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Abstract: In the first part of paper, next to the description
method of Failure Modes and Effects Analysis - FMEA, the
history of the development and application of methods with
special emphasis on the use of FMEA in the automotive
industry is given. FMEA can be applied at all stages of the
life cycle of one technical system. However, its
effectiveness is the largest, if applied at product
development phase by a team of experts from various
company's functions. Therefore, conceptual, design and
process FMEA is discussed in this paper. A detailed
description of the relations between these methods and the
order of application is considered. Based on FMEA
working plan it was formed the algorithm procedure of
application of design FMEA method. The specific steps of
FMEA procedure starting from the formation of FMEA
team until documenting of the analysis is explained.
Keywords: FMEA, product development, types of FMEA,
design FMEA, methodology.

1. INTRODUCTION
Failure Modes and Effects Analysis
(FMEA) is one of the basic and the most
used method for analyzing the safety and
reliability of technical systems [1]. FMEA
is basically an inductive method. It is
based on consideration of all potential
failures of the system’s components and
their effects on the system. Efficiency of
FMEA method application is the greatest if
used in the phase of design of mechanical
systems by multi-disciplinary team of
experts. Based on the obtained results of
analysis, potential failure causes of system
elements are eliminated or reduced to the
smallest possible measure at the start.
FMEA may be defined as a systematic
group of activities intended to [2, 3, 4]:
recognize and evaluate the potential failure
of a product/process and the effects of that
failure, identify action that could eliminate
or reduce the chance of potential failure
occurring and document the entire process.

The FMEA was developed for the
U.S. military purposes as a technique for
assessment
of
reliability
through
determination of effects of different failure
modes of technical systems [5]. Failures
were classified according to their impact
on
mission
success
and
personnel/equipment safety. This method
dates from November 9th, 1949, as an
official document in a form of an
American military standard, denoted as
MIL-P 1629 [6], titled “Procedures for
Performing a Failure Mode, Effects and
Criticality Analysis”.
Outside the military, FMEA began to
be used in the aircraft and space industry.
During the fifties and sixties, airline
company Boeing has developed FMEA
method and became one of its creators.
The primary push came during the 1960s,
while developing the means to put a man
on the moon and return him safely to earth
[4]. NASA in 1966 had published its
procedure for FMEA, which was used in
the Apollo program [7].
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Although FMEA is considered an
useful tool for improving product quality,
this method is beginning to be used in the
automotive industry only in the early
seventies. In 1971 Ford Motor Company
introduces an internal standard that refers
to the FMEA method [8]. In the early
1980’s,
United
States
automotive
companies began to formally incorporate
FMEA into their product development
process. A task force representing Chrysler
Corporation, Ford Motor Company and
General Motors Corporation developed QS
9000 standard in an effort to standardize
supplier quality systems. QS 9000 is the
automotive analogy to better known
standard ISO 9000. The Automotive
Industry Action Group (AIAG) and the
American Society for Quality Control
(ASQC) copyrighted industry wide FMEA
Manuel in February of 1993 [9]. In 1994,
the Society of Automotive Engineers
(SAE) published SAE J-1739, Potential
Failure Mode and Effects Analysis In
Design (Design FMEA) and Potential
Failure Mode and Effects Analysis In
Manufacturing and Assembly Proce-sses
(Process FMEA Reference Manual) [10],
which is based on the Ford's manual in
1988 [11].
Some of the first European standards
that describe the application of FMEA in
the automotive industry were 4.2 VDA
Verband der Automobil-industrie - VDA
1986, "Guidelines to FMEA" Bri-tish
Society of Motor Manufacturers and
Traders - SMMT in 1987, internal
standards of BMW, Renault in 1987,
Volkswagen in 1988, etc. [8].
In 1999 the joint work of International
Automotive Task Force - IATF, consisting
of leading U.S. and European car
manufacturers
and
national
trade
organizations,
Japan
Automobile
Manufacturers Association - JAMA and a
Technical Committee - TC International
Organization for Standardization ISO / TC
176, it was established the standard Technical Specification - TS ISO / TS
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16949 for the car and spare parts
manufacturers [12].

