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Summary & Purpose
Over the last several years, the plaintiffs’ bar in truck and auto litigation has been shifting its
focus from defects in the final product to theories of negligence in the development process
leading to launch of the vehicle. Negligent testing has become a more frequent allegation. In this
vein, some lawyers are digging deep into the Failure Mode and Effects Analysis (FMEA)
performed by the manufacturer. Unfortunately, some manufacturers engage in FMEA, but do it
badly, playing into this theme. A well-done and properly completed FMEA can be a strong ally
in the defense for the manufacturer in product litigation. On the other hand, a poorly done and
haphazard completion of an FMEA can be used to support the prosecution.
Vehicle manufacturers are facing shorter development times and challenging cost concerns.
Regulatory bodies and customers are demanding and expecting absolute safety and much higher
reliability than ever before. The focus for our clients is shifting more and more to problem
prevention, anticipating the factors that lead to failure and ensuring systems, designs and
manufacturing processes are robust enough to avoid these problems in the first place. In order to
meet these objectives, companies are increasingly turning to FMEA. FMEA can anticipate and
prevent problems, reduce costs, shorten product development times, and achieve safe and highly
reliable products and processes. This, in turn, leads to higher customer satisfaction and lower
warranty costs.
The plain truth is FMEA has the potential to be a very powerful tool to achieve high reliability in
products and processes; and when done well, it is remarkably effective. Yet in practice, FMEA
does not always achieve the expected results. It has to be done correctly: performed on the
correct parts, by the correct team, during the correct timeframe, with the correct procedure.
FMEAs that are done incorrectly or incompletely have potential negative consequences, both to
product performance, and unfortunately, in defending litigation. The purpose of this paper is to
share an outline of the fundamental concepts for effective FMEAs, discuss how FMEA has been
used in recent litigation, and provide good practices to avoid bad evidence.
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1. THE CASE FOR FMEA
“I haven't failed; I've found ten thousand ways that don't work.” Thomas Edison

Some call it the fourth law of thermodynamics. Some call it an ancient mountaineering adage.
The most common ascription is to Murphy’s Law: “If anything can go wrong, it will.” Whatever

the source, it pays to anticipate problems and solve them before they alienate customers, or
worse, have catastrophic consequences.
Development times are becoming shorter, cost concerns more acute, and customers are
demanding and expecting absolute safety and high reliability. It may have been sufficient in the
past to focus on testing and analysis as the primary methods for ensuring high reliability. This is
no longer sufficient. The focus now needs to be on problem prevention, anticipating the factors
that lead to failure, reducing warranty costs, and ensuring products are safe and robust.
One only has to look at past news headlines to see the huge cost of product failures for
businesses.
“Despite quality improvements, costly safety issues continue to dog automakers”
(Automotive News, Oct 2013)
“Takata's airbags: An explosive problem” (Economist.com, Nov 2014)
“GM ignition-switch death claims rise . . .” (Detroit Free Press, Aug 2014)
“With Recall Expanding, Toyota Gives an Apology” (NY Times, Jan 2010)
“Massive Ford Recall to Fix Fire Hazard” (ConsumerAffairs.com, Aug 2007)
“Navistar Devises Plan to Counter EGR Gamble” (BetterRoads.com, Aug 2012)
Product recalls, in-service warranty problems, and safety issues can ruin the reputation of
companies, reduce market share, cause layoffs, damage the dealer network, erode stock value,
and even put the manufacturer out of business. They place a huge financial burden on the bottom
line. Can FMEA help to prevent product failures such as these?
The answer is a qualified “Yes.” FMEA has the potential to be a powerful tool to achieve safe
and highly reliable products; and when done well, it can be remarkably effective. However,
there’s a caveat, and it’s a big one: FMEAs have to be done correctly . . . performed on the
correct parts, by the correct team, during the correct timeframe, with the correct procedure, and
according to defined quality objectives. Because of the shortened timeline for development,
reduced resources, and at times, complacency in the engineering team, FMEA is sometimes
performed improperly or incompletely. When this happens, the goals are not reached, and the
process may actually create evidence of negligence that can be extremely damaging in litigation.

2. FMEA OVERVIEW
“Intellectuals solve problems, geniuses prevent them.” Albert Einstein

2.1 What is FMEA?
Failure Mode and Effects Analysis (FMEA) is an engineering analysis done by a crossfunctional team of subject matter experts that thoroughly analyzes product designs or
manufacturing processes early in the product development process. Its objective is finding and
correcting weaknesses before the product gets into the hands of the customer. [1]
FMEA has been around for many decades and has a long history as a method to support product
designs, manufacturing processes, service, and maintenance. There is a wide range of
applications and types of FMEAs.
By definition, FMEA is a method designed to:

 Identify and fully understand potential failure modes and their causes, and the effects of
failure on the system or end users, for a given product or process.
 Assess the risk associated with the identified failure modes, effects and causes, and
prioritize issues for corrective action.
 Identify and carry out corrective actions to address the most serious concerns.
An FMEA should be the guide to the development of a complete set of actions that will reduce
risk associated with the system, subsystem, and component or manufacturing/assembly process
to an acceptable level. [1]
Performing an FMEA just to fill a checkbox in the Product Development Process and then filing
it away, never to be seen again, is a waste of time and adds no value. If not for use as guidance
through the development process, why waste the time and resources to do it in the first place? If
effectively used throughout the product life cycle, it will result in significant improvements to
reliability, safety, quality, delivery, and cost.
2.2 FMEA objectives
The primary objective of an FMEA is to improve the design. For System FMEAs, the objective is
to improve the design of the system. For Design FMEAs, the objective is to improve the design
of the subsystem or component. For Process FMEAs, the objective is to improve the design of
the manufacturing process. [1]
There are many other objectives for doing FMEAs, such as:
 identify and prevent safety hazards
 minimize loss of product performance or performance degradation
 improve test and verification plans (in the case of System or Design FMEAs)
 improve Process Control Plans (in the case of Process FMEAs)
 consider changes to the product design or manufacturing process
 identify significant product or process characteristics
 develop Preventive Maintenance plans for in-service machinery and equipment
 develop online diagnostic techniques
2.3 Types of FMEAs
The most common types of FMEAs are System FMEA, Design FMEA and Process FMEA.
System FMEA is the highest-level analysis of an entire system, made up of various subsystems.
The focus is on system-related deficiencies, including system safety, system integration,
interfaces or interactions between subsystems or with other systems, interactions with the
surrounding environment, human interaction, service, and other issues that could cause the
overall system not to work as intended. In System FMEAs, the focus is on functions and
relationships that are unique to the system as a whole (i.e., do not exist at lower levels). Included
are failure modes associated with interfaces and interactions, in addition to considering singlepoint failures (where a single component failure can result in complete failure of the entire
system). Some practitioners separate out human interaction and service into their own respective
FMEAs. [1]
Design FMEA focuses on product design, typically at the subsystem or component level. The
focus is on design-related deficiencies, with emphasis on improving the design and ensuring
product operation is safe and reliable during the useful life of the equipment. The scope of the

