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Failure Mode and Effects 
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Material for this presentation is based on the book Effective FMEAs, 
by Carl S. Carlson, published by John Wiley & Sons, © 2012  



Definition of FMEA 

Failure Mode and Effects Analysis (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. 

 



What is FMEA? 

An FMEA is an engineering analysis  

 done by a cross-functional team of subject matter 
experts  

 that thoroughly analyzes product designs or 
manufacturing processes 

 early in the product development process.  

 Finds and corrects weaknesses before the product 
gets into the hands of the customer.  

 



What is FMEA? 

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.  



What is FMEA? 

 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.  



Primary Objective of FMEA 

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.  



Primary Objective of FMEA 

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 



Types of FMEAs 

The three most common types of 
FMEAs are: 

 System FMEA 

 Design FMEA 

 Process FMEA 



System FMEA 

Analysis is at highest-level analysis of an entire 
system, made up of various subsystems.  

The focus is on system-related deficiencies, 
including  

 system safety and system integration 

 interfaces between subsystems or with other systems 

 interactions between subsystems or with the surrounding 
environment 

 single-point failures (where a single component failure can 
result in complete failure of the entire system) 



System FMEA 

The focus (continued)  

 functions and relationships that are unique to the system as 
a whole (i.e., do not exist at lower levels) and could cause 
the overall system not to work as intended 

 human interactions 

 service 

Some practitioners separate out human interaction 
and service into their own respective FMEAs. 



Design FMEA 

Analysis is at the subsystem level (made up of 
various components) or component level.  

The Focus is on product design-related deficiencies, 
with emphasis on 

 improving the design 

 ensuring product operation is safe and reliable during the 
useful life of the equipment.  

 interfaces between adjacent components.  

Design FMEA usually assumes the product will be 
manufactured according to specifications. 



Process FMEA 

Analysis is at the manufacturing/assembly process 
level.  

The Focus is on manufacturing related deficiencies, 
with emphasis on 

 Improving the manufacturing process 

 ensuring the product is built to design requirements in a 
safe manner, with minimal downtime, scrap and rework.  

 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 



FMEA Definitions  
and Examples 
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Item   1   

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. 

Example: Bicycle hand brake subsystem 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Function   2 

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.  

 There can be many functions for each item or operation. 

Example: Provides the correct level of friction between 
brake pad assembly and wheel rim to safely stop bicycle in 
the required distance, under all operating conditions.  



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Failure Mode   3 

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 



Failure Mode   3 

A “failure mode” is the manner in which the item or 
operation potentially fails to meet or deliver the 
intended function and associated requirements. 

 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  

Example: Insufficient friction delivered by hand brake 
subsystem between brake pads and wheels during heavy 
rain conditions. 

 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Effect   4 

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 manuf. 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. 

Example: Bicycle wheel does not slow down when the brake 
lever is pulled potentially resulting in accident.  

 

 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Severity   5 

“Severity” is a ranking number associated with the 
most serious effect for a given failure mode 

 based on the criteria from a severity scale.   

 a relative ranking within the scope of the specific 
FMEA 

 determined without regard to the likelihood of 
occurrence or detection. 

Example: 10 

 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Cause   6 

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. 

Example: Cable breaks  

 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Occurrence   7 

“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.  

 based on the criteria from the corresponding occurrence scale.  

 has a relative meaning rather than absolute value, determined 
without regard to the severity or likelihood of detection. 

Example: 6 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Controls   8 

“Controls” are the methods or actions currently 
planned, or are 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. 



Prevention-type Controls 

 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. 

Example: Cable material selection based on ANSI 
#ABC.  

 



Detection-type Controls 

 For System or Design FMEAs, detection-type 
designs 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. 

Example: Bicycle system durability test # 789  



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Detection   9 

“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.  

 considers the likelihood of detection of the failure 
mode/cause, according to defined criteria.  

 a relative ranking within the scope of the specific 
FMEA 

 determined without regard to the severity or 
likelihood of occurrence. 

Example: 4 



This illustration is from the book Effective 
FMEAs, by Carl S. Carlson, published by 
John Wiley & Sons, © 2012 



Risk Priority Number (RPN) 10 

“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 

 likelihood of detection of the cause. 

Example: 240 (10 x 6 x 4) 



Limitations of RPN 

RPN is not a perfect representation of the risk 
associated with a failure mode and associated cause. 

 subjective 

 not continuous 

High severity must be considered regardless of RPN 
value 

 



Recommended Actions   11 

“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 

 cost and effectiveness of the corrective action. 

 there can be many recommended actions for each cause. 

