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Abstract 

This standard provides the basis for developing the performance-based Failure Reporting, Analysis & 
Corrective Action System (FRACAS) to resolve the problems and failures of individual products along with 
those of their procured elements.  The requirements for contractors, the planning and reporting needs, 
along with the analytical tools are established.  The linkage of this standard to the other standards in the 
new family of performance-based reliability and maintainability (R&M) standards is described, and a large 
number of keyword data element descriptions (DED) for use in automating the FRACAS process are 
provided. 
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Foreword 
Although the terms quality and reliability 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 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 
reliability. Reliability is the ability of a product or system to perform its intended function(s) for a specified 
time or number of operating cycles.  A high-quality product may not be a high-reliability product even 
though it conforms to stringent workmanship specifications.  The ISO 9000 series of standards that 
establish the ability of an organization to consistently produce high-quality products do not necessarily 
establish that same organizationʼs ability to consistently deliver 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 reliability program requirements.  A more suitable reference is the suite of AIAA S-102 
performance-based reliability and maintainability (R&M) standards, which provides a framework for 
quantifying and improving the performance of R&M practices. 

Annex A lists the 35 standards in the AIAA S-102 performance-based R&M standards document tree.  
These standards provide criteria for rating the capability of R&M practices, and they represent proven 
approaches for planning and implementing the product life cycle R&M Program.  The S-102 R&M 
capability-rating criteria allow organizations to: 

 specify a level of R&M Program performance, 

 plan the activities to achieve a level of R&M Program performance, 

 appraise the performance of an R&M Program or individual practice, and 

 identify the activities necessary to improve the performance of an R&M Program or individual 
practice. 

The S-102 R&M capability-rating criteria (Annex B in all S-102 standards) are intended to aid 
organizations in assuring that 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-102 Working Group, which was chartered by the AIAA 
Standards Executive Council to develop and approve the S-102 standards.  The S-102 Working Group is 
composed of R&M experts that represent the government and industry sectors affected by the S-102 
standards.  

This standard establishes uniform requirements and criteria for a performance-based FRACAS process.  
The principles of FRACAS as promoted in a performance-based approach can be learned from this 
document alone, but its proper use requires careful planning, for which the prerequisite is understanding 
associated S-102 documents and identifying the desired FRACAS data products for the systems 
engineering process.  What distinguishes this standard from all past and present FRACAS standards are 
the following. 

 It provides consistent criteria for rating the “capability” of the reliability modeling process. 

 It provides consistent criteria for rating the “maturity” of the reliability modeling data products. 

 It calls for the use of knowledge-based approaches to identify, analyze, and manage system-level to 
component-level reliability characteristics that pose unacceptable risk. 

 For a Capability Level 3 or above FRACAS process, it calls for the collection and review of existing 
lessons learned, and the generation and formal approval of new lessons learned. 
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 For a Capability Level 4 or above FRACAS process, it calls for the use of predefined R&M data 
parameters to facilitate the exchange of FRACAS data products among computer-aided analysis tools 
and other project databases. 

At the time of approval, the members of the AIAA Performance-Based Reliability & 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 
Dawson Coblin Lockheed Martin Space Systems Company 
Ari Jain Reliability Consultant 
Terry Hardy Federal Aviation Administration 

The above consensus body approved this document in June 2006. 

The AIAA Standards Executive Council (Mr. Amr ElSawy, Chairman) accepted the document for 
publication in July 2008. 

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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1 Scope 
This standard establishes uniform requirements and criteria for a performance-based Failure Reporting, 
Analysis & Corrective Action System (FRACAS).  The performance-based aspect of this standard 
requires that the organizationʼs FRACAS capability be rated according to predetermined criteria for 
process capability and data maturity.  Although it is a common industry practice for the FRACAS to 
employ automated systems that rely on computer database applications, this standard does not mandate 
any particular computer architecture for FRACAS data documentation, storage, or retrieval.   

