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Abstract

This stand=-d provides the basis for developing the analysis of failure modes, their effects, and criticality
in_<he contixt of individual products along with the known performance of their elements. The
“agqu.sements for contractors, the planning and reporting needs, along with the analytical tools are
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Foreword

A performance-based Product Failure Mode, Effects, and Criticality Analysis (FMECA) standard has been
developed to aid organizations in assuring that their product FMECA tasking presents a “value-added”
contribution to the product development effort. The need for such a standard arises from the absence of
an accepted methodology for assessing the capability of reliability and maintainability (R&M) programs.
The 1ISO 9000 series standards presently guide organizations in establishing practices for consistently
producing superior products, but only within the discipline of quality assurance. The ISO 9000 series of
standards do not define processes and practices for achieving high-reliability products. Because the
criteria for quality and reliability differ, an organization that conforms to stringent workmanshin
specifications and produces high-quality products through participation in the 1ISO 9000 certfication
process may still lack the capability to consistently deliver high-reliability products. Hence, thic. preduct
FMECA standard was developed as part of a suite of AIAA S-102 performance-based R&M standads or
quantifying the results of, and improving the performance of, R&M programs.

The AIAA S-102 performance-based R&M standards document tree (Annex A) includes 35 +*andards that
provide criteria for rating the capability of R&M practices. They represent proven apprcaches ror planning
and implementing the product life cycle R&M program. The S-102 R&M capabilii;-rating criteria allow
organizations to:

— specify a level of R&M program performance,

— plan the activities necessary to achieve a level of R&M program performa. e,

— appraise the performance an R&M program or individual practice, * i«

— identify the activities necessary to improve the performarice ¢ an R&M program or individual practice.

The S-102 R&M capability-rating criteria (Annex B in 'l &-102 standards) are intended to aid
organizations in assuring their R&M programs are a ‘“value-added” contribution to the product
development effort. There is no intent to prescribe a universal methodology for quantifying the evaluation
or improvement of R&M programs or individual practices. The S-102 R&M capability-rating criteria reflect
the collective body of knowledge of the S-792 Woriking Group, which was chartered by the AIAA
Standards Executive Council to develop and 2nprove the S-102 standards. The S-102 Working Group is
comprised of R&M experts that represerit 1 ie government and industry sectors affected by the S-102
standards.

This standard establishes uniform.requirernents for a performance-based product FMECA. The principles
of the product FMECA as promow 4 i a performance-based approach can be learned from this standard
alone, but its proper use reguir. % cz reful planning, for which the prerequisite is, understanding associated
S-102 documents and ideri.‘fying the desired R&M data products in the systems engineering process.
What distinguishes this sta.da.d from all past and present product FMECA standards is the following:

— It provides consistent “riteria for rating the “capability” of the product FMECA process.
— It provides cunsis.ent criteria for rating the “maturity” of the product FMECA data.

— It calls for the use of knowledge-based approaches to identify, analyze, and manage failure modes
thet pc se unacceptable risk.

— Foi.a C ipability Level 3 or above FMECA process, it calls for the collection and review of existing
ivs30ns learned, and the generation and formal approval of new lessons learned.

— For a Capability Level 4 or above product FMECA process, it calls for the use of predefined R&M data
parameters to facilitate the exchange of product FMECA data among computer-aided analysis tools
and other project databases.
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At the time of approval the members of the AIAA Performance-Based Reliability and Maintainability
Standards Working Group were:

Tyrone Jackson (Chair) SRS Technologies

Lily Lau The Aerospace Corporation

David Oberhettinger NASA Jet Propulsion Laboratory

Walt Willing Northrop Grumman Electronic Systems
Steve Harbater Northrop Grumman Integrated Systems
Alazel Jackson Raytheon Space and Airborne Systems
Jan Swider Pratt & Whitney Rocketdyne, Inc.

Dev Raheja Design for Competitiveness

Jeff Merrick Merrick Consulting

Ken Gibson Boeing Space and Intelligence Systems
James French RMS Partnership

Ari Jain Reliability Consultant

Dawson Coblin Lockheed Martin Space Systems

Terry Hardy Federal Aviation Administration

The above consensus body approved this document in June 200¢:

The AIAA Standards Executive Council (Mr. Amr EISawy. Ch<irman) accepted the document for
publication in July 2008.

The AIAA Standards Procedures dictates that all app.ove ] Standards, Recommended Practices, and
Guides are advisory only. Their use by anyone engaged in industry or trade is entirely voluntary. There is
no agreement to adhere to any AIAA standards puklication and no commitment to conform to or be
guided by standards reports. In formulating “revising, and approving standards publications, the
committees on standards will not consider m~te.1> that may apply to the subject matter. Prospective users
of the publications are responsible for prc'ectirg themselves against liability for infringement of patents or
copyright or both.
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1 Scope

This standard establishes uniform requirements and criteria for a performance-based, product Failure
Mode, Effects and Criticality Analysis (FMECA). The performance-based aspect of this standard requires
that the organization’s FMECA capability be rated according to predetermined criteria for process
capability and data maturity.

1.1 Purpose

The primary purpose of the product FMECA is to collect and evaluate the necessary system design
information to identify and eliminate or control all failure modes that pose unacceptable risk. Depending
on how it is performed, the FMECA can be used for many purposes, but its most important vse in
systems engineering is to aid the improvement of design reliability before the product is manutcotuixd.
For this standard, a failure mode is defined as the consequence of the mechanism throuah v:hici. the
failure occurs, i.e., the manner by which the failure is observed. Accordingly, a failure r.<de thet poses
unacceptable risk is a failure mode whose effect, either singularly or in combination witr. other failure
mode effects, violates a system design requirement or goal. The FMECA is a syste natic methodology
that is widely used to evaluate the effects on systems and interfaces caused by *he failure modes of
functional or physical components, to estimate the criticality of each failure moc= in 13rms of its end-
effects, and to evaluate the appropriate failure compensation methods for miss.n critical failure modes.
The S-102 Product FMECA is comprised of three components:

— failure mode and effects analysis (FMEA),
— criticality analysis (CA) and risk priority analysis (RPA), and
— critical item analysis (CIA) and failure compensation aralycis \=CA).

The FMEA answers system failure questions regarding-wie vhat’s, how’s, where’s, when’s, and why’s.
The CA and the RPA answer system failure questions 'ega ding relative significance. The CIA and the
FCA answer system failure questions regarding failure mitngation. The minimum activities that constitute
the baseline practice for the product FMECA are 1. e following:

— timely establishment of the requirements anc analytical ground-rules for the product FMECA,;
— timely establishment of product FWVIEC “ te’>hnical performance metrics (TPM);

— timely collection and evaluation ¢’ the necessary system design information to identify and eliminate
or control all inherent, singu!~r nc=!'ware (H/W) failure modes that pose unacceptable risk across the
system life cycle;

— timely creation of a produ~t FMECA dataset for each postulated system failure mode;

— timely application o. re'.ability critical item (RCI) selection criteria and the evaluation of RCI failure
modes;

— timely calculadon of the criticality number (CN) and detection risk priority number (RPN);

— timely identitication of scheduled project activities that are intended to help reduce the failure
'ikeihond or manage the consequences of the failure;

— timely icentification and documentation of all non-credible Severity Classification 3 (i.e., Marginal) or
higner inherent, singular H/W failure modes;

-~ timely validation of each product FMECA dataset; and

— timely development and documentation of the product FMECA report.
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