Design FMEA includes the subsystem or component itself, as well as the interfaces between
adjacent components. Design FMEA usually assumes the product will be manufactured
according to specifications. [1]
Process FMEA focuses on the manufacturing or assembly process, emphasizing how the
manufacturing process can be improved to ensure that a product is built to design requirements
in a safe manner, with minimal downtime, scrap and rework. The scope of a Process FMEA can
include manufacturing and assembly operations, shipping, incoming parts, transporting of
materials, storage, conveyors, tool maintenance, and labeling. Process FMEAs most often
assume the design is sound. [1]
Failure Mode Effects and Criticality Analysis (FMECA) is similar to FMEA, with the added
step of a more formal Criticality Analysis. This added step commonly requires objective data to
support the criticality calculation. Practitioners who are required to perform a FMECA analysis
should first understand the basics of FMEA, and then learn the FMECA procedure.
Some other types of FMEAs include Concept FMEA, a short version of FMEA to aid in
selecting optimum concept alternatives or to determine changes to system design specifications;
Maintenance FMEA, in support of Reliability Centered Maintenance projects; Hazard Analysis,
which focuses on identifying and mitigating the effects of potential hazards associated with the
use of a product; and Software FMEA, which identifies system weaknesses, and evaluates the
effectiveness of the software architecture and software specifications.
2.4 Why do FMEAs?
“Wisdom consists of the anticipation of consequences.” Norman Cousins

There are a number of business reasons to implement an effective FMEA Process. When done
well, FMEA is a proven tool to reduce life cycle warranty costs, and can reduce the number of
“oops” during product development. It is far less expensive to prevent problems early in product
development than fix problems after launch. FMEAs can identify and address safety issues
before a potential catastrophe.
2.5 When should FMEAs be started and completed?
A System FMEA should be done when a new system begins development or when an existing
system will be changed sufficiently so that there are concerns about risk. It should be started as
soon as system configuration is determined and completed before system configuration freezedate.
Design FMEAs should be done at the subsystem and/or component level when new designs
begin development or when existing designs will be changed sufficiently so that there are
concerns about risk. They should be started as soon as design concept is determined and
completed before design freeze date.
A Process FMEA should be done when a new manufacturing or assembly process is being
developed or when an existing manufacturing or assembly process will be changed sufficiently
so that there are concerns about risk. It should be started as soon as the manufacturing or
assembly process is determined at the concept level, and each section of the Process FMEA
should be completed before the corresponding manufacturing or assembly process freeze date,
usually called “tooling release.”
2.6 FMEA Standards

There are many standards and guidelines published that cover the scope and general procedure
for doing FMEAs or FMECAs. Some of the more common and relevant are:
 SAE J1739, Potential Failure Mode and Effects Analysis in Design (Design FMEA),
Potential Failure Mode and Effects Analysis in Manufacturing and Assembly Processes
(Process FMEA) [2009] [2]
 AIAG, Potential Failure Mode and Effects Analysis (FMEA) Reference Manual Fourth
Edition [2008] [3]
 MIL-STD-1629A, Procedures for Performing a Failure Mode Effects and Criticality
Analysis (Cited for cancelation in 1994, but still used in some military and other
applications) [4]
 SAE ARP5580, Recommended Failure Modes and Effects Analysis (FMEA) Practices for
Non-Automobile Applications [2001]
 IEC 60812, Analysis techniques for system reliability – Procedure for failure mode and
effects analysis (FMEA) [2006]
In the automotive industry, SAE J1739:2009 [2] and AIAG: fourth edition [3] are the most
common standards or reference manuals.
The specific FMEA publication that is used by a company is either mandated by customer, or
determined by company management. Once determined, the FMEA publication should be
understood by all FMEA practitioners and followed faithfully.
2.7 FMEA Success Factors
Six broad success factors are critical to uniformity of success in the application of FMEA in any
company. The six success factors are listed here. [1]
1.
2.
3.
4.
5.
6.

Understanding the fundamentals and procedures of FMEAs
Selecting the right FMEA projects
Preparation steps for each FMEA project
Applying lessons learned and quality objectives
Providing excellent facilitation
Implementing an effective company-wide FMEA process

Implementing these FMEA success factors will help ensure FMEAs achieve safe, reliable and
economical products and processes.
2.7.1 Understanding the fundamentals and procedures of FMEAs
It is important to begin with an understanding of the basic definitions of FMEAs. Time spent
toward understanding the fundamental concepts and definitions of FMEAs will shorten the time
in meetings and help ensure high quality results. There is no substitute for having a thorough
knowledge and understanding of the FMEA definitions and concepts.
See Appendix A for a glossary of the FMEA terms that are associated with the worksheet
columns. A more complete glossary of FMEA Terms is available on the “FMEA Links and
Articles” tab of the website www.effectivefmeas.com.

