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Abstract:

Working environments in industries are extremely complicated and can expose people, machines, and
systems in any form to any type of risks. To minimize accidents, enhance the safety performance as
well as enhance smooth operation, it is imperative to have sound risk assessment in place. Failure
Mode and Effects Analysis (FMEA) is a structured and proactive method of risk assessment that is
extensively employed in industrial processes in order to determine the possible failures, examine their
cause and impact as well as priority actions to be taken to correct the situation. In this paper, the
authors will discuss how FMEA has been applied to evaluate risks and maximize safety in industries.
It points out the role of FMEA in ensuring that industries reduce the number of hazards, increase the
reliability of processes and the overall safety culture.
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Introduction:

The industry organizations have very dynamic and complex environments where safety, productivity,
and quality should take place in tandem. The modern industrial processes are characterized by high-
level machines, automation, human factors and rigid production processes. As much as these
developments enhance efficiency, they also lead to a higher possibility of a breakdown in operations
and hazards at work. The possible cause of accidents in the industrial environment may result in severe
injuries, death, damaged equipment, pollution, and high economic costs.

Risk assessment of industrial safety is therefore an important element of industrial safety
management. Early detection of the possible hazards will enable the organizations to avoid accidents
instead of addressing them once they happen. Outdated forms of safety are usually based on the
previous data of accidents and on the corrective procedures. Nevertheless, in the modern intricate
industrial systems, these reactive methods do not suffice, since failure can happen as a result of a mix
of a technical, human, and even an organizational cause.

Failure Mode and Effects Analysis (FMEA) is a rigorous and procedural risk analysis method that
assists in the identification of the possible failure modes in a process, product or system. It also
assesses the potential causes and effects of such failures and prioritize on the risk levels. In so doing,
FMEA assists in active decision making and helps in proactive safety measures. The structure with
which it is designed makes it applicable in analyzing industrial workflows at various levels including
design and planning, and operation and maintenance.
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Safety optimization is applied in industrial processes not simply to minimize the number of accidents
but also the reliability of processes, their efficiency, and adherence to safety standards. FMEA helps
optimize safety by identifying points of weakness in the processes or helping an organisation to adopt
a successful control mechanism. It adopts a culture of constant improvement and fosters team work
between engineers, safety professionals and the operators.

As the focus on the quality of occupational health and safety standards grows, the industries are
looking towards the means of getting the tools that will assist in the systematic risk evaluation and
adherence to the regulations. FMEA has enjoyed considerable popularity because of its simplicity,
flexibility and capability in dealing with risks. The FMEA paper is devoted to the implementation of
FMEA in the working process of industrial enterprises and its effectiveness in determining risks,
enhancing safety types of performance, and optimizing the industrial process as a whole.

Literature review:

This is backed up by a large amount of literature that emphasized the significance of the systematic
assessment of risks and safety in industrial processes. Bowles and Pelaez (1995) proposed the idea of
applying fuzzy logic with Failure Mode and Effects Analysis (FMEA) in order to rank failures. Their
paper noted that traditional FMEA occasionally experiences challenges with dealing with uncertainty
and subjective ratings in the severity, occurrence and detection of score. The authors could use the
fuzzy logic approach to offer a more adaptive and accurate way of ranking failure modes, placing
more emphasis on decision making in safety critical systems.

Carlson (2012) also offered a broad outline on how to utilize FMEA successfully in the industrial
process. The paper has stressed the fact that FMEA is not merely a device of defining the possible
failures but rather a pre-emptive strategy in order to improve safety, reliability, and cost-effectiveness.
To make manufacturing and service systems a safe and efficient working environment, Carlson
emphasized the role of the systematic method, i.e., identifying the failure modes, root causes and
corrective measures.

Ericson (2015) paid attention to the techniques of hazard analysis and described some systematic
approaches toward system safety. The paper has talked about the integration of tools such as FMEA,
Fault Tree Analysis (FTA), and Hazard and Operability Studies (HAZOP) to have a complete safety
analysis. Ericson emphasized the fact that the methodology used is determined by the complexity of
the system, the kind of hazards, and the organizational environment given the fact that structured
analysis of risks is critical in reducing accidents in the workplace.

