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Chapter 1

Introduction

1.1 Need for Failure Mode and Effects Analysis – An Overview
In modern automation-based scenarios, all industries or organizations, such as
manufacturing and service providers, manufacturing and service providers are
working under extreme pressure to continuously improve. They do this in order to
remain competitive in the market and delivering quality products to satisfy their
customers. Optimization of systems to improve performance is expected in all
areas, either from management or from the engineers associated with various
processes. The rejection and rework of components or services within the system
incurs high costs and brings down the reputation of the organization. Every
organization wants to deliver defect-free products to the customer, without any
rejection, but in actual practice, this is not the case. Production losses, delays,
unplanned intrusions, safety hazards are unavoidable parts of the system. So,
failure is something which is associated with the technical system, unavoidable
and even sometimes unpredictable.

In case a system suffered from a failure, it made operational or workable after
repair or servicing and also prompts to identify the causes of the failures to
prevent their occurrence in future. The use of incorrect methods, materials, cut-
ting tools, improper maintenance, inappropriate testing, inadequate inspections,
unhealthy environment, poor lightening, excessive work load, and misconduct are
few common cause of failures. These factors may result in loss of time, loss of
material, loss of equipment and tools, and sometimes even in human life.

Such undesirable consequences, due to unacceptable and unreliable behavior,
lead to improvements in system performance. The enhanced performance of the
system leads to improved productivity, increased product reliability, higher quality
products, and improved organizational reputation. The same can be achieved by
adopting an optimized design during the initial stages and maintaining the same
during the production and service of the product. The reduced cost of product with
improved quality ensures the trust of customer and leads to continual improvement.

The meaning of failure is the incapability of a framework or item to
perform the desired function and inability to fulfil the mandatory require-
ments. Failure might be emotional, abrupt or unpretentious and concerned
about the framework or item which is ruined. The faulty products affect the
wider society, society as they include common home appliances or costly
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automobiles. It can also include the services of bank or telephone companies,
sometimes causing a shortage of products or a breakdown in services. If a
patient is diagnosed incorrectly due to poor services at a hospital, this would
harm the reputation of the hospital, and is another example of failure.

Nowadays, with new technological developments, the problems are becoming
more complex and have become more difficult to correct. The process of making
or predicting a failure-free processes is becoming critical. Some decisions might be
best recommended but sometimes fail as well making this job critical for the
managers or engineers. Maintenance plans must involve both technical, as well as
the management strategies, to address the criticality involved in the system. Every
component must be assessed to identify potential failures and giving their best
solutions within the constraints of failure type, pattern of failure, impact of
failure, and cost incurred in failure, all while implementing the solution while
implementing the solution.

Such information is utilized by various department personnel to choose
appropriate action to prioritize different processes. All tangible and intangible
attributes considered signify the intricacy of the problem and, in order to improve
the consistency of system, various failures must be prioritized based on their modes
of failure. Ranging from high priority to low priority, criticality is decided, and
maintenance policy can be framed depending upon the different priorities. Some
failures need corrective action, whilst others need preventive maintenance schedules
and regular or conditional monitoring to evade failures and augment the system
consistency. Generally, risk priority number (RPN) is calculated using failure mode
and effects analysis (FMEA) to prioritize the potential failure modes.

Optimization of systems to improve performance is expected in all areas, from the
managers to the engineers associated with various processes. The rejection and
rework of the components or services in the system incur high costs and bring down
the reputation of the organization. In the modern automation-based scenario, all
industries or organizations, such as manufacturing and service providers, are
working under extreme pressure to improve themselves continuously to remain
competitive in the market and deliver quality products to satisfy their customers.
Every organization wants to deliver defect-free products to the customer without
any rejection, but in practice, this is not the case. Production losses, delays,
unplanned intrusions, and safety hazards are unavoidable parts of the system.
Therefore, failure is something which is associated with the technical system,
unavoidable, and even sometimes unpredictable. Nowadays, the problems are
becoming more complex and often it is difficult to find corrective measures. The
process of making or predicting failure-free systems is becoming critical for man-
agers and engineers. Maintenance planning must involve both technical and man-
agement strategies, to address the criticality involved in the system. Every
component must be assessed to identify potential failures and giving their best
solutions within the constraints of failure type, pattern of failure, impact of failure,
and cost incurred in failure. The tangible and intangible attributes considered, sig-
nifies the intricacy or criticality of the problem. And to improve the consistency of
system, it is required that various failures must be prioritized considering the
criticality of their modes of failure. Further ranging from higher to lower priority,
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criticality is decided, and maintenance policy can be framed depending upon the
different priority. Some failures need corrective action while other needs the pre-
ventive maintenance schedule and regular or conditional monitoring to evade fail-
ures and augment the system consistency.