2. TYPES OF FMEA IN THE
DEVELOPMENT STAGE
From the standpoint of the object of
analysis in the product development phase,
there are three types of FMEA method [2]:
conceptual, design and process FMEA.
The same methodology and form for
documenting the proceedings, for all three
types of FMEA method, is used. Mutual
differences are in the object of analysis,
the time of implementation, the function of
the company that is the holder of activities,
etc.
Conceptual or system FMEA is the
highest level. This type of FMEA is used
to detect and prevent failures of system
and sub-systems in the early stages of
designing the project. Based on the
completed concept, the interaction of
subsystem and components within the
complex system is considered. Conceptual
FMEA is used to confirm that the
specification of the designed systems
reduces the risk of failure during the
design.
Design FMEA is used as an aid to
identification and prevention of failures
whose causes are directly related to the
design of products. The basis for the
implementation of the project FMEA is
completed design documentation.
Process FMEA is used to identify the
causes of potential failure modes that may
occur during manufacture or assembling
parts or assemblies and to define measures
to eliminate identified defects. The basis
for this method is completed technological
documentation.
A methodological connection among
the above procedures FMEA in product
development phase is shown in Figure 1.
The figure is obtained by generalizing
methodological connections of different
types of FMEA in the development phase
of an ignition distributors of an internal
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combustion engine shown in this paper
[13]. According to the figure, process
FMEA is based on the results of design
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Fig. 1 Methodological connection between different types of FMEA in product
development phase
The cause - effect chain in Figure 1
represents a hierarchical ladder system's
activity: the production process, from the
components to the system, i.e. from the
causes of failure to failure modes, from the
failure modes to its effects, and all that is
followed by FMEA method.
Figure 1 shows also the sequence of
different types of FMEA in product
development phase. By the analysis of
operation modes of the system it can be
reached potential failure modes that result
in total or partial failure of the objective
function of the system. By detailed
analysis of each individual system failure,
the causes and effects of those failures can
be identified. The causes of system failures
are actually failures of its components. The
analysis of the failure's causes of
components leads to identification of
defects in the production process that
cause them.
Between the conceptual, design and
process FMEA strictly separation must be
carried out. Transition between these
concepts is gradual. It should be borne in
mind that only after the determination of
the manufacture procedure may estimate
risk factors of design FMEA. However, the
separation between different types of
FMEA is done for reasons of reducing the

complexity of the task.
Time coordination of implementation
of FMEA methods with other development
activities represents one of the crucial
factors for the success of the project. Like
other developmental processes, FMEA is
carried out before the start of production,
perfectly respecting the time demands.
In order to FMEA become successful,
it must be finished before the realization of
products
or
processes.
Time
synchronization of implementation of
different types of FMEA in product
development phase enables automatic
taking into account the results of previous
FMEA and feedback data on changes in
projects of products or processes, thus
reducing the need for subsequent changes
and significantly reduces time and costs of
development.
The
phases
of
implementation of different types of
FMEA as a function of the individual
phases of the product life cycle is given in
Table 1 [2].
Since the FMEA is a "living"
document, the term completion marks the
end of the first iterative circle of FMEA
and directing obtained results to the FMEA
entrance of the next circle to correct. Start
of implementation of project and process
FMEA is a phase-shifted for the time
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required
for
obtaining
necessary
information from conceptual FMEA.
Product development
timing
Design concept
Design simulation
Detailed design
Prototype test
Product launch
Field usage

