThe propagation of effects seen from one fault into other faults and
potentiallyfailures

Fault Tree Analysi$FTA): A deductive system reliability tool that provides both
qualitative and quantitative measures of the probability of failure. It estimates the
probability that a togevel event will occur, systematically identifies jtissible causes
leading to the top event, and documents the analytic process to provide a baseline for
future studies of alternative designs.

Hardware Iltems made of a material substance but excluding computer software and
technical documentation.

Level of Repair Analysis (LORA): An analytical methodology used to assist in
developing maintenance concepts and establishing the maintenance level at which
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components will be replaced, repaired, or discarded based on economic/noneconomic
constraints and operanal readiness requirements. Also known as an Optimum Repair
Level Analysis (ORLA).

Maintainability A measure of the ease and rapidity with which a system or equipment
can be restored to operational status. It is characteristic of equipment design and
installation, personnel availability in the required skill levels, adequacy of maintenance
procedures and test equipment, and the physical environment under which maintenance
is performed. One expression of maintainability is the probability that an itk ew

retained in or restored to a specified condition within a given period of time, when the
maintenance is performed in accordance with prescribed procedures and resources.

Maintenance All actions necessary for retaining an item in, or restoring, iat
specified condition.

Maintenance AnalysisThe process of identifying required maintenance functions by
analysis of the design, and to determine the most effective means to accomplish those
functions.

Milestone Any significant event in the prograprbject life cycle or in the associated
reliability or maintainability program that is used as a control point for measurement of
progress and effectiveness or for planning or redirecting future effort.

Mission Critical [1] Item or function that must raih its operational capability to
assure no mission faile (i.e., for mission succes$2] An item or function, the failure
of which may result in the inability to retain operational capability for mission
continuation if a corrective action is not sussfellly performed.

Mitigation: An action taken or planned to reduce the consequence of an event
(synonyms: compensating provisions, faolerance).

Operational Readinesd he ability of a system to respond and perform its mission
upon demand.

Preventio: An action taken to reduce the likelihood of an event (Synonyms:
preventive measure, fault avoidance).

Problem/FailurBAnomailiesManagemen(P/F/A). A formalized process to document,
resolve, verify, correct, review and archiRd-/A incurred duringhe development of
functional hardware or software.

Program An activity within an Enterprise having defined goals, objectives,
requirements, funding, and consisting of one or more projects, reporting to the NASA
Program Management Council (PMC), unleslegated to a Governing Program
Management Council (GPMC).

Project An activity designated by a program and characterized as having defined
goals, objectives, requirements, Life Cycle Costs, a beginning, and an end.
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Redundancy Use of more than one indepent means to accomplish a given function.

Redundancy (of design)A design feature which provides a system with more than one
function for accomplishing a given task so that more than one function must fail before

the system fails to perform the taskedign redundancy requires that a failure in one
function does not iIimpair the systemés abil

Reliability: The probability that an item will perform its intended function for a
specified interval under stated conditiomie function of an item may be composed of
a combination of individual subfunctions to which the-kexel reliability value can be
apportioned.

Reliability Analyses A set of conceptual tools and activities used in reliability
engineeringExamples of common analyses are Failure Modes and Effects Analysis
(FMEA) and Fault Tree Analysis in failure space and Reliability Block Diagram
Analysis (RBDA) in success space.

Reliability Assurance The management and technical integration of the reliability
activities essential in maintaining reliability performance, including design, production,
risk managemenand product assurance activities.

Reliability Block Diagram Analysis (RBDA)A deductive (topdown) method that

generates a symbollogic model in successpace that depicts and analyzes the

reliability (and/or availability) relationships between the systemsgstém elements

and/or eventsTypical RBD models are constructed of series, parallel, and/or

combinations of series and paratenfigurationsThe RBD modetescribes a
successful operation when an uninterrupt e
output.The RBDA process, for example, provides a design baseline and serves as a

means to identify weak areas and changes early in the desgmauichserves as input

to accomplish related analyses (e.g., FMEA, FTA, spare, and maintenance).

Reliability Centered Maintenancé\n on-going process that determines the mix of
corrective and preventiv@aintenance practices to provide the requiredbidilyaat the
minimum cost. It can use diagnostic tools and measurements to assess when a
component is near failure and should be replaced. The basic thrust is to eliminate more
costlycorrectivemaintenance and minimize preventive maintenance.

Requiremersg Requirementsire statements of need that define what a system will do
and how well it must perform those tasks

Review A critical examination of a task or program/project to determine compliance
with requirements and objectives.

