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Abstract: This paper delves into the significance of Failure Mode and Effects Analysis (FMEA) in the design and
production phases of new products. Specifically, it focuses on Design Failure Mode and Effects Analysis (DFMEA) for
product design and Process Failure Mode and Effects Analysis (PFMEA) for production processes. The authors' team
systematically reviews the methodologies and steps involved in executing robust design and production processes,
leveraging FMEA techniques that have been developed over time and are continually refined.

Keywords: FMEA, Design FMEA, Process FMEA.

INTRODUCTION

Failure Mode and Effects Analysis (FMEA) is a step-by-step approach for identifying all
possible failures in a design, in a manufacturing or assembly process in automotive industry during
the project phase. It was originally created and developed in USA in the 1960s, by the aerospace
industry, during the Apollo mission, to preliminary assess the impact of system failure on the
mission success and personnel safety [3]. FMEA was one of the earliest structured reliability
improvement methods. Today it is still a highly effective method of lowering the possibility of
failure, by improving the safety and reliability in a big range of industries, as automotive,
electronics, mechanical, etc.

FMEA serves as a proactive tool to identify potential failure modes and their associated
effects early in the product development lifecycle. In the realm of product design, DFMEA enables
engineers to anticipate and mitigate risks by systematically analysing the potential failure modes of
individual components or subsystems. By identifying failure modes, their causes, and effects,
design teams can implement preventive measures to enhance product reliability and performance.
The purpose of the analysis is to prioritize the failure modes of a design, process, and product in
order to assign the limited resource to the highest risk items.

EXPOSITION

"Failure modes" means the ways, or modes, in which something in a production process
might fail. Failures are any errors or defects, especially ones that affect the customer, and can be
potential or actual.

"Effects analysis" refers to studying the consequences of those failures. Effects are the ways
that these failures can lead to waste, defects or harmful outcomes for the customer. Failure Mode
and Effects Analysis is designed to identify, these failure modes.

There are numerous high-profile examples of product recalls resulting from poorly designed
products and/or processes.
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Failure Mode and Effects Analysis, or FMEA, is a methodology aimed at allowing
organizations to anticipate failure during the design stage by identifying and limit all of the possible
failures in a design or manufacturing process.

Failures are prioritized according to how serious their consequences are, how frequently they
occur, and how easily they can be detected. The purpose of the FMEA is to take actions to eliminate
or reduce failures, starting with the highest-priority ones.

Failure modes and effects analysis also document current knowledge and actions about the
risks of failures, for use in continuous improvement.

FMEA begins during the earliest conceptual stages of design — Design FMEA (DFMEA) to
anticipate failure during the design stage by identifying all of the possible failures, (Fig.1). It
explores the possibility of product malfunctions, reduced product life, and safety and regulatory
concerns derived from the material properties, geometry, tolerances, interfaces, etc.

Later, it’s used for control, before and during ongoing operation of the manufacturing process
— Process FMEA (PFMEA) and continues throughout the life of the product or service. PFMEA
(Fig.2) discovers failure that impacts product quality, reduced reliability of the process, customer
dissatisfaction, and safety or environmental hazards derived from human factors, methods followed
while processing, materials used, machines utilized, measurement systems, environment factors,
etc.

FMEA is not a substitute for good engineering. Rather, it enhances good engineering by
applying the knowledge and experience of a Cross Functional Team (CFT) to review the design
progress of a product or process by assessing its risk of failure.
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Fig. 2. PFMEA Worksheet (Carl S. 2012)
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Fig. 3. Late FM Discovery
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Fig. 4. Early FM discovery (Carl S. 2012)

Historically, the sooner a failure is discovered, the less it will cost. If a failure is discovered
late in product development or launch, the impact is exponentially more devastating with nasty
consequences of poor performance (Fig. 3). Discovering a failure early in Product Development
(PD) using FMEA provides the benefits of multiple choices for mitigating the risk, higher capability
of verification and validation of changes, collaboration between design of the product and process,
lower cost solution, etc. (Fig. 4).

Performing FMEA starts when you are designing a new product or process, or performing an
existing process in a different way, or a quality improvement goals for a specific process exist.
Quality and reliability must be consistently examined and improved for optimal results throughout
the lifetime of a process.

FMEA is performed in several steps, with key activities at each step, separated to assure that
only the appropriate team members for each step are required to be present.

Step 1. Define the scope of FMEA

Step 2. Gathering the team

Step 3. Understand the system to be analysed.

Step 4. Brainstorm of failure mode for each component and its effect

Step 5. Determine S, O and D for each failure modes. [3]

Each functions, failure modes, effects of failure are ranked by three factors from 1 to 10 —
Severity (S), Occurrence (O) and Detection (D). The multiplication of the results, present the Risk
Priority Number (RPN) for actions follow-up when counter measures would be taken and are
successful at reducing risk or re-design is needed.

There are three steps to ease and improve the FMEA:

Step 1 - Develop a Consistent FM Description — easy to read and understand, using a sample
naming:

Part causing failure (object) / 2. Failure mode (adjective) / due to / 3. Failure cause (why)

Ex.: Bearing (object) seized (adj.) due to lack of lubrication (why); Gear (object) worn (adj.)
due to the ingress of particles (why)

The use of language in FMEA to describe failure modes is very important to consider the
component (what failed), the mode of failure (an adjective) and the cause of the failure (the why) to
gain real benefits from an FMEA, otherwise outcomes can be compromised and typically FMEA
will not improve the equipment performance as intended.

Step 2 - Development of the Failure Characteristics

Selecting the correct logical decision, by understanding the failure characteristics from a prior
failure data or history. This is typically done using statistical distributions.

Step 3 - Determining the Applicable Maintenance Task
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Fig. 5. Main steps of FMEA (Hu-Chen Liu, 2016)
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Fig. 6. Example of RPN analysis, what to consider
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Fig. 7. Example of real DFMEA (The Elsmar Cove Homepage, 2024)

The analysis could be demonstrated in three paths:
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Fig. 8. FMEA - Three Path Model (Quality-One International, 2023)

A maintenance task is said to be applicable if, the task is capable of improving on the
reliability that would exist if the task was not performed. If an acceptable maintenance task cannot
be found to reduce the risk to an acceptable level, then the only way to protect from failure would
be to redesign the system.

CONCLUSIONS

The paper emphasizes the iterative nature of FMEA, highlighting the importance of
continuous improvement. As technologies evolve and new challenges emerge, FMEA
methodologies must adapt accordingly to remain effective. The authors' team underscores the need
for organizations to invest in ongoing training and development to ensure that FMEA practices are
up to date and aligned with industry best practices. Failure Mode and Effects Analysis (FMEA) is a
structured approach to discovering potential failures that may exist within the design of a product
till the production process.
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