International Organization of Standardization (ISO, 2018) came up with a risk management
framework, ISO 31000, which is a risk management standard that is agreed upon by the entire world.
The ISO 31000 is a guide on how the identification of risks; their analysis and mitigation can be done
in any organizational environment. The standard emphasizes the essence of risk management in the
organization processes, it advocates a proactive way of management that ensures safety, reliability of
operations and observance of regulations. FMEA is highly suggested in this framework as one of the
essential tools to evaluate the risks of operations and systematize corrective actions.

McDermott, Mikulak, and Beauregard (2009) provided a realistic strategy of FMEA in terms of
avoiding failures at an early stage. They provided an account of how the implementation of FMEA is
implemented step by step, including the identification of failure modes, the calculation of Risk Priority
Numbers (RPN), and the implementation of corrective measures. Other essential points made by the
authors were the fact that interdisciplinary cooperation between engineers, operators and safety
specialists should be used to make FMEA more effective in the industrial processes.

Montgomery (2013) experimented with the statistical basis of quality control and process
improvement. Although not a safety study, the investigation showed that statistical tools can be
applied to supplement an FMEA as they help bring quantitative understanding of process variability,
defect rates, and failure probabilities. This connectivity enables companies to give risk mitigation
plans priority according to evidence based on data, and enhance operational efficiency as well as
safety.

Rausand and Hoyland (2004) examined the system reliability theory and its applicability to the
industrial safety and risk assessment. Their work offered an intricate structure to model the reliability
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of the system, the examination of the likelihood of failure, and the use of the statistical technology to
anticipate and prevent failures. The paper highlighted the importance of knowing the reliability of the
system in focusing on risk implementation and formulating efficient risk control techniques and it is
a compliment to other risk assessment tools such as FMEA since it offers a numerical foundation of
the risk appraisal.
Stamatis (2003) provided a deep analysis of FMEA both theory and practice-wise. This research has
demonstrated that it is essential to undertake the process of identifying possible failure modes
systematically, evaluating the causes as well as the consequences of the failure as well as taking
corrective measures to enhance the process in terms of reliability and safety. Another point that
Stamatis emphasized during the FMEA is the importance of continuous improvement and
documentation, which is essential in FMEA because the consistent use of all organizational workflows
makes the culture of safety more explicit and minimizes the risk of mishaps.
The article by Vinod and Singh (2017) is an applied study on FMEA in manufacturing industries that
proves the effectiveness of this practice in the industrial setting. Their study revealed major failure
modes, Risk Priority Numbers (RPNs), and put in place corrective measures in order to minimize the
risks of workplaces. The paper has affirmed that FMEA can be used by small- and large-scale
manufacturing companies to facilitate data-driven decision-making by the managers and engineers to
balance the safety optimality and process efficiency.
In the article by Zio (2018), the author spoke about the future of risk assessment in the industrial and
technological process with the emphasis on the introduction of data-driven approaches, probabilistic
models, and advanced computing technologies. The paper concluded that traditional approaches, such
as FMEA, are still needed but can be improved dramatically with the introduction of real-time analysis
of data, machine learning, and predictive models. As stressed by Zio, this kind of integration enables
more precise prediction of risk, dynamic safety management, and constant enhancement of
complicated industrial systems.
In general, these works support the FMEA and system reliability analysis as an important tool in
industrial risk evaluation. FMEA offers a systematic way of locating and ranking the possible failures,
whereas the reliability systems of the existing system and emerging methods of data-driven techniques
can elevate the accuracy and efficacy of safety optimization designs. Altogether, the reviewed
literature shows that the integration of the old and new methods creates safer, more and more reliable
and efficient industrial processes.

Objectives of the study:
e To identify potential risks and failure modes in industrial workflows using the Failure Mode
and Effects Analysis (FMEA) approach.
To evaluate the impact of identified risks on workplace safety and operational efficiency.
To analyze how FMEA can be used to optimize safety measures and improve risk
management in industrial environments.

Research Methodology:
The paper employs a methodological and analytical research process to evaluate the risks and
maximize safety within the industrial processes through the Failure Mode and Effects Analysis
(FMEA). The methodology will be constructed in a structured way to determine the possible risks,
assess their severity, and suggest the appropriate safety concern.
Research Design
The research is descriptive and analytical. It is aimed at identifying the current industrial operation,
and evaluating possible modes of failure that can hinder safety in the work place and operational
effectiveness.
Data Collection
Data were collected using both primary and secondary sources.
e Primary data was collected on the basis of observations at industrial working processes,
communication with safety engineers, supervisors and machine operators, examination of
accidents records.
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e The secondary data were taken in the form of research journals, safety manuals, industrial
standards, and previous research pertaining to FMEA and industrial risk assessment.