See Appendix B for an example FMEA. This example is an excerpt from a fictitious Design
FMEA on a projector lamp.
2.7.2 Selecting the right FMEA projects
In many cases, FMEAs are required as part of the supplier part approval process. Where they are
not contractually required, there needs to be selection criteria to determine when to use FMEA.
Some companies attempt to perform FMEAs on all parts of entire systems. This is not
necessarily the best strategy to achieve safety and reliability objectives. FMEAs take time and
cost money. They should be done when a certain level of risk can be effectively addressed by the
FMEA procedure. New product designs can include hundreds or even thousands of subsystems
and components. Few companies have the resources to properly do FMEAs on everything. New
or modified designs usually require a System FMEA. Lower level FMEA projects can be
identified based on well-defined selection criteria.
Selection criteria such as new technology, new applications of existing technology, history of
significant field problems, potential for safety issues, supplier capability and other criteria can
help to determine when FMEA is needed during product development. [1]
2.7.3 Preparation steps for each FMEA project
Proper preparation is essential to success in any FMEA project. FMEA preparation includes the
following steps:
1. Determine the scope of the analysis
2. Make the scope visible (for System and Design FMEAs):
 FMEA Block Diagram (usually required)
 Parameter Diagram (optional)
 FMEA Interface Matrix (optional)
 Functional Block Diagram (optional)
3. Make the scope visible (for Process FMEAs):
 Process Flow Diagram (usually required)
 Process Flow Diagram Worksheet (optional)
4. Assemble the correct team
5. Establish the ground rules and assumptions
6. Establish the role of suppliers
7. Gather and review relevant information
Each of these steps is described in detail in chapter five of Effective FMEAs. Checklists for the
“Gather Information” step can be found (and downloaded) on www.effectivefmeas.com.
2.7.4 Applying lessons learned and quality objectives
Much is learned by observing the mistakes companies have made in doing FMEAs. Based on the
experience of over two thousand FMEAs and working with many companies in a wide variety of
industries and applications, certain common mistakes show up repeatedly.
Section 3, “EVALUATING THE QUALITY AND VALUE OF FMEAs” (along with the
corresponding Appendix C) outlines the most common FMEA mistakes, and how to evaluate
FMEAs based on defined quality objectives.
2.7.5 Providing excellent facilitation

One of the main factors for successful application of FMEAs is proper facilitation of the FMEA
process, including FMEA team meetings. The skills associated with excellent facilitation are
different from the skills associated with participating in FMEAs as a team member.
2.7.6 Implementing an effective company-wide FMEA process
FMEA teams require vigorous support from management with specific strategies and reviews. In
order to be fully effective, FMEAs require an infrastructure and coordinated approach from
many different departments and organizational functions. The importance of broad support from
management in implementing an effective FMEA process cannot be overstated. The specific
roles and responsibilities of management should be defined and implemented.
2.8 FMEA Roadmap
Figure 1 shows the high-level steps to accomplishing FMEAs:

Figure 1

2.9 Integration of FMEA with quality and reliability tools
FMEA is one tool within the family of quality and reliability tools. FMEA integrates with the
bodies of knowledge called Design for Reliability (DFR) and Design for Six Sigma (DFSS).
Although FMEA can provide value as a stand-alone tool, the value increases when properly
linked to the other DFR and DFSS tools.
2.10 Risk assessment

Three types of risk can be evaluated in an FMEA.
“Severity” risk evaluates the seriousness of the consequence of the potential failure.
“Occurrence” risk evaluates how often the potential failure/cause is likely to occur.
“Detection” risk evaluates how likely the existing controls will detect the potential problem
before it gets to the customer.
FMEA involves a numerical characterization of this risk. In the vehicle engineering industry, this
numerical characterization is called “Risk Priority Number” (RPN).
By definition, RPN is a numerical ranking of the risk of each potential failure mode/cause, made
up of the arithmetic product of the three elements: severity of the effect, likelihood of occurrence
of the potential failure/cause, and likelihood of detection of the potential failure/cause.
In the motor vehicle industry, severity, occurrence and detection are assessed on a scale of 1 to
10. The resulting RPN can range from 1 to 1000.
RPN has limitations and is not a perfect representation of the risk associated with a failure mode
and associated cause. Practitioners who use RPN should be aware of the inherent limitations and
take measures to be sure product and process risks are fully understood, with risk reduced to an
acceptable level.
Examples of limitations to RPN include: [1]
1.
2.
3.
4.

It is subjective, not objective
The potential values of RPN are not continuous
The Detection scale has its own limitations
There are many duplicate RPN values, representing different combinations of severity,
occurrence and detection rankings
5. The practice of using RPN thresholds is not advised.
When RPN is used, high severity must be considered regardless of RPN value.
Some companies use alternatives to RPN, such as severity and occurrence. For example,
FMECA (FMEA, with the added step of Criticality Analysis) uses severity and occurrence risk
rankings as input to the criticality risk, without the use of a detection risk ranking.
When severity and occurrence risk rankings are used by themselves, care must be taken to
understand potential risk due to inability to detect failure modes and their causes, and properly
characterize and address this risk.

3. EVALUATING THE QUALITY AND VALUE OF FMEAs
“Experience is the name everyone gives to their mistakes.” Oscar Wilde

3.1 FMEA quality objectives
FMEAs can be evaluated based on defined quality objectives. (See Table 1 “FMEA Quality
Objectives”).
What are the primary ways that FMEAs can be done wrongly (mistakes made)? What are the
leading factors that make for effective FMEAs (quality objectives)?
Table 1 summarizes the FMEA Quality Objectives.

See Appendix C “How to evaluate FMEAs based on quality objectives” for a listing of the ten
most common FMEA mistakes, the corresponding FMEA quality objectives, a summary of how
to evaluate FMEAs using FMEA quality objectives, and a discussion of the potential legal
considerations if the quality objectives are not met.

Table 1 FMEA Quality Objectives [1]
3.2 FMEA and management support
In order to be fully effective, FMEAs require an infrastructure and coordinated approach from
many different departments and organizational functions. Support from management is essential
to the success of FMEA implementation in any company. This support includes providing
agreement on FMEA strategy, support needed resources, implement an effective FMEA training
program, defining roles and responsibilities for FMEA participants, provide reviews of high-risk
failure modes, supporting attendance of expert FMEA team members, and helping to ensure
FMEAs are fully executed.
3.3 Additional FMEA considerations
Every product fails (eventually), the question is whether a failure is within reasonable boundaries
given design requirements and anticipated customer usage.

FMEA entries should focus on areas of concern to at least one member of a properly constituted
FMEA team.
Beware of using Risk Priority Number (RPN) as the sole metric to prioritize risk. High-severity
issues, even with low frequency can be high risk. See “Note” next to the Projector Lamp FMEA
in Appendix B.
When evaluating FMEAs, it is important to talk with the FMEA team, in addition to reviewing
FMEA documents. The FMEA team will have insight into the rationale behind the written
FMEA verbiage.

