
Standard

ANSI/AIAA S-102.2.4-2015 
 

Capability-Based Product Failure Mode, 
Effects and Criticality Analysis 

(FMECA) Requirements 

AIAA standards are copyrighted by the American Institute of Aeronautics and 
Astronautics (AIAA), 1801 Alexander Bell Drive, Reston, VA  20191-4344 USA. All rights 
reserved. 

  

AIAA grants you a license as follows: The right to download an electronic file of this AIAA 
standard for storage on one computer for purposes of viewing, and/or printing one copy 
of the AIAA standard for individual use. Neither the electronic file nor the hard copy print 
may be reproduced in any way. In addition, the electronic file may not be distributed 
elsewhere over computer networks or otherwise. The hard copy print may only be 
distributed to other employees for their internal use within your organization. 

Copyright American Institute of Aeronautics and Astronautics 
Provided by IHS Markit under license with AIAA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AIAA S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015


 

1 

 

American Institute of  
Aeronautics and Astronautics 

 
1801 Alexander Bell Drive, Suite 500 

Reston, VA  20191-4344 
 

www.aiaa.org 

ISBN 978-1-62410-377-3

Copyright American Institute of Aeronautics and Astronautics 
Provided by IHS Markit under license with AIAA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AIAA S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015


  

ANSI/AIAA S-102.2.4-2015 

 
 
 
 
 
 
 

American National Standard 
 
 
 

Capability-Based Product Failure Mode, 
Effects and Criticality Analysis (FMECA) 

Requirements 
 

 

 

 

 

Sponsored by 

American Institute of Aeronautics and Astronautics 

Approved 24 July 2015 

American National Standards Institute 

Approved 14 August 2015 

 

 

Abstract  

This Standard provides the basis for developing the analysis of failure modes, their effects, and criticality 
in the context of individual products along with the known performance of their elements.  The 
requirements for contractors, the planning and reporting needs, along with the analytical methodology are 
established.  The linkage of this Standard to the other standards in the new family of capability-based 
safety, reliability, and quality assurance standards is described, and keywords for use in automating the 
Product FMECA process are provided. 
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Foreword 

Mission Assurance is the project-wide identification, evaluation, and mitigation or control of all existing 
and potential deficiencies that pose a threat to system safety or mission success, throughout the 
product’s useful life and post-mission disposal.  Quality, system safety, and reliability are the major 
components of mission assurance.  Although these three terms are often used interchangeably they have 
different meanings.  Quality as used in this Standard is the ability of a product to meet the workmanship 
criteria established by an organization.  A different, but often used, definition of quality: Quality is the set 
of all desired attributes that can be put in a product.  In this sense, quality cannot be achieved without 
achieving the desired safety. Safety is the freedom from those conditions that can cause death, injury, 
occupational illness, or damage to or loss of equipment or property, or damage to the environment.  
Reliability is the ability of a product or system to perform its intended function(s) for a specified time or 
operating cycles.  A high-quality product may not be a high-safety or high-reliability product even though it 
conforms to stringent workmanship specifications.  The ISO 9000 series standards that establish the 
ability of an organization to consistently produce high-quality products do not necessarily establish that 
same organization’s ability to consistently deliver high-safety and high-reliability products.  Consequently, 
the ISO 9000 series certification process, which serves as the main international reference for Quality 
Program requirements in business-to-business dealings, is not the appropriate reference for international 
or domestic safety, reliability, and quality assurance program (SR&QA) requirements.  More suitable 
references are the AIAA S-102 Mission Assurance standards, which provide a uniform framework for 
performing Safety, RAM, and QA (SR&QA) risk management in a manner which is commensurate with 
the product unit-value/safety-impact and systems engineering phase. See Annex E for an example 
categorization of various products by their respective unit-values and safety-impacts. See Annex F for an 
example matrix showing the Product FMECA process capability levels versus the product life cycle. 

This Standard establishes uniform requirements for a capability-based Product FMECA.  The principles of 
the Product FMECA as promoted in a capability-based approach can be learned from this Standard, but 
its proper use requires comprehensive planning, which includes understanding the requirement FMECA 
input and output data in the Systems Engineering Process.  What distinguishes this Standard from all 
past and present Product FMECA standards is the following: 

 it provides consistent criteria for rating the “capability” of an organization’s Product FMECA 
process to identify, analyze, and manage failure mode risks in a manner which is commensurate 
with the product’s unit-value/safety-impact and systems engineering life cycle phase. 

 for a Capability Level 3 or above FMECA process, it calls for the collection and review of existing 
lessons learned, and the generation and formal approval of new lessons learned. 