1.1 Purpose 
The primary purpose of the FRACAS is to establish and manage a closed-loop system adequate for use 
by the project in the processing and management of hardware and software anomaly reports.  The 
baseline FRACAS assures that problems and failures occurring throughout the system lifecycle are 
properly documented and resolved.  Even the most severely tailored development project will typically 
retain a FRACAS as an element of a minimal set of project functions. 

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.  Annex B of this 
standard provides capability-rating criteria that are intended to categorize the capability of sets of 
activities commonly found in FRACAS processes.  The capability-level criteria provide the logical order of 
activities for improving the effectiveness of an existing FRACAS process in stages.  Therefore, an existing 
FRACAS process may be improved by using the FRACAS capability level criteria to develop a list of 
minimally acceptable activities that are then compared to the established set of activities within the 
existing process.  This comparison identifies the activities that need to be added to the existing FRACAS 
process.  

This standard also applies to the integration of the FRACAS database with a project R&M database 
system.  However, specification of this standard should not require the contractor to use a specific 
computerized tool, such as a commercial computer-aided design (CAD) system.  Rather, the FRACAS 
database should be implemented using the computerized tools of the contractorʼs choosing given that 
those tools are validated to process input data and generate output data that are compatible with the data 
definitions in this standard. 

2 Applicable Documents 
2.1 Normative References 
The versions of the following reference documents of the issue in effect on the date of invitation for bid or 
request for proposal form a part of this standard to the extent required: 

1) AIAA S-102 (Draft)                   Performance-Based R&M Program General Requirements 

AIAA S-102.1 Performance-Based R&M Management  

2) AIAA S-102.1.1 (Draft)  R&M Program Planning Requirements 

3) AIAA S-102.1.2 (Draft) Subcontractor and Supplier Monitoring and Control Requirements 

4) AIAA S-102.1.3 (Draft) R&M Program Working Groups and Review Requirements 

5) AIAA S-102.1.5 Failure Review Board Requirements 

6) AIAA S-102.1.6 (Draft) R&M Criticality Item Risk Management Requirements 

7)  AIAA S-102.1.7 (Draft) Project R&M Database System Requirements 
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AIAA S-102.2Performance-Based R&M Engineering and Analysis  

8) AIAA S-102.2.1 (Draft) Functional Dependency and Architectural Modeling Requirements 

9) AIAA S-102.2.2 System Reliability Modeling Requirements 

10) AIAA S-102.2.3 (Draft) Component Reliability Predictions Requirements 

11) AIAA S-102.2.4 Product Failure Mode, Effects and Criticality Analysis Requirements 

12) AIAA S-102.2.5 (Draft) Sneak Circuit Analysis Requirements 

13) AIAA S-102.2.6 (Draft) Design Concern and Drawing Error Analysis Requirements 

14) AIAA S-102.2.7 (Draft) Parts Stress Derating Analysis Requirements 

15) AIAA S-102.2.8 (Draft) Worst Case Analysis Requirements 

16) AIAA S-102.2.11 Anomaly Detection and Response Analysis Requirements 

17) AIAA S-102.2.12 (Draft) Maintainability Predictions Requirements 

18) AIAA S-102.2.14 (Draft) Hazards Analysis Requirements 

19) AIAA S-102.2.15 (Draft) Software Reliability Predictions Requirements 

20) AIAA S-102.2.16 (Draft) Process Failure Mode, Effects and Criticality Analysis Requirements 

21) AIAA S-102-2.21 (Draft) Parts Engineering and Analysis Requirements 

22) AIAA S-102-2.22 (Draft) Stress and Damage Simulation Analysis Requirements 

AIAA S-102.3 Performance-Based R&M Testing  

23) AIAA S-102.3.1 (Draft) Environmental Stress Screening Requirements 

24) AIAA S-102-3.4 (Draft) Reliability Life Testing Requirements 

25) AIAA S-102-3.5 (Draft) Design of Experiments Requirements  

2.2 Relationship To Other S-102 Standards   
This standard is one of 35 standards in the AIAA S-102 Standards Document Tree. S-102 standards 
define rated sets of activities that aid the identification, assessment1, and management of R&M risks for 
high unit-value systems.  For S-102 standards, the Performance-Based R&M Program is defined as the 
set of activities that address product R&M risk factors at one or more predetermined capability levels.  In 
the schema for the S-102 Performance-Based R&M Program (see AIAA S-102.1.1 (Draft)), the FRACAS 
supports several R&M processes.  Accordingly, this standard identifies the FRACAS data products that 
are inputs for performance-based R&M practices defined by the following S-102 standards:

                                                        
 
1 Assessment as used here includes qualification and quantification, and numerical evaluation and 
ranking of R&M risks. 

AIAA S-102.1.7 (Draft) 
AIAA S-102.2.1 (Draft) 
AIAA S-102.2.4 
AIAA S-102.2.6 (Draft) 
AIAA S-102.2.9 (Draft) 

AIAA S-102.2.12 (Draft) 
AIAA S-102.2.13 (Draft) 
AIAA S-102.2.14 (Draft) 
AIAA S-102.2.20 (Draft) 
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Also, this standard identifies the FRACAS inputs that are data products of performance-based R&M 
practices defined by the following S-102 standards:

AIAA S-102.1.6 (Draft) 
AIAA S-102.2.2 
AIAA S-102.2.3 (Draft)  
AIAA S-102.2.4 
AIAA S-102.2.5 (Draft)  
AIAA S-102.2.7 (Draft) 

AIAA S-102.2.8 (Draft) 
AIAA S-102.2.15 (Draft) 
AIAA S-102.2.16 (Draft)  
AIAA S-102.2.21 (Draft)  
AIAA S-102.2.22 (Draft) 
AIAA S-102.3.2 (Draft). 

3 Vocabulary 
3.1 Acronyms and Abbreviated Terms 

LLAA Lessons Learned Approval Authority 

PMP Parts, Materials and Processes 

QA Quality Assurance 

RDGT Reliability Development Growth Testing 

SPFM Single Point Failure Mode 

 

3.2 Terms and Definitions 
The meanings of terms not defined herein are in accordance with the definitions in Reference 1. 

anomaly 
apparent problem or failure affecting configured product, process, or support equipment/facilities that is 
detected during product verification or operation 

NOTE Anomalies are distinguished from discrepancies — product defects that do not violate project 
requirements — that may or may not be documented in the FRACAS. If an anomaly is verified as a 
legitimate problem or failure, then it becomes subject to the analysis and corrective action requirements of 
this standard. 

acquisition activity 
activity (government, contractor, or subcontractor) that levies R&M requirements on another activity 
through a contract or other document 

contributing cause 
cause that provides additional reasons, but not necessarily the most fundamental reason, that an event 
has occurred 

capability level 
measure of the ability of an R&M practice, as specified by a set of activities, to address the pertinent R&M 
needs of a systems engineering process 

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 

corrective action 
formal, documented action taken in response to a verified anomaly, or a series of anomalies, that is 
intended to (1) repair the defect or (2) reduce the likelihood of a recurrence or lessen its impact on the 
project 
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failure 
termination of the ability of a functional unit to perform its required function 

NOTE: A fault, if encountered, may cause a failure. 

failure mode 
consequence of the mechanism through which a failure occurs, or the manner by which a failure is 
observed 

fault2 
(1) [Software Reliability] a manifestation of an error in software; (2) [Hardware Reliability] any undesired 
state of a component or system; (3) [Components] a defect or flaw in a hardware or software component 
NOTE 1 A fault may cause a failure. 

NOTE 2 A fault does not necessarily require failure. 

maturity level 
measure of the degree of accuracy of a data product, as developed using a specified set of input data, in 
relation to what is considered the best achievable results 

mission assurance  
a top-down, comprehensive, risk management process that is performed over the life cycle of a high unit-
value system to identify, evaluate, and mitigate or control all potential hazards and failures that pose an 
unacceptable risk to mission success. 