1.2 Traditional FMEA
The failure mode and effect analysis (FMEA) used to identify and manage the
risk involved, is an organized and multidisciplinary team-based approach which
helps to enhance reliability of system and ensures the safety in design or process
used in any industries. FMEA is utilized to classify and abolish the potential
failures present in a design or process, by computing the risk priority number
based on methodology of multiplication of severity, occurrence, and detection.
FMEA is a multicriteria decision-making approach, to augment the capability of
identifying the risk and potential failures. FMEA is a robust methodology used to
identify, classify, and analyze potential risk in process. FMEA approach comes
up with potential failure modes at first and recognizes the impact on the following
sublevel in machine-driven organizations.

Grumman Aircraft Corporation in the 1950 and 1960s developed the formal
FMEA methodology and applied it to the flight control systems of naval aircrafts.
Since then, it has been used extensively by aerospace, nuclear, and automotive
industries to analyze their products for safety and reliability in processes. Ford
Motor Company adopted FMEA in 1977 and extended the procedure to assess
and prioritize the potential failures while designing automotive components and
process involved in manufacturing.

FMEA methodology is a valuable tool at the hands of persons responsible for
organizing the production, in terms of reliability and quality management of
products and processes. It is an inseparable part of risk management and it
supports continuous improvement. The main aim of the method consists of
detecting the effects and causes of failure modes that can affect the reliability, the
quality, and not least the safety of products, whether it is product, process, sys-
tem, or service analysis.

FMEA involves teamwork, management support, and deep knowledge of
systems, products, processes, time, and cost. Therefore, to be successful, this
technique should be fully implemented quality management system both within
the product development and processes. This will enable companies to rationalize
their activities and thus reduce costs and increase efficiency.

A failure mode and effects analysis (FMEA) is a methodology in product
development and operations management for analysis of potential failure modes
within a system for classification by the severity and likelihood of the failures. A
successful FMEA activity helps a team to identify potential failure modes, based
on past experience with similar products or processes. Failure modes are any
errors or defects in a process, design, or item, especially those that affect the
customer, and can be potential or actual. Effects analysis refers to studying the
consequences of those failures. An example of this is the Apollo Space program. It
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was also used as application for Hazard Analysis Critical Control Point
(HACCP) for the Apollo Space Program, and later the food industry in general.
The primary push came during the 1960s, while developing the means to put a
man on the Moon and return him safely to the Earth. In the late 1970s the Ford
Motor Company introduced FMEA to the automotive industry for safety and
regulatory consideration after the Pinto affair. They applied the same approach to
processes (PFMEA) to consider potential process induced failures prior to
launching production.

As FMEA is used as a risk assessment tool to improve quality of product in
manufacturing industries, it involves the use of the human knowledge and
expertise to predict the potential risk or failure modes involved in the process. The
evaluation of such potential failure parameters of a process helps the FMEA team
to suggest curative arrangements or initiate precautionary actions at the earliest
opportunity to eradicate or lessen the opportunity of the failures. Further it can be
added that FMEA is a structured tool to identify:

• the possible failure modes,
• the properties of the probable failures, and
• the seriousness of failure impacting the process.

FMEA technique includes the utilization of three strictures – severity, occur-
rence, and detection – to portray every failure involved in a process or product.
Severity is the significance of the disappointment. Occurrence is the rate of the
disappointment happening. Detection is the probability of detecting the disap-
pointment. Here disappointment represents failure. Individual constraint has been
rated on a scale of 1 to 10. Using the methodology of multiplication, the product
of severity, occurrence, and detection gives the RPN, which generates the criti-
cality of each failure, giving high priority to large-valued RPN. The potential
failure with high RPN needs to be addressed immediately.

1.3 Development of FMEA
Table 1.1 shows the various phases of development of the FMEA over the years.

1.4 FMEA Objectives
FMEA becomes very popular and common in the industries as it fulfills or
promises the following objectives as mentioned in Fig. 1.1.

1.5 Classification of FMEA
Initially the life of any product begins with the identification of need followed by
planning the concept. The next phase is design and development, followed by the
production or manufacturing of the product. Once the component is sold, it
involves the maintenance and repair and ends with the disposal of the product. All
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Table 1.1. Over the Year’s Development of the FMEA.

Year Description

1963 FMEA was first proposed by aerospace industry
1965 The military of the US started to apply the FMEA technique
1974 The military of the US published the SOP of FMEA: MIL-

STD-1629
1977 Ford Motor started to use FMEA
1980 The revised SOP of FMEA: MIL-STD-1629A
1985 The International Electro-Technical Commission (IEC)

published SOP of FMEA: IEC 812
1993 Ford, Chrysler, and General Motor established the 1st edition

FMEA reference manual
1995 The 2nd edition of FMEA reference manual was revised by

AIAG
2001 The 3rd edition FMEA reference manual was revised by

AIAG
2008 The 4th edition FMEA reference manual was revised by

AIAG
2008–now FMEA is considered as an important analytical method by

ISO-9000, ISO/TS 16949, and it has been widely used in risk
assessment and quality improvement

Objectives 
of FMEA

Improves 
the quality 
of process 
or product

Reduce 
cost and 

time

Improves 
reliability 
and safety

Helps to 
document 

and 
monitor

Minimize 
the failures 

prior to 
launching

Helps to 
reduce or 
eliminate 
the issues

Helps in 
developing 

robust 
system

Fig. 1.1. Various Objectives of FMEA.
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stages involve some challenges and potential risks, but FMEA procedure is
adopted in the product design or manufacturing processes. Therefore, depending
upon diverse purposes while concentrating process or design involved, the clas-
sification of FMEA has been shown in Fig. 1.2 and discussed further.