Example:  Require cable DFMEA/PFMEA from 
cable supplier approved by All-Terrain FMEA team.
  

 



This illustration is from the book Effective FMEAs, by 
Carl S. Carlson, published by John Wiley & Sons, © 2012 



Actions Taken   12 

“Action 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.  

Example: Cable supplier completed 
DFMEA/PFMEA and approved by All-Terrain team
  

 

 



This illustration is from the book 
Effective FMEAs, by Carl S. 
Carlson, published by John Wiley & 
Sons, © 2012 



Is that all there is to FMEA? 

 If FMEA were only an exercise in “filling out a 
form” then the definitions would be all you need to 
know. 

 There is much more to learn about FMEAs! 



What else is needed? 

 FMEA has the potential to anticipate and prevent 
problems, reduce costs, shorten product 
development times, and achieve safe and highly 
reliable products and processes.  

 To obtain the best possible results from FMEA, 
companies need to focus on key success factors. 



FMEA Success Factors 

 understanding the fundamentals and procedure of 
FMEAs, including the concepts and definitions 

 preparation steps for each FMEA project 

 applying lessons learned and quality objectives 

 providing excellent facilitation 

 and implementing an effective company-wide 
FMEA process.  

Implementing FMEA success factors will uniformly 
ensure FMEAs achieve safe, reliable and 
economical products and processes.  



Preparation Steps for Each FMEA Project 

 Determine the scope of the FMEA project 

 Make the scope visible and get consensus on 
boundaries 

 Assemble the right FMEA team (not done by one 
or two people) 

 Establish ground rules and assumptions 

 Gather information 

 Prepare for the FMEA meetings 



Applying Lessons Learned & 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 hundreds of companies in a wide 
variety of applications, certain common mistakes 
show up repeatedly. 

 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)? 



Providing excellent facilitation 

 FMEA facilitation is a different subject than 
FMEA methodology. 

 To be successful, FMEA leaders need to develop 
expert facilitation skills 
 Brainstorming 

 Encouraging Participation 

 Active Listening 

 Controlling Discussion 

 Making Decisions 

 Conflict Management 

 Managing Level of Detail 

 Managing Time 

 Unleashing Team Creativity 

 



Implementing an effective FMEA process 

A company-wide FMEA process is the entire set of 
systems and tasks essential to support development 
of high-reliability products and processes through 
timely accomplishment of well-done FMEAs. 

 Management support for strategy and resources 

 Roles and responsibilities 

 Management review of high risk issues 

 FMEA quality audits 

 Execution of FMEA recommended actions 

 Feedback loop to incorporate lessons learned 

 



In Summary . . . 

 Everyone wants to support the accomplishment of safe 
and trouble-free products and processes while 
generating happy and loyal customers.  

 When done correctly, FMEA can anticipate and prevent 
problems, reduce costs, shorten product development 
times, and achieve safe and highly reliable products 
and processes.  



AND SOLUTIONS 

FMEA PROBLEMS 



Problem 1 
 
Which of the following are true statements about FMEA? 
(Select all that apply) 
 
1. An FMEA is an engineering analysis done by the most 

knowledgeable person on the engineering team. 
2. Part of the FMEA is to identify and carry out corrective 

actions to address the most serious concerns. 
3. The primary objective of an FMEA is to understand the 

design. 
4. Risk assessment is not part of the FMEA procedure. 



Solution 1 
 
Which of the following are true statements about FMEA? 
(Select all that apply.) 
 
1. An FMEA is an engineering analysis done by the most 

knowledgeable person on the engineering team. (False. An 
FMEA is an engineering analysis done by a cross-functional 
team of subject-matter experts.) 

2. Part of the FMEA is to identify and carry out corrective 
actions to address the most serious concerns. (True) 

3. The primary objective of an FMEA is to understand the 
design. (False. The primary objective of an FMEA is to 
improve the design.) 

4. Risk assessment is not part of the FMEA procedure. (False. 
Risk assessment is an integral part of the FMEA procedure.) 



Problem 2 
 
Indicate whether each statement about the application of 
FMEA is true or false. 
 
1. One of the uses of FMEA is to improve the reliability of 

the product. 
2. One of the uses of FMEA is to improve the safety of the 

product. 
3. FMEAs can be used to improve the quality of the 

manufacturing process. 
4. One of the primary applications of FMEA is to fix field 

problems. 



Solution 2 
 
Indicate whether each statement about the application of 
FMEA is true or false. 
 