4. HOW FMEA HAS BEEN USED IN RECENT LITIGATION
“People only see what they are prepared to see.” Ralph Waldo Emerson

Case Study One
In this litigation, the plaintiff claimed that OEM knew about a significant vehicle design defect in
the fuel system that caused a fire and the death of a passenger. Plaintiff used defendant’s FMEAs
as evidence of this knowledge. The FMEAs were examined by plaintiff expert witness, with
more than three dozen specific claims involving FMEA shortcomings, including claims that the
FMEA demonstrated prior knowledge of the fuel system defect. The preliminary report by the
defense expert witness, Carl Carlson, addressed each FMEA-related claim made by plaintiff, first
by citing the underlying FMEA principle that covered the scope of the claim, followed by
evaluating the technical correctness of each individual claim compared to FMEA principles.
Some of the claims were based on outdated FMEA standards and others were shown to be
incorrect, based on analysis of FMEA fundamentals. The result of the critical evaluation of
plaintiff’s FMEA claims was that the defense was able to say it would be incorrect to conclude
from any aspect of the DFMEAs that the fuel system of the subject vehicle was defective. This
matter was resolved before trial.
Lessons Learned
Claims made about the technical correctness of automotive FMEAs must be based on current
(not outdated) reference manuals or standards that focus on automotive applications, as well as a
proper understanding of FMEA fundamentals. Properly evaluating FMEAs requires a high level
of familiarity with the wide range of FMEA literature, as well as significant FMEA application
experience.
Case Study Two
Plaintiffs claim design deficiency in complex vehicle system including the car’s ignition switch.
Plaintiff’s experts Glen Stevick and Steve Loudon urge that the OEM “wrote the book on
FMEA” during the 70s, and yet performed inadequate FMEAs decades later. Although the OEM
performed FMEA on each component and each system, it failed to perform a comprehensive
FMEA on interrelated systems. For instance, the manufacturer performed separate FMEAs on
the ignition switch, on the power steering, on the air bag, and on the pre-tensioners, but not on
the systems as they relate to each other. So when the design engineer reduced the torque on the
ignition switch for touch/feel concerns, he did not consider the effect that may have on the
dependent systems. Plaintiff’s expert also insisted that when claims arose that the airbag was
inexplicably not deploying, the investigators should have performed their own FMEA or had
access to an integrated DFMEA, facilitating a root cause finding and expediting a design change.

Defense expert, Tom Livernois, contended, among other things, that the defendant performed
proper safety system FMEAs, and that once a problem is discovered, it is too easy to use
hindsight and claim it should have been found during development. He cites to SAE J1739,
which describes FMEA as giving structure to the thought process engineers use, and is not
intended to foresee every possible risk. It is dependent on historical knowledge and engineering
judgment.
Lessons Learned
Reference the following excerpt from the definition of System FMEA in paragraph 2.3 Types of
FMEAs. “System FMEA is the highest-level analysis of an entire system, made up of various
subsystems. The focus is on system-related deficiencies, including system safety, system
integration, interfaces or interactions between subsystems or with other systems . . .” Failure to
perform a proper System FMEA can lead to unresolved system integration and interface issues.
While FMEA is an essential tool in the design process, it enables Plaintiffs to argue that the tool
promises that it will illuminate every possible risk that may arise. This, combined with the luxury
of hindsight, creates a distinct advantage for Plaintiffs when a problem is missed.
Case Study Three
Plaintiff claims that an electrical connector failed, causing the airbag to not deploy, resulting in
the death of the driver. Because the OEM produced no documents reflecting FMEA, Plaintiff’s
counsel argued and Geoff Mahon, Plaintiff’s expert, opined that the OEM performed no FMEA.
Mr. Mahon went on to make the claim that had the supplier used FMEA, or had the manufacturer
required the supplier to use FMEA, the defect would never have been placed into the stream of
commerce. Defense counsel objected to an actual FMEA being presented to show what
defendant should have done, but the judge allowed examination and testimony about FMEA
process. Mr. Mahon went on to opine that the safer alternative design was one that included
FMEA and design validation. This was not actually an alternative design, but rather an
alternative design process. The jury returned a seven-figure verdict.
Lessons Learned
Absence of properly performed FMEAs leaves an OEM open to claims of improper FMEA
process. At that point, plaintiffs can make “what if” conjectures that are difficult to defend.
FMEAs not only highlight potential risk, they also create evidence of knowledge of those risks.
It is essential that the OEM examine the results of the analysis, and act on them. Either design
out the risk, or document a thorough analysis and explanation why a modification was not
adopted. If this final step is not taken, the analysis imputes knowledge, and may support a gross
negligence finding.

5. GOOD PRACTICES TO AVOID BAD EVIDENCE
“The desire to know is natural to good men.” Leonardo da Vinci

FMEA is one of the most important engineering tools to help ensure product designs and
manufacturing operations are safe and reliable. When it is needed, FMEA should be performed
according to published standards and done in a technically correct manner.

By FMEA definition, the cause of a failure mode is a design or manufacturing deficiency.
FMEAs can identify design or manufacturing deficiencies and recommend actions to correct the
deficiencies.
5.1 Scenarios involving FMEAs, including potential legal consequences
Scenario One
An FMEA is done properly and no significant design deficiencies are identified. No legal
consequences should result from the FMEA.
Scenario Two
An FMEA is done properly and design deficiencies identified, with risk fully addressed. There
should be no legal consequences resulting from the FMEA.
Scenario Three
An FMEA is done improperly and no design deficiencies are identified. A claim can be made
that design deficiencies were possibly missed due to incorrect FMEA procedure.
Scenario Four
An FMEA is completed and design deficiencies identified. However, the risk from the design
deficiencies is not fully addressed. A claim can be made that the company knew of deficiencies
in design or manufacturing process and did not take adequate action to address the associated
risk.
5.2 Was FMEA done properly?
Note that in all of these scenarios, in order to determine if a given FMEA can provide insight
into legal consequences, it is necessary to evaluate whether or not the FMEA was done properly.
Detailed FMEA evaluation techniques are discussed in section three of this paper and Appendix
C.
At a high level, FMEA evaluation considers the following: Does the FMEA conform to the
current version of the published standard? Does the FMEA meet quality objectives? Is risk
reduced to an acceptable level?
5.3 Can you Anticipate Everything?
The question is sometimes asked: if an FMEA is done during product development, and a failure
occurs in the field after product launch, does this automatically mean the FMEA was deficient?
There is much debate about what a subsequent field failure says about the efficacy of the
associated FMEA. Plaintiffs will claim that the FMEA was deficient. Defense will counter that
FMEAs and other quality and reliability tools cannot anticipate every conceivable failure. What
is the truth of the matter?
Here’s our view: No amount of skill will anticipate and prevent every conceivable problem and
risk. In theory, a properly constituted FMEA team, using proper FMEA procedure should be able
to anticipate problems and recommend design or test improvements to reduce risk to an
acceptable level. However, it is not impossible for something to be missed. This why it is a good
practice for FMEA to be performed as part of a comprehensive reliability program. If an FMEA
misses something, it can be caught in reliability testing, fault tree analysis or some other method.
In practice, even properly done FMEAs cannot anticipate every possible use (or abuse) of the