Risk In the contexbf mission execution, risk is operatiolyadlefined as a set of

triplets. [1] Thescenario(s)eading to degraded performance with respect to one or
more performance measures (e.g., scenarios leading to injury, fatality, destruction of
key assets; scenas leading t@xceedance of mass limits; scenarios leading to cost
overruns; scenarios leading to schedule slippggEe).helikelihood(s)(qualitative or
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guantitative) of those scenari¢3] The consequence(gjjualitative or quantitative
severity of tle performance degradation) that would result if those scenarios were to
occur.Uncertainties are included in the evaluation of likelihoods and consequences.

Risk Acceptance The formal process of justifying and documenting a decision not to
mitigate a gven risk associated with achieving given objectives or given performance
requirements.

Risk ManagementAn organized, systematic decistamaking process that efficiently
identifies, analyzes, plans, tracks, controls, communicates, and documents risk and
establishes mitigation approaches and plans to increase the likelihood of achieving
program/project goals.

Risk Reduction The modification of a process, system, or activity in order to reduce a
risk by reducing its probability, consequence severityngoettainty, or by shifting its
timeframe.

Safety Critical Event An event(successful or failure)f whose proper recognition,
control, performance or tolerance is essential to safe system operation or use

Severity(of a failure) A measure of theffect or consequence of a failure in relation to
mission performance, hazards to material or personnel, and maintenance cost.
Programs/projects typically establish their own severity definitions and classifications

Single Pointrailure Anindependent eleménf a system (hardware, software, or
human) the failure of which would result in loss of objectives, hardware, or crew.

Spares Maintenance replacements for parts, components, or assemblies in deployed
items of equipment.

Stress Screeninglhe processf applying mechanical, electrical, or thermal stresses to
an equipment item for the purpose of precipitating latent part and workmanship defects
to early failure.

Subsystem A grouping of items satisfying a logical group of functions within a
system.

Sumlier: Any organization, which provides a product or service to a customer. By this
definition, suppliers may include vendors, subcontractors, contractors, flight
programs/projects, and the NASA organization supplying science data to a principal
investigdor. (In contrast, the classical definition of a supplier is: a subcontractor, at any
tier, performing contract services or producing the contract articles for a contractor.)

Support EquipmentEquipment required to maintain systems in effective operatin
condition in its intended environment, including all equipment required to maintain and
operate the system and related software.
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Sustainability The ability to maintain the necessary level and duration of logistics
support to achieve mission objectives.

Sustainment The provision of logistics and personnel services required to maintain
and prolong operations until successful mission accomplishment

System [1] The combination of elements that function together to produce the
capability to meet a needihe elements include all hardware, software, equipment,
facilities, personnel, processes, and procedures ddedthis purpose. [Z[he end
product (which performs operational functions) and enabling products (which provide
life-cycle support services the operational end products) that make up a system.

Tailoring: The process used to adjust or seek relief from a prescribed requirement to
accommodate the needs of a specific task or activity (e.g., program or project). The
tailoring process results ihé generation of deviations and waivers depending on the
timing of the request (Source: NPR 7120.5, NASA Space Flight Program and Project
Management Requirements).

Task A function to be performed. In contract proposals, a unit of work that is
sufficiently well defined so that, within the context of related tasks, readiness criteria,
completion criteria, cost and schedule can all be determined.

Test A procedure for critical evaluation; a means of determining the presence, quality,
or truth of somethinga trial. In engineering, a method of determining performance by
exercising or operating a system or item using instrumentation or special test equipment
that is not an integral part of the item being tested.

Testability A design characteristic that petstimely and coséffective determination

of the status (operable, inoperable or degraded) of a system or subsystem with a high
level of confidence. Testability attempts to quantify those attributes of system design
that facilitate detection and isolatioh faults that affect system performance.

Validationt To establish the soundness of, or to corroborstea process, validation
answers, "Are we building the right systenvallidation testing of products is

performed to ensure that each reflects anrateunterpretation and execution of
requirements and meets a level of functionality and performance that is acceptable to
the user or customer.

Verification: The task of determining whether a system or item meets the requirements
established for itAs aprocess, verification answers, "Are we building the system

right?"

