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The Bigger Picture 

 FMEA is a tool which fits into a wider approach 

called: 
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The Bigger Picture 



The Primary Driver for FMEA - What does 99.9% Quality Mean? 

• One hour of unsafe drinking water per year 

• 291 incorrect pacemaker operations  per year 

• 12 babies given to the wrong parent each day 

• Two unsafe landings at Gatwick Airport  per day  

• Your heart fails to beat 32,000 times  per year 

• 6,000 lost pieces of mail per hour 

• 20,000 incorrect drug prescriptions per year 

• 107 incorrect medical procedures  performed daily 

• 14,208 defective personal computers shipped each 

year  

 268,500 defective tires shipped per year 

 500 incorrect surgical operations 

performed each week 

 880,000 credit card magnetic strips with 

the wrong information  

 19,000 newborn babies dropped at birth 

by doctors each year 

 22,000 checks deducted from the wrong 

account  each hour 

 



The Bigger Picture 



“Catastrophic failures in operational risk 
management are rarely caused by a single and 
major point of failure. Rather they are the 
cumulative effect of smaller and inter-related 
failures. …FMEA is the tool of choice to address 
these complex operational risk failures at any 
level of an organization, whether tactical, 
strategic, or enterprise-wide. It works in every 
type of organization.” 

 
   A leading Operational Risk Authority 

 



“To me Failure Modes and Effects 
Analysis (FMEA) is a versatile, powerful, 
process centered tool that belongs in 
every Process Owners’ and Six Sigma 
practitioners’ toolbox.“ 
 
    A leading Six Sigma Authority 

 



The Scope of this Lecture 

The objectives for this session include: 

• Understand what a FMEA is, why it is used, 
and when it can it be deployed 

• Understand the different components, 
definitions, and calculations used in a FMEA 

• Learn the steps to developing an FMEA 



History of the FMEA 

• 1940s - First developed by the US military 
in 1949 to determine the effect of system 
and equipment failures 

 

• 1960s - Adopted and refined by NASA (used 
in the Apollo Space program) 

 

• 1970s – Ford Motor Co. introduces FMEA 
after the ‘Pinto affair’.  Soon adopted 
across automotive industry 

 

• Today – FMEA used extensively in both the 
manufacturing and service industries 

 

http://images.google.com/imgres?imgurl=http://www.archives.gov/research/african-americans/ww2-pictures/images/african-americans-wwii-001.jpg&imgrefurl=http://www.archives.gov/research/african-americans/ww2-pictures/&usg=__TmSiIQ2QMfKxvNDRpEjLGFWWuvM=&h=1104&w=1390&sz=443&hl=en&start=2&tbnid=CYGg5ATP5xxLtM:&tbnh=119&tbnw=150&prev=/images?q=US+army+world+war+II&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://cass189.ucsd.edu/images/Gemini_6_7_small.jpg&imgrefurl=http://cass189.ucsd.edu/?p=244&usg=__IoQdFyBDTYywm7YvIl5QFVVGEnA=&h=481&w=600&sz=287&hl=en&start=30&tbnid=UiKWO0nbQuvOKM:&tbnh=108&tbnw=135&prev=/images?q=nasa+apollo&gbv=2&ndsp=21&hl=en&sa=N&start=21
http://images.google.com/imgres?imgurl=http://www.usposttoday.com/wp-content/uploads/2009/08/ALeqM5gAES9UO1Q3i3Ri8RXnKFtfEgrtTw.jpg&imgrefurl=http://www.usposttoday.com/cash-for-clunkers-program-helps-u-s-manufacturing-to-rebound-in-july/&usg=__mR3Fvl4raEcGG3HVJNp5TwR05-g=&h=367&w=512&sz=87&hl=en&start=164&tbnid=4LPEWewQ9eQ8HM:&tbnh=94&tbnw=131&prev=/images?q=US+car+manufacturing&gbv=2&ndsp=21&hl=en&sa=N&start=147


Defining Reliability  
Product reliability is one of the qualities of a product. Quite 
simply, it is the quality which measures the probability that the 
product or device “will work.” 

As a definition: 

• Product reliability is the ability of a unit to perform a required 
function under stated conditions for a stated period of time. 

And, correspondingly, quantitative reliability, as a definition, is: 

• Quantitative reliability is the probability that a unit will 
perform a required function under stated conditions for a 
stated time. 

 

Source: Fergenbaum, A. V. (1991). Total Quality Control. New 
York: McGraw-Hill, Inc. 



When Reliability is Lacking - Categories of Failure Mode 

Safety  
Any failure mode that directly affects the ability of a product to meet Safety 
Standards, or creates a potential product liability issue, or can result in death or 
extensive property damage. 
 