product, and stuff happens. Whether a given FMEA was remiss requires skilled analysis of the
FMEA by a qualified FMEA expert, on a case-by-case basis.
Additionally, it is correct FMEA procedure for an FMEA team to consider past field failures for
similar products as input to a new FMEA. The team considers whether the field failure can occur
in the new design and recommends action to ensure this does not occur.
5.4 Legal guidelines for doing FMEAs
FMEAs should follow procedures that are consistent with legal guidelines. The following is an
excerpt from chapter 6, section 5.2.5 of the book Effective FMEAs, published by John Wiley &
Sons. [1]
It is important for the FMEA team to understand that FMEAs are legal documents that
support the demonstration of due care in product development. As legal documents, they
are subject to subpoena for legal proceedings. The FMEA team members should
familiarize themselves with and adhere to any relevant company guidelines regarding
legal documentation, and closely follow advises from company legal representatives.
They should also follow common sense principles, such as:
1. All FMEA database entries should be factual and absent of emotional words or
exhortations.
2. All FMEA database entries that state an action will be taken to address a problem
should be closed out with a corresponding entry saying what specifically was done,
leaving no “open loops.”
3. All FMEA database entries should be detailed and specific enough so that anyone
who is not part of the FMEA team can read the entry and understand the meaning and
context.
4. The FMEA team should never omit raising an issue or addressing a problem because
it does not have an immediate solution or out of concern for legal ramifications. If
there are important concerns that are legal in nature, the team should discuss these
issues with management and company legal representatives.
5. FMEA teams should continue the FMEA project until an acceptable level of risk is
reached.
6. Safety issues are always the highest priority, regardless of likelihood of occurrence.
No FMEA is complete unless the FMEA team is satisfied that there are no
unaddressed safety related issues within the scope of the FMEA project.
7. When entering information into the FMEA database, care should be taken to
characterize concerns as “potential” or “possible” when appropriate, unless the team
is certain the issue will occur. One example is entering an effect that has a possibility
of injury. Here it is appropriate to say “with the possibility of injury” rather than
saying “will result in injury.”
As can be seen from this excerpt, it is important for FMEAs to follow reasonable guidelines for
accuracy and completeness. Failure to do so could expose manufacturers to claim of negligent
design process, and the potential for bad evidence in future legal proceedings. More worrisome,
however, is if the manufacturer performs FMEA to “check the box” and does not use it to create

a robust design. Most worrisome is when the FMEA identifies a risk, but the design team does
not act on it or document why it chose not to act. In this scenario, FMEA creates evidence not
only of negligence, but also of knowledge, and the potential of a gross negligence finding.
Legal staff can and should encourage management to institute correct FMEA fundamentals and
procedures. Incorrect FMEAs expose companies to the shortcomings of bad designs. In addition,
it is necessary to ensure current and future FMEAs do not expose company to bad evidence, by
following common sense legal guidelines.

6. CONCLUSIONS
Specific procedures and practices distinguish high-quality FMEAs from poor-quality FMEAs.
High-quality FMEAs are consistent with published FMEA standards and reference manuals, and
meet defined quality objectives. Done correctly, FMEAs can anticipate and prevent problems,
reduce costs, shorten product development times and support the accomplishment of safe and
trouble-free products and processes. Done incorrectly, the litigation consequences can be severe.
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 SAE J1739, Potential Failure Mode and Effects Analysis in Design (Design FMEA),
Potential Failure Mode and Effects Analysis in Manufacturing and Assembly Processes
(Process FMEA) [2009]
2. Effective FMEAs: Achieving Safe, Reliable, and Economical Products and Processes
using Failure Mode and Effects Analysis, by Carl S. Carlson, published by John Wiley &
Sons, Wiley Series in Quality & Reliability Engineering, 2012
3. FMEA website with articles, links and checklists on the subject of FMEAs:
www.effectivefmeas.com
4. FMEA articles: http://www.weibull.com/hotwire/fmea_corner.htm
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Appendix A
Glossary of FMEA terms
[The following FMEA definitions are excerpted from the book Effective FMEAs, by Carl S. Carlson, published by
John Wiley & Sons, © 2012]

Item
An “item” is the focus of the FMEA project. For a System FMEA this is the system itself. For a
Design FMEA, this is the subsystem or component under analysis. For a Process FMEA, this is
usually one of the specific steps of the manufacturing or assembly process under analysis, as
represented by an operation description.
Function
A “function” is what the item or process is intended to do, usually to a given standard of
performance or requirement. For Design FMEAs, this is the primary purpose or design intent of
the item. For Process FMEAs, this is the primary purpose of the manufacturing or assembly
operation. Functions are typically described in a verb-noun format. It is essential to include the
standard of performance as part of the function statement in order to help describe the failure
mode. There can be many functions for each item or operation.
Failure Mode
A “failure mode” is the manner in which the item or operation potentially fails to meet or deliver
the intended function and associated requirements. It may include failure to perform a function
within defined limits, inadequate or poor performance of the function, intermittent performance
of a function, and/or performing an unintended or undesired function. The term “failure mode”
combines two words that both have unique meanings. The Concise Oxford English Dictionary
defines the word “failure” as the act of ceasing to function or the state of not functioning.
“Mode” is defined as a way in which something occurs.
Effect
An “effect” is the consequence of the failure on the system or end user. This can be a single
description of the effect on the top-level system and/or end user, or three levels of effects (local,
next-higher level, and end effect). For Process FMEAs, consider the effect at the manufacturing
or assembly level, as well as at the system or end user. There can be more than one effect for
each failure mode. However, typically the FMEA team will use the most serious of the end
effects for the analysis.
Severity
“Severity” is a ranking number associated with the most serious effect for a given failure mode,
based on the criteria from a severity scale. It is a relative ranking within the scope of the specific
FMEA determined without regard to the likelihood of occurrence or detection.
Cause
A “cause” is the specific reason for the failure, preferably found by asking “why” until the root
cause is determined. For Design FMEAs, the cause is the design deficiency that results in the
failure mode. For Process FMEAs, the cause is the manufacturing or assembly deficiency that
results in the failure mode. At the component level, cause should be taken to the level of failure