R&M REQUIRED APPROACH

R&M Technical Objectives

The toplevel objective of R&M activities in NASAupport systemgrograms and

projects is to ensure that systems perform as requiredhmiefitecycles to satisfy mission
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objectives including safetyeliability, maintainability, and quality assurance requiremasts
defined in the references listed in Appendix D

4.1.2 Programs and projects are expected to address this objective by condouakysg and
testing activities and making the necessary design and operational choices to limit the likelihood
of faults and failures, and to provide mitigation and restoration capabilities as needed to maintain
an acceptable level of functionality congidg those safety, performance, aetability

objectives.

4.1.3 Accordingly, the togevel objective is decomposed into the following four
subobijectives:

a. The system conforms to the design int@mterfaces and/or functionanhd performs as
plannedunder nomial and failed conditions

b. The system and its elements remain functional for the intended lifetime, environment,
operating conditions, and usage

c. The system is tolerant to faults, failures, and other anomalous internal and external
events

d. The system has atceptable level akliability andmaintainabilityin order to properly
satisfy the availability requirement

4.1.4  This Standard specifies strategies to meet each of these objectives. The strategies
represent suggested guidance for spaceflight programs @edtprthat can allow tailoring per
risk classification and acceptable risk posture. The decomposition-tEelpobjectives into
strategies is listed in Appendix A. The strategies represent minimum expectations for R&M
activities | n rNghaBfahagpropgsacef | i ght p

4.2 Objectives-Driven Approach

4.2.1 The intent of thisStandard is tgrovide the key R&M objectives, rather than a fixed set
of R&M products and processes, and provide the necessary flexibility to address those key
objectives consistent witipoverning acquisition, management, and engineering approaches, and
commensurate with risk tolerance.

4.2.2 Programs and projects, as part of their planning activgres|identify how they
intend to address the R&M objectives, implement the associated &satmud evaluate
evidence of successful implementation.

S. IMPLEMENTATION REQUI REMENTS
5.1 Planning and Implementation
5.1.1 The Project or Program shall establish and implement R&M requiremehis SMA

Plan required in NPR 7120.5he SMA Plan shouldddress thelgectives and strategg in
Appendix A andisted in the tables of Appendix & this NPR Some relevant activities

150f 52



NASA-STD-8729.1A0 201706-13

necessary to address the objectives may be performed by parjpcbgrans that are not within

the scope of the R&M pratitbner or managkwithin the discipline of R&M. However, all the
objectives and strategies herein are relevant to project and program relgatalityission
successPrograms and projects shall ensure the appropriate interfaces are coordinated among the
relevant stakehders.Programs and projects are encouraged to take an interdisciplinary
approacttonsistent with Systems Engineeringplanningto meetR&M objectives and

strategies

5.1.2 The R&M requirements and plan shall speefhdbr reference other appropriate
program o projectplans,document®r modelsyelevant to the following

a. R&M criteria, including those derived from safety, mission success, MMOD or
sustainment;

b. Functional and performance objectives and requiren@ats, documents or models in
order to enablehte performance of effective R&M activities suchgasintitativereliability
models andrailure Modes andffects Analysis(FMEA);

c. Applicable design and proceSsandardsmpacting system reliability so as to enable
effective performance of R&MctivitiesincludingFailure Modes andeffects Analysis
(FMEA) and the development of Critical Items Lists (GIL)

d. The scope of each activity, commensurate with the minimum scope of strategy
implementation specified in the tables of Appendix B;

e. The products that willdused as evidender thestrategieshatwere implemented and
objectives addressed, includiagyalternatives tahereferencd evidentiary methods
provided in the tables of Appendix B;

f. Instances where R&M products serve as design requirement veoificati

g. A schedule of R&M productand deliverablesonsistent with Project or Program design,
developmental, and operational milestone criteria;

h. Organizations and organizational interfaaes processes (e.g., risk management)
involved in the execution of thetivities;

i. The strategy for independent evaluation of R&M products and activitiese applicable
and commensurate with the minimum scope of strategy implementation

J. Lessons learned, best practices and system heritage throughout the life cycle.

5.1.3 The Prgect or Program shall obtain concurrence from the SMA Technical Authority
that theProject or Programequirements and plan of activities, or any update theaeef,
sufficient to address the R&M objectives and strategies commensurate with the mission clas
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5.1.4 The Project or Program shall identify, in an appropriate planning document, the
organizations that are responsible for the provision of personnel, funding, tools, and other
resources needed to satisfy the R&M requirements and plan.

5.2 Evaluation and Review

5.2.1 The SMA Technical Authority shall verify that the strategy for independent evaluation
of R&M products and activities is implemented.