Identification of Failure Modes
Major processes in industries were chosen to be examined. The potential failure modes were
determined and their causes and consequent impacts on safety and operations determined per process.
There was also accurate identification of risks carried out by expert opinions.
FMEA Application
Each identified failure mode was evaluated using three risk parameters:

e Severity, which is a measure of the effect of failure on safety.

e Occurrence which is an estimate of the probability of failure.

e Detection that evaluates the capability of determining the failure in advance.
Marking out of a certain standard scale was made and Risk Priority Number was determined by
multiplication of these three parameters.
Risk Analysis and Prioritization
Failure modes were ranked according to the Risk Priority Numbers calculated. Values of RPN
increased to indicate greater risks of safety that needed urgent measure. On the basis of given
prioritization, appropriate corrective and preventive measures were suggested.
Implementation and Evaluation
Safety measures suggested to be effective were evaluated to come up with estimates on their
effectiveness. Readdicted risk scores were found to assess how the level of safety was improved by
taking control measures.

Analysis of the study:

Table 1: FMEA Risk Rating (Severity, Occurrence, Detection)

Failure Mode Severity | Occurrence | Detection
) 0) (D)
Machine overheating 9 4 3
Slippage 6 6 4
Short circuit 8 3 5
Operator error 7 5 6
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FMEA Risk Rating
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Interpretation

The extent of machine overheating is the most severe because it may lead to severe harm. Operating
error has been detected to be more difficult meaning that there is necessity to improve supervision
and monitoring systems.

Table 2: Risk Priority Number (RPN) Calculation

Failure Mode S| O D RPN
(SxOxD)

Machine overheating | 9 | 4 3 108

Slippage 6 | 6 4 144

Short circuit 8 | 3 5 120

Operator error 715 6 210

Risk Priority Number

250
200
150
100
50
0
Machine Slippage Shortcircuit  Operator error
overheating
— e— ) D RPN (SxOxD)

Interpretation
The RPN value is maximum in operator error, this implies that it is the most critical risk. This implies
that risks that are human in nature need quick corrective measures compared to equipment errors.
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Table 3: Recommended Safety Actions and Revised RPN

Failure Control | Revised | Revise | Revise | New
Mode Measures S do dD RPN
Machine | Preventiv 9 2 2 36
overheati e
ng maintena
nce
Slippage | Anti-slip 6 2 2 24
flooring
Short Wiring 8 1 2 16
circuit inspectio
n
Operator | Training 7 2 2 28
error programs

Recommended Safety Actions and Revised RPN
40
35
30
25
20
15
10

Machine Slippage Short circuit Operator error
overheating
e Control Measures Revised S Revised O Revised D s New RPN

Interpretation

The values associated with safety also drop considerably after the safety measures were implemented.
This reaffirms the fact that FMEA can be effective in streamlining safety through prioritization and
direction of corrective measures.

Final conclusion:

The current work indicates the significance of risk evaluation and risk minimisation systematically
through industrial processes and the use of Failure Mode and Effects Analysis (FMEA). The use of
FMEA allowed locating the critical failure modes concerning the machinery, human operation and
working conditions. The use of the Risk Priority Number to rank the safety concerns by the study by
assessing the risks with regard to their severity, occurrence and detection parameters was successful.
The study conducted has shown that human factor mistakes and unsafe working conditions are major
hazards in industries. Better monitoring by implementing more focused safety precautions like routine
maintenance, staff training, and designing of the workplace led to the significant decrease in the level
of risks. It is evident that FMEA is highly effective due to the revised RPN values which help reduce
hazards and enhance safer performance.
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On the whole, the research proves that FMEA is a useful, preventive, and dependable means of
improving industrial safety. Its systematic method aims at enhancing informed choice, enhancing
continual enhancement, and aids industries to attain safer and more impactful processes of operation.
The results highlight that the implementation of FMEA into the routine safety management routine
can contribute to the astute minimization of accidents that occur in the workplace and enhance the
reliability of the operations.
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