mechanism. If a cause occurs, the corresponding failure mode occurs. There can be many causes
for each failure mode.
Occurrence
“Occurrence” is a ranking number associated with the likelihood that the failure mode and its
associated cause will be present in the item being analyzed. For System and Design FMEAs,
consider the likelihood of occurrence during the design life of the product. For Process FMEAs
consider the likelihood of occurrence during production. It is based on the criteria from the
corresponding occurrence scale, and has a relative meaning rather than absolute value,
determined without regard to the severity or likelihood of detection.
Controls
“Controls” are the methods or actions currently planned, or already in place, to reduce or
eliminate the risk associated with each potential cause. Controls can be the methods to prevent or
detect the cause during product development, or actions to detect a problem during service
before it becomes catastrophic. There can be many controls for each cause.
For System or Design FMEAs, prevention-type design controls describe how a cause, failure
mode, or effect in the product design is prevented based on current or planned actions. They are
intended to reduce the likelihood that the problem will occur, and are used as input to the
occurrence ranking. Only those prevention-type controls that are currently planned, or are
already in place, should be entered onto the FMEA worksheet. Detection-type design controls
describe how a failure mode or cause in the product design is detected, based on current or
planned actions before the product design is released to production, and are used as input to the
detection ranking. They are intended to increase the likelihood that the problem will be detected
before it reaches the end user. Only those detection-type controls that are currently planned, or
are already in place, should be entered onto the FMEA worksheet.
For Process FMEAs, prevention-type process controls describe how a cause, failure mode or
effect in the manufacturing or assembly process is prevented, based on current or planned
actions. Detection-type process controls describe how a failure mode or cause in the
manufacturing or assembly process is detected, based on current or planned action, before the
item is shipped from the manufacturing or assembly plant, and are used as an input to the
detection ranking.
Detection
“Detection” is a ranking number associated with the best control from the list of detection-type
controls, based on the criteria from the detection scale. It considers the likelihood of detection of
the failure mode/cause, according to defined criteria. It is a relative ranking within the scope of
the specific FMEA, and is determined without regard to the severity or likelihood of occurrence.
Risk Priority Number (RPN)
“RPN” is a numerical ranking of the risk of each potential failure mode/cause, made up of the
arithmetic product of the three elements: severity of the effect, likelihood of occurrence of the
cause, and likelihood of detection of the cause.
Recommended Actions
“Recommended actions” are the tasks recommended by the FMEA team to reduce or eliminate
the risk associated with potential causes of failure. They should consider existing controls,

relative importance (prioritization) of the issue, and the cost and effectiveness of the corrective
action. There can be many recommended actions for each cause. In practice, it usually takes
more than one, and sometimes many actions to address high risk issues.
The FMEA team must adequately address all high-severity as well as high-RPN issues. Every
task the FMEA team recommends (that is different from what is already planned or in place)
shows up in the Recommended Actions column.
Completing the FMEA worksheet, “Actions Taken” is the specific action that is implemented to
reduce risk to an acceptable level. It should correlate to the specific recommended action, and is
assessed as to effectiveness by a revised severity, occurrence, detection ranking, and
corresponding revised RPN.
Figure 2 shows the logical relationship between the various elements of FMEAs.

Figure 2. The Logical Relationship Between FMEA Elements

Appendix B
Excerpt from fictitious Design FMEA on a projector lamp [1]
Note: this example FMEA has a few missing or incorrect elements that are used for teaching purposes. It is
excerpted from chapter 8 of the book Effective FMEAs.

Note: A common mistake in prioritizing corrective actions is to think that the highest RPN issue
(448) is the highest risk. As covered earlier, high severity issues should be addressed first, as
high severity, even with low RPN can be high risk. In this example, the failure mode “lamp
shatters” has a severity 10, and the cause “over pressure in lamp due to wrong gas” has RPN 160.
Even though the RPN (160) is lower than the RPN (448), the risk is higher due to high severity.
This is one of the pitfalls to using RPN as the sole measure of risk priority.

Appendix C
How to evaluate FMEAs based on quality objectives [1]
Mistake No. 1: design/process improvements
A review of FMEA applications across industries shows some FMEAs drive ineffective actions
or no action at all. Some design FMEAs drive mostly testing, while some process FMEAs drive
mostly controls. FMEA’s failure to drive product or process improvements is mistake No. 1.
FMEA quality objective No. 1: The FMEA drives design improvements (design FMEA) or
manufacturing or assembly process improvements (process FMEA) as the primary objective.
FMEA application comment: Lack of recommended actions that drive product or process
improvements in FMEA can be due to a lack of understanding of FMEA objectives,
complacency or lack of commitment on the part of the FMEA team, a rushed process, or a
check-box mentality. The quality and reliability fields have many tools to choose from in driving
design or process improvements. The key is using the recommended actions worksheet column
of the FMEA to identify and execute tools that can optimize designs and processes. This is one
of the reasons quality or reliability engineers should participate in FMEAs.
How to evaluate: Review the FMEA recommended actions and observe whether most of them
drive design improvements (for a system or design FMEA) or process improvements (for a
process FMEA). Talk with team members to ensure their focus was on improving the design or
process.
Potential legal considerations: If potential risk from a design (or manufacturing) deficiency is
known or should be known, and the design (or process) is not improved to address the risk, this
is a gap in the FMEA effectiveness and can be damaging in litigation. Although it is possible that
the product design (or manufacturing process) may be proper and adequate, and not need
design/process improvements, the FMEA team should take care in making this conclusion, in
order to be certain that nothing has been missed.