1. One of the uses of FMEA is to improve the reliability of the 

product. (True) 
2. One of the uses of FMEA is to improve the safety of the 

product. (True) 
3. FMEAs can be used to improve the quality of the 

manufacturing process. (True) 
4. One of the primary applications of FMEA is to fix field 

problems. (False) 



Problem 3 
 
In an FMEA, which of the following is true about a “function”? 
(Select all that apply) 
 
1. A “function” is what the item is intended to do, without 

respect to any standard of performance.  
2. A “function” is what the item is intended to do, usually to a 

given standard of performance. 
3. There is one function for each item in an FMEA. 
4. The function description in an FMEA must include the 

consequence or impact on the end user. 



Solution 3 
 
In an FMEA, which of the following is true about a “function”? 
(Select all that apply) 
 
1. A “function” is what the item is intended to do, without 

respect to any standard of performance. (False. A function 
description needs to include the standard of performance.) 

2. A “function” is what the item is intended to do, usually to a 
given standard of performance. (True) 

3. There is one function for each item in an FMEA. (False. 
There can be many functions for an item.) 

4. The function description in an FMEA must include the 
consequence or impact on the end user. (False. An effect 
must include the consequence or impact on the end user, 
not a function.) 



Problem 4 
 
In an FMEA, which of the following is true about a “failure 
mode”? (Select all that apply)  
 
1. A “failure mode” is the specific reason for the failure. 
2. A “failure mode” is the manner in which the item or 

assembly could fail to meet the intended function and its 
requirements  

3. In an FMEA, there is one failure mode for each function.  
4. The failure mode description in an FMEA must include the 

consequence or impact on the end user.  



Solution 4 
 
In an FMEA, which of the following is true about a “failure 
mode”? (Select all that apply)  
 
1. A “failure mode” is the specific reason for the failure. (False. A “failure 

mode” is the manner in which the item or assembly could fail to meet 
the intended function and its requirements.) 

2. A “failure mode” is the manner in which the item or assembly could 
fail to meet the intended function and its requirements. (True) 

3. In an FMEA, there is one failure mode for each function. (False. There 
can be many failure modes for each function.) 

4. The failure mode description in an FMEA must include the 
consequence or impact on the end user. (False. An effect must include 
the consequence or impact on the end user, not a failure mode.) 



Problem 5 
 
In an FMEA, which of the following is true about a “control”? 
(Select all that apply) 
 
1. A “control” is the specific recommendation by the FMEA team to 

control the risk associated with the cause of failure. 
2. A “control” needs to be taken to the level of root cause of the failure. 
3. There are often two types of controls identified in an FMEA: 

prevention-type controls and detection-type controls. 
4. “Controls” are the methods or actions that are not currently planned, 

but need to be done to reduce or eliminate the design-related risk 
associated with the cause of failure. 

5. “Controls” are the methods or actions that are planned or currently in 
place to reduce or eliminate the design-related risk associated with the 
cause of failure. 



Solution 5 
 

In an FMEA, which of the following is true about a “control”? 
(Select all that apply) 
 

1. A “control” is the specific recommendation by the FMEA team to control the 
risk associated with the cause of failure. (False. Controls are the methods or 
actions that are planned or currently in place to reduce or eliminate the design-
related risk associated with the cause of failure. Recommendations need to be in 
the Recommended Actions column of the FMEA.) 

2. A “control” needs to be taken to the level of root cause of the failure. (False. 
Causes in the FMEA need to be taken to the level of root cause, not controls.) 

3. There are often two types of controls identified in an FMEA: prevention-type 
controls and detection-type controls. (True) 

4. “Controls” are the methods or actions that are not currently planned, but need 
to be done to reduce or eliminate the design-related risk associated with the 
cause of failure. (False. Controls are methods or actions that are planned or 
currently in place.) 

5. “Controls” are the methods or actions that are planned or currently in place to 
reduce or eliminate the design-related risk associated with the cause of failure. 
(True) 



FMEA Resources 

 This presentation is based on the book Effective 
FMEAs, by Carl S. Carlson, published by John 
Wiley & Sons, © 2012 

 Information about the book and links to useful 
FMEA articles and aids can be found on 
www.effectivefmeas.com. 

 If you have questions or comments about this 
presentation, the subject of FMEAs, or the book 
Effective FMEAs, please send an email to the 
author at Carl.Carlson@EffectiveFMEAs.com.  

http://www.effectivefmeas.com/
mailto:Carl.Carlson@EffectiveFMEAs.com
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