 for a Capability Level 4 or above Product FMECA process, it provides consistent criteria for rating 
the “maturity” of the Product FMECA input data. 

 for a Capability Level 4 or above Product FMECA process, it calls for the use of predefined 
mission assurance 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 of this Standard the members of the S-102 Mission Assurance Standards Working 
Group were: 

S-102 MASWG PARTICIPANT  INTEREST CATEGORY 

Tyrone Jackson General Interest 

James E. French General Interest 

Diana DeMott Practitioner 

Alazel Jackson Practitioner 

Jan Swider Producer 

Pat Branch  Producer 

Gregory E. Tarver (Observer) User 

Nathan Holt User 

 

The definitions for the S-102 MASWG participant interest categories are as follows: 

 Producer - Authorized to represent a company that is engaged in the manufacture of products 
covered by the committee. A company that contracts out operations but still retains control over 
the process. 

 User - Authorized representative of a company or organization whose primary activity causes it to 
use or employ the products, goods, or services that are affected by the standards developed by 
the particular committee. A consultant whose primary business involves representing Users is 
considered to be in this category). 

 Practitioner – Subject matter expert of one or more mission assurance processes. 
 General Interest 

The above consensus body approved this document on 28 April 2015. 

The AIAA Standards Executive Council (VP-Standards Laura McGill, Chairman) accepted this document 
for publication on 24 July 2015. 

The AIAA Standards Procedures dictates that all approved 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 publication 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 patents that may apply to the subject matter. Prospective users 
of the publications are responsible for protecting themselves against liability for infringement of patents or 
copyright or both. 
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 calculation of a quantified Criticality Number (Cm) for each failure mode; 

 development of a qualified or a quantified detection success probability for each failure mode of a 
repairable system; 

 application of Critical Item (CI) selection criteria and evaluation of failure mode mitigation 
approaches for each CI; 

 development, documentation, and distribution of the Product FMECA Report. 

The elements of failure mode identification are shown in Figure 1 and the elements of failure probability 
estimation are shown in Figure 2. These elements shall be included in the FMECA process as required. 
 
1.2 Application 

This Standard applies to acquisitions for the design, development, fabrication, test, and operation of 
commercial, civil, and military systems, equipment, and associated computer programs.  This Standard 
provides a consistent approach for rating an organization’s Product FMECA process capability by 
applying a five-level set of criteria.  These criteria are based on performing a logical sequence of activities 
that improves the accuracy and comprehensiveness of the Product FMECA as the product advances 
through its life cycle in phases.  Organizations may evaluate their existing Product FMECA processes 
against the criteria in Annex B to identify the additional features needed to achieve a target process 
capability level. 

This Standard also applies to the integration of the Product FMECA/Hazards Analysis database with a 
Project Mission Assurance Database System.  However, specification of this Standard shall not be 
construed as a requirement for the contractor to use a particular computer-aided design (CAD) system.  
Rather, contractors shall use the computerized tools of their choosing, given that those tools are validated 
to process input data and generate output data in formats that are compatible with the data definitions in 
this Standard. 
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FIGURE 2: ELEMENTS OF FAILURE PROBABILITY ESTIMATION.  

 

Stress & Damage 
Simulation Data 
Hazard Rates 

Failure Estimation 
Probability 

Field Data 
Hazard Rates 

Test Data 
Hazard Rates 

Handbook Data 
Failure Rates 

Software 
Component 

Failure Rates 

Detectability 
Analysis 

Mechanical 
Reliability 

Predictions 

Finite Element 
Analysis  

Human Error 
Predictions 

C
opyright A

m
erican Institute of A

eronautics and A
stronautics 

P
rovided by IH

S
 M

arkit under license w
ith A

IA
A

 
Licensee=

/, U
ser=

, 
N

ot for R
esale, 

N
o reproduction or netw

orking perm
itted w

ithout license from
 IH

S

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full docum
ent details: A

IA
A

 S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015


 

2 App

2.1 Nor

The follow
proposal f

1)  AIAA S

2) AIAA S

3) AIAA S

4) AIAA S

5) AIAA S

6) AIAA S

7) SEA-G

8) SEA-G

9) SEA-TA

10) SAE T

 

2.2 Oth

This Stan
identified 
processes
assessme
indenture 

                

1 Assessm
ranking of

licable D

rmative AIA

wing referenc
form a part of

Standard S-10

Standard S-10

Standard S-10

Standard S-10

Standard S-10

Standard S-10

EIA-STD-000

EIA-HB-0007

A-HB-0007-1 

TA-STD-0017

er Referen

dard defines 
in Annex A. T
s.  The SR&
ent1, and ma
level.  