Mistake No. 2: high-risk failure modes
Although organizations define risk using different criteria, failure to address all high-risk failure
modes can result in potentially catastrophic problems or lower customer satisfaction. Failure of
FMEA to address all high-risk failure modes is mistake No. 2.
FMEA quality objective No. 2: The FMEA addresses all high-risk failure modes, with effective
and executable action plans.
FMEA application comment: The team first addresses all high-severity issues, regardless of
risk priority number (RPN). After high-severity issues are addressed, the team can prioritize and
address high-RPN issues (or high severity x occurrence if severity and occurrence are used rather

than RPN). The key is effective actions that reduce or eliminate risk. Most high-risk problems
require multiple corrective actions.
How to evaluate: Review high-severity and high-RPN issues to determine whether the
corresponding recommended actions are adequate to reduce risk to an acceptable level. Talk with
the team members to ensure they are satisfied that all high risks were addressed and no important
concerns were left unaddressed.
Potential legal considerations: This is one of the most important quality objectives. Highseverity issues that have the potential for safety consequences must be thoroughly addressed by
the FMEA team, first by attempting to reduce the severity risk (if possible), followed by bringing
occurrence and detection risk to very low ratings (preferably ratings of 1). All high-severity
issues should be brought to the attention of management to be sure they are informed, buy-into
the risk reduction strategies, and ensure execution of risk reduction tasks. Failure to do so can
leave a company vulnerable to litigation that is hard to defend.

Mistake No. 3: design verification or process control plans
Some organizations miss the opportunity to improve their design verification plan (DVP) or
process control plan (PCP) based on the failure modes or causes from the FMEA. The result is
inadequate product testing or PCPs. Failure of the FMEA to improve test and control plans is
mistake No. 3.
FMEA quality objective No. 3: The DVP considers the failure modes from the design FMEA.
The PCP considers the failure modes from the process FMEA.
FMEA application comment: The FMEA team will often discover failure modes/causes not
adequately addressed in current test plans/procedures or included in the Process Control Plans.
The key is to ensure the DVP or the PCP is impacted by the results of the FMEA. This is best
accomplished by including test/control membership on the FMEA team and through well-written
actions.
How to evaluate: Review the recommended actions to determine whether there are
improvements to the DVPs, PCPs or corresponding procedures based on risk associated with
current design or process controls. Talk with the team members to determine whether they had
adequate representation from test or controls groups, benefited from their input, and whether test
and control procedures were improved.
Potential legal considerations: Where current test plans or procedures are not adequate to
detect high-risk failures and their associated causes, as determined by the FMEA, the FMEA
team needs to recommend specific improvements to the test plans or procedures to address the
risk. This is an opportunity to improve product testing and/or manufacturing controls so that any
high-risk deficiencies are discovered during testing before the product reaches the customer. In
discovery, Plaintiff’s counsel may seek documentation linking FMEA with testing in order to
show the OEM should have known its testing was inadequate based on the FMEA. Negligent
testing is a growing allegation in product litigation.

Mistake No. 4: interfaces
Empirical data show at least 50% of field problems can occur at interfaces between parts and
subsystems or between the system and environment. Similarly, many manufacturing or assembly
problems occur at the interface between operations or beyond operations, such as while
transporting materials, receiving incoming parts or shipping. Some practitioners miss these
interfaces. Not including interfaces in design or process FMEAs is mistake No. 4.
FMEA quality objective No. 4: The scope of the design FMEA includes interface failure modes
in both FMEA block diagram and analysis. The scope of the process FMEA includes interoperation failure modes, such as transfer devices, and incoming parts and shipping, in both
process flow diagram and analysis.
FMEA application comment: Product design interfaces can include physical connections,
material exchanges, energy transfers or data exchanges. The FMEA block diagram should clearly
show the interfaces that are part of the design FMEA scope. Similarly, the process flow diagram
should show inter-operation connections and exchanges, such as with materials transport, and
receipt of incoming parts and shipping.
How to evaluate: Review items, functions, failure modes and other portions of the FMEA to
ensure interface issues were addressed within the design FMEA scope. Ensure connections and
exchanges between operations were addressed within the process FMEA scope. Review the
FMEA block diagram and process flow diagram to verify. Ask the team how it determined no
interface issues were missed.
Potential legal considerations: With many potential problems occurring at interfaces, it is
essential that the FMEA team include interfaces in the scope of the FMEA. This requires having
and using a correct FMEA block diagram (for Design FMEAs) or process flow diagram (for
Process FMEAs) and ensuring that all relevant interfaces are brought into the FMEA, usually
described as interface functions. Not doing this opens up the FMEA to missing potential
problems, and is incorrect procedure.

Mistake No. 5: lessons learned
“Those who don’t know history are destined to repeat it.” Edmund Burke
Some organizations do not provide links between FMEAs and field data (in design FMEAs) or
manufacturing data (in process FMEAs). It takes concerted effort to integrate problem resolution
databases with the FMEA. A lack of integration can cause serious problems to be repeated.
Disconnect between the FMEA and information from the field or plant is mistake No. 5.
FMEA quality objective No. 5: The FMEA considers all major lessons learned (from in-service
warranties, customer service databases, recall campaigns, prior manufacturing or assembly
problems and others) as inputs to failure mode identification.

FMEA application comment: Field and manufacturing failure databases often have noise.
Effort is needed to filter the correct input information to FMEAs. New FMEAs should be seeded
with potential field and manufacturing problems, and should show how the problems will be
avoided in the new or modified design or process. Hold FMEA teams accountable to ensure
known problems are not repeated.
How to evaluate: Review failure modes and causes to ensure they contain supplemental field
failure data (for system and design FMEAs) and manufacturing failure data (for process
FMEAs). Talk with the FMEA team to ensure the FMEA benefited from lessons learned and that
high-risk issues will not recur.
Potential legal considerations: Achieving this quality objective requires specific preparation
steps for the FMEA. Did the team review failure databases and identify the most relevant field
(or manufacturing) failures that could possibly repeat within the scope of the FMEA? Were all
relevant field failures considered when identifying potential failure modes in the FMEA? Not
doing this opens up the FMEA to potentially repeating past known problems, and is incorrect
procedure.