Major (Hard) 
Any failure mode that stops the operation of a product or system which requires 
immediate repair.  
Evidenced by a catastrophic event, i.e, TEPCO Nuclear Plant Meltdown 
Failure mechanism might be due to a “shock” to the system or an accumulation of 
shocks to the system 
 

Minor (Soft)  
Any failure mode that results in a product not meeting one of its intended functions, 
but does not preclude it from satisfying its most important functions.  
Any failure mode which results in a gradual but not complete ability of the product to 
meet its intended function.  
Degradation of performance over time, wear are examples of soft failures. 



FMEA Defined 

What is a Failure Modes & Effects Analysis? 

• A FMEA is a systematic method to: 

1. Recognize, evaluate, and prioritize (score) 
potential failures and their effects 

2. Identify actions which could eliminate or reduce 
the chance of potential failure occurring 

3. Document and share the process   
• FMEA generates a living document that can be used to anticipate and 

prevent failures from occurring.   

• In DMAIC and Design For Sigma Projects, FMEA’s can be used in various 
stages and revised as the project moves forward. 



Why Use a FMEA 

• Use of quality tools such as Statistical Process Control (SPC) 
encourage  the use of FMEA(s) to help problem-solve 
quality problems 

• ISO/QS 9000  and product liability directives of the EC 1985 
strongly encourage its use. 

• Helps select alternatives (in system, design, process, and 
service) with high reliability and high safety potential 
during the early phases (Blanchard 1986) 

• Ensures that all conceivable effects on operational success 
have been considered. 

• Many risk management regimens and standards, such as 
ISO 31000/31010 used in finance and operations are based 
on FMEA logic – probability vs. severity scoring and matrix. 
 



Why Use a FMEA - Continued 

• Improves the quality, reliability and safety of 
products and processes in a proactive manner. 

• Helps to increase customer satisfaction, by 
proactively addressing failures that keep us from 
meeting critical customer requirements in 
processes or products. 

• Reduces product development timing and cost 
• Reduces operational risk  
• Documents and tracks actions taken to reduce 

risk; Prioritize areas of focus 



FMEA is a Team Process (Ideally) 

Team Formation 

• Product Development 

• Design 

• Manufacturing 

• Quality 

• Sales/Marketing 

• Suppliers 

• Reliability and testing 

Team Roles 

 Facilitator 

 Champion 

 Recorder/librarian 

  

6-10 members is optimal 



Elements of a Successful FMEA 

1. All problems are not the same. This is perhaps the most 
fundamental concept in the entire FMEA methodology. Unless a 
priority of problems (as a concept) is recognized, workers are likely 
to be contenders for chasing fires. They will respond to the loudest 
request and/or the problem of the moment. (In other words, they 
will manage by emergency.) 

2. The customer must be known. Acceptance criteria are   defined by 
the customer, not the engineer. 

3. The function must be known. 
4. One must be prevention (proactively) oriented. Unless continual 

improvement is the force that drives the FMEA, the efforts of 
conducting FMEA will be static. The FMEA will be conducted only to 
satisfy customers and/or market requirements to the letter rather 
than the spirit of the requirements. Unfortunately, this is a common 
problem in implementation of an FMEA program.) 
 



Sample FMEA Form 

Process  
Step 

Describe how the 
process step could 
go wrong 

Describe 
the impact 

What could 
cause the 
failure? 

Is there anything in place to 
detect or stop this from 
happening? 

What actions 
will you take? 

Rankings (1-10) 



Sample FMEA Process - Adding Milk to a Cake Mix 



Types of FMEAs 

• Design FMEA - examines the functions of a 
component, subsystem or main system.  
•  Potential Failures: incorrect material choice, inappropriate 

specifications. 
•  Example: Air Bag (excessive air bag inflator force). 

• Process FMEA - examines the processes used to make 
a component, subsystem, or main system. 
•  Potential Failures: operator assembling part incorrectly, 

excess variation in process resulting in out-spec products. 
•  Example: Air Bag Assembly Process (operator may not 

install air bag properly on assembly line such that it may 
not engage during impact). 

 



Definitions 

Failure Mode 
• The way in which the product or process 

could fail to perform its intended function.   
• Failure modes may be the result of upstream 

operations or inputs, or may cause 
downstream operations or outputs to fail. 