                     

ment as used 
f failure mode

ocument

AA Referen

ce documents
f this Standar

02.1.4-2009  

02.1.5-2009  

02.2.2-2009  S

02.2.5-2009   

02.2.11-2009 

02.2.18-2009 

07  

7  

 

7 

nces 

requirements
There are dom

&QA standard
anagement of

                 

here includes
e risks. 

ts 

nces 

s of the issue
rd to the exten

Failure Repo
Requiremen

Failure Revie

System Reliab

 Sneak Circu

  Anomaly De

  Fault Tree A

 Logistics Pro

 Logistics Pro

 Logistics Pro

Product Supp

s for a capabi
mestic and in
ds define the
f failure mod

s qualification

e in effect on 
nt specified: 

orting, Analys
nts 

ew Board Req

bility Modeling

uit Analysis Re

etection and R

Analysis Requ

oduct Data 

oduct Data Ha

oduct Data Re

port Analysis

lity-based FM
ternational st
 activities an
e risk for ite

n and quantifi

the date on 

sis and Corre

quirements

g Requireme

equirements

Response Ana

uirements 

andbook 

eports 

MECA, which 
tandards that 
nd data prod
ems from the

cation, and n

ANSIAIA

invitation for

ctive Action S

 

nts 

alysis Require

is one of 38 S
t address mos
ucts that aid

e lowest to th

umerical eva

AA S-102.2.4

r bid or reque

System (FRAC

ements 

SR&QA proc
st of these SR
d the identific
he highest sy

luation and 

-2015 

5 

est for 

CAS) 

esses 
R&QA 
cation, 
ystem 

Copyright American Institute of Aeronautics and Astronautics 
Provided by IHS Markit under license with AIAA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AIAA S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015


ANSI/AIAA S-102.2.4-2015 

6 

 

3 Vocabulary 

3.1 Acronyms and Abbreviated Terms 

CA Criticality Analysis 

CI Critical Item 

Cm Criticality Number 

EMC Electromagnetic Compatibility 

EMI  Electromagnetic Interference 

FMEA Failure Mode and Effects Analysis  

FMECA Failure Mode, Effects, and Criticality Analysis 

H/W Hardware 

ILS  Integrated Logistics Support 

PMP  Parts, Materials and Processes 

QA  Quality Assurance 

R&M Reliability and Maintainability 

SPFM Single Point Failure Mode 

SE Systems Engineering 

SR&QA Safety, Reliability & Quality Assurance 

S/W Software 

3.2 Terms and Definitions 

acquisition activity 
activity (Government, contractor, or subcontractor) that levies Product FMECA requirements on another 
activity through a contract or other document 

ambiguity group 
set of components that, if considered potentially faulty, does not give a unique solution in fault location 

baseline practice 
minimum set of activities that constitute an AIAA S-102 Capability Level 1 RAM practice 

capability level growth 
improvement in the ability of a task to support the systems engineering objectives due to an increase in 
resources, engineering data processed, or number of other tasks supported 

capability-based Mission Assurance Program 
concept of a coordinated effort among the project domains of safety, R&M, and quality assurance to  
assess and control product deficiency risk at one of five predefined capability levels 
 

NOTE:   Same as a capability-based SR&QA Program 

  
capability-based SR&QA Program 
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hazard 
A hazard consists of a source of the problem, a mechanism that triggers the event, and an outcome 
which is the result.  It is a condition that is prerequisite to a mishap and a contributor to the effects of the 
mishap 
NOTE: A single point failure mode (SPFM) item is a hazard with respect to its potential to lead directly to loss of a 
safety-critical or mission-critical system function. 

FMEA record  
the full description a single failure mode. 
 

FMECA worksheet 
A documented that describes the failure modes and their effects, root causes, detection methods,  
severity categories, likelihood categories, criticality numbers, detection risk priority numbers, and 
compensation methods of an item  

independent verification 
provision of sufficient information for an organization or individual to obtain the same results as the 
analysts when redoing the analysis 

inherent failure mode 
result of characteristic weaknesses related to specified design and materials of an item 

method 
a formal, well-documented approach for accomplishing a task, activity, or process step governed by 
decision rules to provide a description of the form or representation of the outputs, i.e. a procedure  

mishap 
an unplanned event or series of events resulting in death, injury, occupational illness, or damage to or 
loss of equipment or property, or damage to the environment 

mission 
the purpose and functions of the space system (sensors, transponders, boosters, experiments, etc.) throughout its 
expected operational lifetime, and controlled reentry or disposal orbit time period.  A space system may have several 
missions (e.g., primary mission, ancillary mission, and safety mission) 

mission assurance  
that part of Systems Engineering (SE) that focuses on identifying, evaluating, and mitigating or controlling 
existing and potential deficiencies that pose a threat to system safety or mission success, throughout the 
system’s useful life and post-life disposal 