Conceptual FMEA
Initiate
Complete

Update

Design FMEA

Process FMEA

Initiate
Update
Complete

Initiate

Update

Update
Complete
Update

Table 1 - FMEA timing in the product development cycle
department. Selection of other team
FMEA should be updated as the
members is done by agreement between
project development progresses. All
the person responsible for creation of the
changes in design of products or processes
FMEA team and the heads of the technical
and changes of the initial specifications
departments from which team members
must be properly reviewed and accompany
are appointed.
through the process of FMEA. Properly
2. Work plan and preparation fro
applied FMEA is an interactive iterative
analysis are of the outmost importance for
process that never ends. FMEA is a type of
successful conduction of the FMEA
document that is constantly adapting to
procedure. In the preparation phase, the
changes that occur in the product
team leader acquaints the FMEA team
development process.
members with the structure of the observed
system and its operation modes using
corresponding
documents
(design
assignment, basic data on product and its
3. PROCEDURE FOR DESIGN
structure, technical conditions, design
FMEA
documentation and other). After having
been acquainted with the object of the
Systematic of design failure modes
analysis, each team member, in his further
and effects analysis in the product
work, prepares relevant documentation and
development phase is ensured by FMEA
information on the subject of the analysis
operation plan [13], which is the base for
from the area that his functional unit
formulation of the flowchart of the
covers in the company. Based on gathered
procedure for application of project FMEA
information, each team member reaches
method, presented in Fig. 2 [14].
his own conclusions.
According to the presented flowchart,
3. Analysis of potential failures. By
application of design FMEA method goes
systematic
analysis of the operation modes
through the following phases:
and
functional
parameters of individual
1. Creating of FMEA team.
components
of
the system, all possible
Organisation of work on FMEA and
influences on system operation, possible
appointment of responsible person (leader)
causes and effects of the system
for FMEA team creation in the company
component's
failure
are
detected.
are defined by corresponding instruction.
Identification of potential failure modes
For construction FMEA, FMEA team
may be conducted by application of Fault
leader comes from product design
Tree Analysis - FTA or by using Ishikawa
department and for process FMEA, FMEA
chart. For the purpose of assessment of
team leader comes from technology design
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failure risk, it is necessary to record
scheduled control measures for failure

cause detection in this phase.

Fig. 2 - Flowchart of the procedure for application of design FMEA method
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4.
Project
assessment.
Team
evaluation of occurrence rating of the
failure mode, O, severity rating of failure
effects (weighting factor), S, and detection
rating for a potential failure mode, D, and
calculation of risk priority number, RPN,
as their product, is conducted in the project
assessment phase, based on acquired data
on every cause-failure couple. By ranking
of calculated values for risk priority
number and by adoption of criteria for
failure acuteness, a basis for dispatching
priority for conducting measures for
quality improvement is made.
5. Work on quality improvement. For
every
critical
failure
mode,
preventive/corrective
measures
are
proposed in order to reduce some or all
risk factor values. Persons responsible for
conduction of these measures are selected
and deadlines for their execution are set.
Invention
of quality improvement
measures should be obtained in
multidisciplinary working groups, with
application of corresponding creativity
techniques.
6.
Assessment
of
preventive/
corrective measures effects. After quality
improvement measures are introduced, the
FMEA team has a task to establish the
effects of their application, by assessment
of new risk factors values using the
same assessment criteria. FMEA analysis
concludes if adopted acuteness criteria are
met, both for individual risk factor values
and for total risk. If, even after
introduction of quality improvement
measures, the risk factor values are larger
than adopted limit values, new measures
are defined and conducted until the
assessment values are satisfactory.
7. FMEA documentation. A blank
form is used for FMEA documentation and
it is fulfilled parallel with conduction of
individual phases of the procedure. Every
change in the project must be followed by
FMEA documentation change. The form
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for the design FMEA is not univerzal. It is
not standradized [15]. Each company has
its own form that reflects the needs of the
organization and the concerns of the
customer. In the automotive industry,
however, efforts have ben successful and
on July 1. 1993 a standardized form and
procedure was published by AIAG [9].

4. CONCLUSIONS
Application of FMEA method in the
phase of development of mechanical
systems enables scientific foundation of
problem solving consisting of: detection
and identification of potential failure
modes and defects, determination of their
causes, creation of the base for suggestion
of preventive/corrective measures for
overcoming the problem and definition of
quantitative indices that confirm the
success of application of adopted
measures. Determination of critical
elements of mechanical systems that limit
reliable and safe operation of the system
and taking of preventive measures in order
to reduce the acuteness present the fastest
and the cheapest way to increase reliability
and, accordingly, the product's quality.
Use value of FMEA results is in
proportion to volume and credibility of the
initial data. This points to need that every
company should form information system
for acquisition and processing of data on
errors, defects and failures of company's
products. Organised system for data
acquisition must provide continuous flow
of data, their processing and availability.
In order to get complex and credible
database on modes, causes, effects and
operation periods before failure of
mechanical systems or elements occurs,
data must be acquired in the design phase,
development phase and in product's
exploitation.
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