 
Failure Effects 
• The outcome of the occurrence of the failure 

mode on the system, product, or process.   
• Failure effects define the impact on the 

customer. 
• Ranking is translated into “Severity” score 
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Definitions 

Failure Causes 
• Potential causes or reasons 

the failure mode could occur 
• Likelihood of the cause 

creating the failure mode is 
translated into an 
“Occurrence” score  

Current Controls 
• Mechanisms currently in place 

that will detect or prevent the 
failure mode from occurring 

•  Ability to detect the failure 
before it reaches the 
customer is translated in 
“Delectability” score 
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Calculations 
Risk Priority Number 

The Risk Priority Number (RPN) identifies the 
greatest areas of concern. 

RPN is the product of: 

(1) Severity rating 

(2) Occurrence rating 

(3) Detection rating 

 



Calculations - FMEA Variables 

• Severity  

– A rating corresponding to the seriousness of an effect of a potential failure 
mode. (scale: 1-10. 1: no effect on the customer, 10: hazardous effect) 

• Occurrence  

– A rating corresponding to the rate at which a first level cause and its resultant 
failure mode will occur over the design life of the system, over the design life 
of the product, or before any additional process controls are applied. (scale: 1-
10. 1: failure unlikely, 10: failures certain) 

• Detection  

– A rating corresponding to the likelihood that the detection methods or current 
controls will detect the potential failure mode before the product is released 
for production for design, or for process before it leaves the production 
facility. (scale: 1-10. 1: will detect failure, 10: almost certain not to detect 
failures) 



Calculations - Risk Priority Number (RPN) 

For a given potential failure mode, how bad the 
outcome is multiplied by how likely it would 
actually happen multiplied by what things are in 
place today to prevent or notice it before it 
happens. 

Severity x Occurrence x Detectability =  
Risk Priority Number (RPN) 



FMEA Process 

Start with the 
process map 

1 For each step, 
brainstorm potential 
failure modes and 
effects 

2 

Determine the 
potential causes to 
each failure mode 

3 

Evaluate current 
controls 

4 

Determine 
severity 

Determine 
likelihood of 
occurrence 

Determine 
detectability 

Determine RPN 

5 

Identify actions 

6 



FMEA Tips 

• No absolutes rules for what is a high RPN number. 
Rather, FMEA often are viewed on relative scale (i.e., 
highest RPN addressed first) 

• It is a team effort 

• Motivate the team members 

• Ensure cross-functional representation on the team 

• Treat as a living document, reflect the latest changes 

• Develop prioritization with the process owners! 

• Assign an owner to the FMEA; ensure it is periodically 
reviewed and updated 

 



FMEA & The DMAIC/DMADV Lifecycle 

Q: At what phase can/should the FMEA be used in a DMAIC project? 

How it can be 
used: 
• Project 
selection 
• Project scope 

How it can be 
used: 
•  Understand 
the process (w/ 
process 
mapping) 

How it can be 
used: 
• Identify 
process 
variables / root 
cause analysis 

How it can be 
used: 
• Assist with new 
process 
development / 
understand 
failures in design 

A: A FMEA can be used in most phases of the DMAIC lifecycle for various 
purposes  

How it can be 
used: 
• Manage and 
control the 
process on an 
ongoing basis 

FMEA can also be used in each stage of Design for Six Sigma - 
DMADV 



 

 

 
FMEA Example 

 

Purchasing Requisition to Purchase Order 



Example 

Purchasing Dept. 
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Complete 
Purchase 
Requisition  
(PR) 

Send PR to 
Purchasing 
Dept. 

Incorrect 
PR 
Returned 

Correct and 
Send Back 

Receive 
Goods 

Receive  
PR 

Form  
Correct 

Complete 
P.O. 

Send P.O. 
To supplier 

Confirm  
receipt of  
P.O. 

Complete 
Commit 
Process  

Yes 

No 

Ship 
Goods  

Start 



Example 

Purchasing Dept. 

From the process 
map, list the 
process steps 

Brainstorm the 
various ways the 
step could fail 



Example 

Purchasing Dept. 

Determine the 
potential effects 

Determine the 
severity ranking 
using the scale 



Severity Rankings 



Example 

Purchasing Dept. 

Determine how 
likely the failure 
would occur due to 
this cause 

Determine the 
potential causes 



Occurrence Rankings 



Example 

Purchasing Dept. 

Determine how likely the 
controls in place will 
detect or prevent the 
failure mode from 
occurring  

Identify what controls or 
measures are currently in 
place 



Detectability Rankings 



Example 

Calculate the RPN 

5 x 4 x 3   =     60  

Severity Occurrence Detectability RPN 



Example 

Purchasing Dept.  

Brainstorm 
potential actions 
that will lower the 
RPN 

Assign 
specific 
owners 

FMEA owner & 
team update the 
document as 
actions are 
complete 

Recalculate the 
RPN after 
actions are 
complete 

Occurrence Reduced from 4 to 3.  
PRN cut in half.  