NOTE:  Deficiencies include damaging-threatening hazards, mission-impacting failures, and system 
performance anomalies that result from unverified requirements, optimistic assumptions, unplanned 
activities, ambiguous procedures, undesired environmental conditions, latent physical faults, 
inappropriate corrective actions, and operator errors. 

non-credible failure mode or hazard 
a failure mode or hazard with a probability of occurrence equal to or less than 1.0E-6, 0.000001, or one in 
a million 

NOTE:   Same as an improbable failure mode or hazard 

opportunity 
a chance to  eliminate, avoid, or reduce a negative consequence  

plan 
an approach or method to achieve an objective 

Copyright American Institute of Aeronautics and Astronautics 
Provided by IHS Markit under license with AIAA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: AIAA S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015


 

planning 
the act o
approach 

practice 
one or mo
objectives

procedur
an ordere

process-
important 

product-b
important 
specific fu

prognost
identifying

propagat

 irreversib
failures in
 

risk 
risk (hardw
(software)
the physic
conseque
 
NOTE: Ris
design mat
(WBS) and

safety 
freedom f
equipmen

safety-cr
a term ap
performan
critical pa

 safety-Im
The level 
systems, 

Note:   T
difference
success a

of developing
or method to

ore activities t
s (Ref. IEEE S

re 
ed set of spec

based lesso
information c

based lesson
information 

unctional or p

tics 
g conditions o

ting failure m

ble physical a
n one of the i

ware) the com
) the combina
cal process.  
ence if it were 

sk can be ass
turation, and p

d Integrated Ma

from those co
nt or property,

itical 
pplied to a c
nce or toleran
th, safety crit

mpact 
of safety ris

caused by a s

his definition 
e being, the a
assurance, no

 a problem 
o achieve eac

that use spec
Standard 162

ific activities t

n learned 
created, docu

n learned 
created, doc
hysical descr

or clues that in

mode 

and/or functio
nterfacing un

mbination of t
ation of the se
It is a future e
to occur  

ociated with a
erformance ag

aster Schedule

onditions that 
, or damage t

ondition, eve
nce is essenti
ical compone

k to the envir
system or end

is similar to 
assessment o
ot by system s

description, 
h objective  

cified inputs to
4-2008) 

that define a 

mented, and 

cumented, an
iptor 

ndicate immin

onal damage
nits. 

he severity of
everity of the e
event that has

all aspects of a
gainst the plan)
 (IMS). 

can cause d
o the environ

ent, operation
ial to safe sys

ent 

ronment, the 
d item when e

the definition
of risk that a 
safety engine

one or more

o develop spe

particular app

retrieved acc

nd retrieved a

nent failure pr

e that is prop

f the event an
event and the
s some uncer

a project (e.g.,
), as these asp

eath, injury, o
ment 

n, process or 
stem operatio

occupationa
employed in a

n for “Operati
system may 

eering. 

e objectives 

ecified work p

proach, i.e. a 

cording to a p

according to 

rior to its occu

pagated acros

nd the probab
e level of cont
rtainty of occu

, threat, techn
ects relate acr

occupational 

r item of who
on or use; e.g

l health of pe
an operationa

onal Safety” 
harm itself is

ANSIAIA

to solve the

products for a

method 

process or pro

a system o

urrence 

ss the interfa

bility that it wil
trol the softwa
urrence and n

ology maturity
ross the Work B

illness, or da

ose proper re
g., safety critic

ersonnel, and
al environmen

found in FI63
s addressed 

AA S-102.2.4

 problem, an

achieving spe

ocedure descr

r device life 

ace as a resu

ll occur; (2) 
are exercises

negative 

y, supplier cap
Breakdown Str

amage to or lo

ecognition, co
cal function, s

d other opera
nt. 

3-101/20-101
as part of m

-2015 

9 

nd an 

ecified 

riptor 

cycle 

ult of 

s over 

pability, 
ructure 

oss of 

ontrol, 
safety 

ational 

1. The 
ission 

Copyright American Institute of Aeronautics and Astronautics 
Provided by IHS Markit under license with AIAA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AIAA S-102.2.4 2015

http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015
http://www.avadocuments.com/doc/aiaa-s-102-2-4-2015