NOTE Potential, damaging-threatening hazards and mission-impacting failures may be caused 
by requirements, developmental activities, handling methods, environmental conditions, physical 
interactions, functional characteristics, or operator actions. 

performance-based R&M program 
a set of activities that address product R&M risk factors at one or more predetermined capability levels 

proximate cause 
immediate or effective cause of an event, though not necessarily the cause closest in time to the event.  

root cause 
most fundamental reason an event has occurred 

root cause analysis 
systematic investigation of the circumstances and factors leading to an event for the purpose of 
identifying the most fundamental cause 

tailoring 
process by which the individual requirements (tasks, sections, paragraphs, words, phrases, or sentences) 
of a standard are evaluated to determine the extent to which each requirement is most suited for a 
specific system acquisition and the modification of these requirements, where necessary, to ensure that 
each tailored document invokes only the minimum needs of the customer 

timely 
performance of a task, subtask, or effort when planning and execution results in the output being provided 
with sufficient time for management, if need be, to identify and implement cost-effective action 

EXAMPLE action that avoids or minimizes schedule delays and cost increases) for achieving, 
preserving, or verifying system R&M requirements 

                                                        
 
2 Definition source: IEEE 100, The Authoritative Dictionary of IEEE Standards Terms 
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validation 
the act of determining that a product or process, as constituted, will fulfill its desired purpose  

verification 
the process of assuring that a product or process, as constituted, complies with the requirements 
specified for it   

4 General Requirements 

4.1 Contractor Responsibility 
The contractor shall provide the necessary training and tools to allow the FRACAS process to be cost-
effectively applied as needed in a project.  The contractor shall maintain, and shall require subcontractors 
to maintain, a closed loop FRACAS as required by this standard.  Data from the subcontractorʼs FRACAS 
shall be integrated into the contractorʼs FRACAS.  Procedures developed to implement this task shall be 
integrated and coordinated with procedures developed for handling nonconforming items and corrective 
action under the Quality Assurance Program in the project.  These requirements apply to all parties with 
system design, test, production, or operational responsibilities, including subcontractors. The FRACAS 
process shall be established and validated at the project outset. Then, beginning when power is first 
applied to the lowest level of assembly or it is subjected to configuration control (i.e., the drawings or code 
is placed under change control), whichever comes first, the contractor shall use the FRACAS process to 
document measures taken toward the early elimination of the causes of hardware and software failures 
detected at all levels of test and inspection. The process shall be maintained throughout the system life 
cycle, including the operations phase. 

At the acquisition project outset, the contractor and his subcontractors shall provide a plan governing 
FRACAS operations to the acquisition activity for review and approval.  Subject to the acquisition activity 
approved FRACAS Plan, the contractor shall document each anomaly, analyze the anomaly to identify 
the root cause, determine the appropriate corrective action, verify the adequacy of the corrective action in 
correcting the deficiency and preventing recurrence in the fielded system, track each anomaly report from 
the time it is opened to its closure, and report the status of all anomaly reports to project management3.  
This anomaly-reporting requirement applies to remote facilities and test sites as well as principal 
contractor plants.  The project anomaly records shall be accessible by all major stakeholders.  If the 
contractor intends to use an already existing function to perform the FRACAS operations, then a 
description of how the existing function will be employed to meet the acquisition activity requirements 
shall be provided for acquisition activity review and approval. 

If a Capability Level 3 or above FRACAS is required, the FRACAS shall support the efforts of the Lessons 
Learned Approval Authority (LLAA) (e.g., Lessons Learned Committee) to identify, evaluate for quality, 
and prioritize lessons learned associated with failure trends, and shall assist in infusing the lessons 
learned recommendations throughout the project.  If a Capability Level 4 or above FRACAS is required, 
the FRACAS data products shall be prefaced with one or more of the keyword data element descriptions 
(DED) listed in Annex C.    

The contractorʼs FRACAS shall contain a suspense audit system including assignment of suspense dates 
for failure analysis, corrective actions, and follow-up when suspense dates are not met.  Delinquencies 
shall be reported to the project management and addressed at project management reviews. 

4.2 Planning 
If a Capability Level 3 or above FRACAS is required, the contractor shall develop, document, approve, 
and flow down, as appropriate, the FRACAS Plan as an integral part of the R&M Program Plan.  The 

                                                        
 
3 Contractors may elect to document quality discrepancies using the FRACAS.   
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