5.2.2 At milestone reviews, the Project or Program, with concurrence from the SMA
Technical Authority, shall provide evidenased/or present R&M resulthatshow

a. R&M objectives and strategies have been adequately addressed consistent with the plan;
b. R&M products are at an appropriate maturity level and meet appliSabidards;
c. Related technical risks have been identified aeddaemed to be acceptable.

5.2.3 Atreadiness reviews, the Project or Program, with concurrence from the SMA
Technical Authority, shall confirm that

a. R&M objectives and strategies have been adequately addressed;

b. Related residual riskaredeemed to be acceptabl
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APPENDIX A. R&M OBJECTIVES HIERA RCHY

The following pages contain a flowchart view of the R&M objectives hierarchy. The format
defines objectives and subobjectives while mapping them with strategies that are used to
accomplish the objectives. Subobjectives are tsédarther elaborate aiop-level objectives,
buteach objective block uses at least one strategy to accomphshatbenefit that is in line

with the intent of this standard, this method clearly describes the objectives and strategies and
separates time accordingly

Objectiv e: descibesneessay oo e el
Requirement:ident e s characterisics or attributesabout the sysem omiext . CeSrbeselaments

requrementsthat are relevant to i iadivei i relevant to the objective that may
qu e or desig. Top Objeg)lgl/elsthe highestlevel T T e

activities

: e

Strategy: descibeswaysor methodsto
accomplishthe parert objedivesib-chjedive

~ SubObjectiv e:descibes SubObjectiv e:destibes
intermedate goals for the parert intermedate goals for the parert
stateg/ strateqy
/7

[ e

Strategy: descibeswaysor methods to
accomplishthe parert objedivesb-cojedive

The hierarchy uses these two essential blocks in an alternating fashj@&aleobjective is

coupled with at least one strategy and then each sub objective of that pair is coupled with at least
one strategy. In addition to these twinmary blocks, the notation used herein includes some
AContexto blocks that are used solely as desc
will be used purely to define context elements of a primary block.
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R&M Objectives Structure - Top-Level

Strategy: prevent faults and failures, provide mitigation
capabilities as needed to maintain an acceptable level

of functionality considering safety, performance, and
sustainablity objectives
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SubObjective 1: System Conforms to Design Intent and Performs as Planned

Strategy: Verify and validate nominal functionality

Strategy: Test and inspect adequately to identify and

resoive faults, issues and defects

(1.8)

Strategy: Identify causes of
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SubObjective 2: System Remains Functional for Intended Lifetime,
Environment, Operating Conditions and Usage

Context: Description of operating

Strategy: Understand fai hani liminate and/or control failure
causes, de;ndluon and common cause fallures, and limit fallure
propagation to reduce likelihood of fallure 1o an acceplable level

Strategy: A q reliability measures and
recommend or support changes to system design and/

Strategy:
— P ko Y S L P —
coupling factors and shared i ralia
margin to account for variable - biok Sadanit Tor l(zb: lm.l) bmdwﬂg::;v“lvﬁs

dependent) components
(2.A.2.A)

Strategy: Estimate reliability

based on applicable Strategy: Plan and perform life

Strategy: Cvaluate and control

nominal stresses and related performance data, historical S—v."
fallure causes data of similar systems, and/or (2.8.1.0)
(2.A1.8) physics-based modeling

2.8.1.8

Strategy: Track and monitor

Strategy: Evaluate and control reliability performance over
potential for extreme stresses time
and related failure causes (2.8.1€)

Strategy: Perform qualification
testing and life demonstration
to verify design for intended
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SubObjective 3: System is Tolerant to Faults, Failures and Other Anomalous

Internal and External Events

Objective: System is tolerant to faults, failures and
other anomalous internal and external events

(3)

Strategy: Assure that system

mitigations to keep anomalous events from compromising the

ability to meet

(3.4)

indudes necessary barriers and

mission objectives

Objective: System has multiple means of
accomplishing functions that are critical
bmd*vg.::jm:dm

Strategy: Provide similar or
dissimilar functional
regundancy
(3.A.1.A)

Strategy: Separate redundant
paths functionally and

physically
(3.A.2.4)

strategy: Isolate and contain
faults
(3.A28)

Strategy: Evaluate and control
shortest path to worst case
effects (e.g. hazardous events)
(3.a.2C)

Objective: System is able to recover from
anomalies affecting functions that are
important to top-level expectations.
(3.A3)

Strategy: Provide fault
management (detection, active
Isolation, recovery) capabllities
(3.A.3.A)
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Strategy: Plan contingency or
other off nominal operanions
(3.A.4.8)
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