Mistake No. 6: level of detail
Some FMEAs are too detailed in their analysis, which makes it difficult to focus on areas of
higher risk. Some FMEAs aren’t detailed enough, which makes it difficult to determine the root
cause and effective corrective actions. Having the wrong level of detail in the analysis is mistake
No. 6.
FMEA quality objective No. 6: The FMEA provides the correct level of detail to get to root
causes and effective actions.
FMEA application comment: Good FMEA facilitation keeps a team focused on areas of risk
that lead to root causes and effective corrective actions. FMEA discussions should be focused on
areas of concern noted by at least one member of a properly constituted FMEA team. Avoid
lengthy discussions about low-risk issues. The higher the risk, the more in-depth the discussion
should be. Low-risk issues should receive less, but appropriate, discussion.
How to evaluate: Verify that the level of detail on high-risk issues is adequate to fully
understand root causes and develop effective corrective actions. Review the different worksheet
columns of the FMEA to ensure the overall level of detail is proper and adequate. Too much
detail may appear in the form of endless pages of FMEAs covering issues about which no one on
the team is concerned. Too little detail shows up as under-defined functions, failure modes,
effects, causes or controls, or as areas of unaddressed concern from one or more FMEA team
members. Talk with the FMEA team members to determine how they addressed the level of
detail and ensured all concerns were included in the scope of the FMEA project.
Potential legal considerations: Each step of the FMEA needs to have sufficient detail to enable
the team to establish the next step. Functions are described in sufficient detail to establish
corresponding failure modes. Etc. In addition, the entries in the FMEA columns must faithfully

comply with FMEA definitions. The entries in the FMEA should be correctly worded and not
doing this opens the FMEA to incorrect procedure.

Mistake No. 7: timing
Many organizations conduct FMEAs late, and this reduces their effectiveness. FMEAs should be
completed according to design or process freeze dates in accordance with the product
development process. Performing FMEAs late is mistake No. 7.
FMEA quality objective No. 7: The FMEA is completed during the window of opportunity
from which it can most effectively affect the product design or manufacturing process.
FMEA application comment: The key to completing FMEAs on time is to start the FMEAs on
time. Design or process FMEAs should begin soon after the design or process concept is
determined and be completed before design or process freeze dates. Starting and completing
FMEAs on schedule requires proactive management support throughout the FMEA process.
How to evaluate: Review the timing of the FMEA against the product development process
timeline. Verify the FMEA was started and completed in the proper timeframe to maximize the
value of the FMEA results.
Potential legal considerations: The later the FMEA is performed, the higher the cost to make
design or process changes. As a result, FMEA teams may become limited in the type of
recommendations they can make. Plaintiffs’ counsel often make a claim of negligent testing,
when the testing is rushed, or compressed in time. Counsel can make the same argument as to
FMEA. If it is delayed, it is more likely to be rushed, and that the proper effort and thought will
not be put into the analysis. It is also likely that proper modifications will not be implemented in
the product design or manufacturing process, and that the FMEA will be reduced to a check-thebox exercise. The dates of the documents will tell the tale, and create bad evidence for your case.
Even if untrue, they will enable counsel to argue that the FMEA was rushed and improperly
performed.

Mistake No. 8: team
Some FMEA teams do not have the right experts as members. Some FMEA team members just
sit in their chairs if they show up at all and don’t contribute to team synergy. FMEAs having
inadequate team composition and participation is mistake No. 8.
FMEA quality objective No. 8: The right people, adequately trained in the procedure,
participate on the FMEA team throughout the analysis.
FMEA application comment: People have blind spots. A well-defined, cross-functional team
minimizes errors due to blind spots. FMEA requires subject matter experts (SMEs) from a
variety of disciplines to ensure all necessary inputs are incorporated into the exercise. The cross
talk and synergy among SMEs that occur during FMEA meetings is essential, because welldefined groups can discover what individuals miss. Attendance is influenced by management
support.

How to evaluate: Review the FMEA team member roster to ensure there is adequate
representation from the various disciplines based on the type of FMEA and the project scope.
Check FMEA team meeting records to ensure attendance was adequate at each meeting. Talk
with individual team members to learn whether their input was elicited in decisions.
Potential legal considerations: An individual can “fill out the form” and complete the FMEA
worksheet columns. Having a wrong or inadequate FMEA team is incorrect procedure and opens
up the FMEA to missing potential design (or manufacturing) deficiencies, and the allegation that
the team was not composed properly in the first place, which led to the improper FMEA.

Mistake No. 9: documentation
There are hundreds of ways to do FMEAs wrong. Some organizations do not encourage or
control proper FMEA methods. Or, they copy old FMEAs and don’t adequately address changes,
such as new technology or new applications. Training, coaching and reviews are necessary for
success. Use of improper FMEA procedures is mistake No. 9.
FMEA quality objective No. 9: The FMEA document is completely filled out by the book,
including action taken and final risk assessment.
FMEA application comment: The FMEA team must have a solid understanding of FMEA
fundamentals, definitions and concepts. There is no substitute for properly applying FMEA
fundamentals. This is a broad quality objective to ensure the FMEA worksheet is filled out
completely and properly.
How to evaluate: Verify that the FMEA worksheet columns were correctly filled out and that
FMEA procedure was properly followed. Talk with the FMEA team members to ensure they
rigorously followed FMEA guidelines and practices.
Potential legal considerations: From the viewpoint of technical correctness, this is one of the
most important quality objectives. Each entry of the FMEA should adhere to FMEA
fundamentals contained in the relevant FMEA standard and other FMEA literature. Deviations or
gaps in this adherence comprise potential evidence of technical incorrectness. This mistake is a
gift to Plaintiffs’ lawyers: they only need to point to the industry accepted procedure and ask,
“You didn’t follow this, did you?”

Mistake No. 10: time use
Some organizations mandate FMEAs, but that doesn’t ensure the time spent on them is
productive. Pre-work must be completed, meetings must be productive and high-risk issues must
be resolved. Ask the FMEA team whether their time was well spent, and take action to address
shortcomings. Inefficient use of time is mistake No. 10.
FMEA quality objective No. 10: Time spent by members of the FMEA team is an effective and
efficient use of time with a value-added result.

FMEA application comment: If this quality objective is met, future FMEA meetings will be
well attended and supported by SMEs and management. Conversely, if subject matter expert
time is wasted, it will be difficult to generate attendance at future meetings.
How to audit: Talk with the FMEA team to learn whether each member believes his or her time
was well spent and whether a value-added result was achieved. If not, find out why.
Potential legal considerations: This quality objective is important in terms of gaining traction
or momentum for effective FMEA implementation within a company. It may or may not affect
the technical correctness of a given FMEA; however, it does affect the longer-term FMEA
implementation progress. This mistake does not have a direct impact on litigation risk, but it
indirectly leads to other mistakes listed above.