1.5.1 Design FMEA

Design FMEA is applied at the design stage of the product. It is utilized to break
down items before they are sent for processing. It centers around probable failure
approaches of items brought about by design flaws. Such types of FMEAs are
normally done at three levels – system, subsystem, and component levels shown in
Fig. 1.3. This type of FMEA is used to analyze hardware, functions, or a com-
bination. DFMEA helps to control and even reduce the cost of the product, as
well as helping to determine the product’s manufacturing time.

1.5.2 Process FMEA

Process FMEA (PFMEA) is applied to detect the probable failure modes in the
manufacturing process, and then rank the failure modes based on the respective
effects on the final product or customers. The failure modes in a process may
affect the final product and the efficiency or the safety of the process. Like design
FMEA, implementing process FMEA could establish the priorities for preventive

Concept of 
FMEA

Process 
FMEA

Design 
FMEA

Fig. 1.2. Types of FMEA.

Design 
FMEA

System

Sub systemComponent

Fig. 1.3. Levels Involved in DFMEA.
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measures, and then reduce the chance of the potential process failures occurring
or the likelihood of not detecting the failures. The levels of PFMEA are shown in
Fig. 1.4.

1.6 The Vocabulary of FMEA
As FMEA is used to identify the critical potential failures and evaluating them, it
involves the calculation of RPN to quantify the risk to give its criticality to trigger
initiatives. FMEA is an important risk assessment tool involving few terms
associated with it as discussed below.

1.6.1 Potential Failure Mode

It is the way by which the product or act fails to encounter or deliver the intended
function and its requirements. Depending on the definition of failure established
by the analysis team, failure modes may include failure to perform a function
within defined limits, inadequate or poor performance of the function, intermit-
tent performance of a function, and/or performing an unintended or undesired
function. There may be many failure modes for each function.

1.6.2 Failure Cause

The exact purpose behind the failure, ideally profound by querying “why” till the
main driver or problem, is resolved. Poor design may result in the failure mode in
design while assembling inadequacies results in the failure mode in process

Process FMEA

Assembly

Component

System

Sub System

Manufacturing

Component

System

Sub System

Fig. 1.4. Levels Involved in PFMEA.
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FMEAs. There might be numerous reasons for a failure mode and the reason can
be worked out at each level of work separately.

1.6.3 Effects of Failure

It is the result of the failure of the framework or the client related to it. The impact
of the failure ought to think at the assembling level in process and at the designing
level in design FMEAs. A variety of impacts for each failure mode may exist. The
cross functional team will utilize its best knowledge to find end impact from the
analysis.

• Severity (S): Severity signifies the impact of a failure mode given in view of the
criteria of a scale ranking the severity specifying low value for less significant
impact and large value for more. It is a comparative ranking for a specific
FMEA and is resolved deprived of the likelihood of occurrence or detection.

• Occurrence (O): Occurrence relates with the likelihood that the failure mode
and its associated reason existing in the system under observation, given in
view of the criteria of a scale ranking the occurrence. The designed life of the
product is considering the occurrence ranking in design FMEA while the
generation of product in process FMEA. Occurrence has comparative
importance instead of the value and is resolved deprived of severity or likeli-
hood of detection.

• Detection (D): Detection is the likelihood of detection of a failure mode as
mentioned by a specific criterion considering the available type of controls
taking a detection scale in view of criterion. Detection is a comparative rank
specifically for an FMEA and is set deprived of severity or likelihood of
occurrence.

1.6.4 Risk Priority Number

The RPN is a mathematical rank given to particular potential failure mode found
using methodology of multiplication of severity, probability of occurrence, and
detection of the cause. For example, consider a failure mode having 2, 3, 2 values
of (S), (O), and (D), respectively, then RPN 5 2 3 3 3 2 5 12. RPN is a relative
measure of risk in a process.

1.6.5 FMEA Team

FMEA is completed by a specific group including professionals and engineers
involved in design, manufacturing, assembly, quality, service, and customer
domains. All the members in the FMEA team have rich knowledge and experi-
ence in the product design or manufacturing process domains, and they can begin
thinking about potential failure modes, which could affect the manufacturing
process or the product quality.
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