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[bookmark: _Toc65791999][bookmark: _Toc65792885]Introduction
This report includes the importance of the investigating different processes in process engineering. A certain process includes various steps. These steps should be evaluated properly in order to ensure the quality of the product. Failure Mode and Effects Analysis (FMEA) is a method for identifying possible problems in a design stage.
The failure mechanisms of a procedure are the various ways in which it can fail. The forms in which these errors will result in waste, damages, or adverse consequences for the consumer are referred to as results. Failure Mode and Effects Analysis (FMEA) is a technique for defining, prioritizing, and restricting failure mechanisms.
FMEA isn't a substitution for sound engineering. Rather, it improves good engineering by utilizing a Cross Functional Team's (CFT) training and information to evaluate a product's or process' structure works and evaluate the chance of loss.
FMEA is classified into two categories: Design FMEA (DFMEA) and Process FMEA (PFMEA).
So, it can be said that the analysis of the products and the processes has a broad scope in the industry. An industry cannot be called as functional without the investigation of the processes and the products. Therefore, the investigation of the processes and the products has importance. Its importance is further illustrated by the following description.
In the past, the faster a loss was found, the less it cost. If a deficiency is found late in the production or launch of an item, the effects are even more serious.
FMEA is one of the methods used to diagnose malfunction as early as possible in the design of products or method. Detecting a defect early in the product production cycle. The aim of the report is to provide authentication and approval of Adjustments Functionality Improved, to build a cooperation between product and process design, to change DFMA (Design for Production and Assembly) and to suggest possible alternatives that are less costly [1].
This is also important for engineering point of view because its important to for an engineer to design a reliable and sustainable product or process. In order to do that, a current product or process should be analyzed and evaluated. After that amendments should be made to compensate the failures and malfunctions in a design or process. A failure causes a lot of cost and an early detection of the failure reduces the loss. That’s the job of an engineer i.e., to design the process or the product with optimal economy. 
[bookmark: _Toc65704272][bookmark: _Toc65792000][bookmark: _Toc65792886]Literature Review
[bookmark: _Toc65704273][bookmark: _Toc65792001][bookmark: _Toc65792887]Design FMEA
Design FMEA (DFMEA) addresses the risk of product defects, shortened life span, as well as protection and regulation issues arising from [2]
· Product Features
· Tolerances in Shape
· Other modules and/or systems implementations
· Climates, user profile, decay, and device connections all add to engineering noise.

[bookmark: _Toc65704274][bookmark: _Toc65792002][bookmark: _Toc65792888]Process FMEA
Method FMEA (PFMEA) describes deficiencies that have an influence on market efficiency, process effectiveness, consumer loyalty [3], and protection or climatic risks as a result of:
· When sorting, Human Factors Techniques were used.
· Equipment that was used
· Tools that were used
· Acknowledgement is affected by measuring methods.
· Effects of the climate on process output

[bookmark: _Toc65704275][bookmark: _Toc65792003][bookmark: _Toc65792889]Time for the analysis
There are many circumstances in which a Mode of failure and Results Analysis is appropriate:
· When making a new item, procedure, or operation, keep these things in mind.
· When you try to do something new with a current procedure.
· When you want to increase the efficiency of a particular procedure,
· When you need to consider and strengthen a process's shortcomings

Furthermore, an FMEA should be done on a daily basis over the lifespan of a method. For best performance, consistency and durability must be monitored and revised on a regular basis.
[bookmark: _Toc65704276][bookmark: _Toc65792004][bookmark: _Toc65792890]Analysis Procedure
The FMEA method is broken down into seven stages [4], each with a series of main activities. The steps are divided to ensure that only the members of the team who are needed for each move are available. Quality-FMEA One's methodology was created to prevent traditional traps that make research time-consuming and unsuccessful. The Quality-One Three Direction Framework enables for task prioritization and effective team time management. Following steps are included in the analysis of the design of the process or a product:
[bookmark: _Toc65704277][bookmark: _Toc65792005][bookmark: _Toc65792891]Assembling the Team
The first step is to assemble the team for the analysis. This team is contained on specialized Engineers who are expert in different fields. Each of the team members is assigned a certain job. Pre-work involves the collection and creation of key documents. FMEA works smoothly through the development phases [5] when an investigation of past failures and preparatory documents is performed from its onset. Preparatory documents may include:
· Avoiding Failure Modes (FMA) Failures in the Past
· There are eight distinct types of problem-solving disciplines (8D)
· Diagram of a Boundary/Block (For the DFMEA)
· Diagram of Parameters (For the DFMEA)
· Flowchart of the Operation (For the PFMEA)
· Matrix with Characteristics (For the PFMEA)
For a good FMEA case, a pre-work Checklist is recommended. The below are examples of elements to have in your checklist:
· Specifications that must be met
· Generalizations about design and/or process
· Elements / Bill of Materials / Preliminary Bill of Materials
· Reasons of surrogate products that have been identified
· Interfaces could be a source of problems.
· Development decisions may have the lot of implications.
· Noise sources and climates could be a source of potential reasons.
· FMEA (Family or Baseline) (Historical FMEA)
· Methodologies of testing and control that have been used in the past on comparable items
[bookmark: _Toc65704278][bookmark: _Toc65792006][bookmark: _Toc65792892]Requirements through Severity Ranking
It involves entering tasks, potential failure, failure consequences, and intensity ratings. The pre-work records help in this mission by using recently acquired data to fill the first few columns of the FMEA (based on the workbook chosen).
It includes the functions, and the following are examples of potential functions:
· Requires, wishes, and expectations are all interpreted.
· Rules and regulations Program-specific standards Design criteria
· Quality requirements to be investigated
· Method results that are needed

Malfunction is not a choice. Methods can be described in five different ways as anti-functions or anti-requirements:
· Failure of the whole system
· Inability of a partial or degraded function
· Irregular lack of function
· Inability in more than one feature
· Inability in an unintentional feature

Consequences are the outcomes of loss, and each one is assigned an intensity number. If the Severity is 9 or 10, acts are deemed at this point. Recommended Measures that affect product / service architecture and resolve Failure Mechanisms on High Severity Ratings may be regarded (Safety and Regulatory)
[bookmark: _Toc65704279][bookmark: _Toc65792007][bookmark: _Toc65792893]Potential Causes and Prevention Controls through Occurrence Ranking
Where appropriate to a particular potential failure, sources are picked from development / process inputs or previous faults and positioned in the Cause column. In Path 2, the following sections have been managed to complete [6]:
· Failure Methods / Possible Causes
· Existing Preventive Measures 
· Rating of Frequency for each trigger
· Measures are established to resolve significant risk Intensity and Incidence varieties, as described in the Quality-One Criticality Framework, by classifying specific qualities, where specified.
[bookmark: _Toc65704280][bookmark: _Toc65792008][bookmark: _Toc65792894]Testing and Detection Controls through Detection Ranking
Path 3 Development entails the introduction of Identification Measures to ensure that the model satisfies specifications (for Model FMEA) or that the source and/or mode of failure do not enter a consumer if unobserved (for Process FMEA).
In Path 3, the following columns have been completed:
· Regulates for Detection
· Rating of Detection

[bookmark: _Toc65704281][bookmark: _Toc65792009][bookmark: _Toc65792895]Action Priority and Assignment
For intervention follow-up, the behavior that were decided in advance in Paths 1, 2, or 3 are given a Risk Priority Number (RPN).
For each possible failure / result, cause, and control combination, RPN is determined by multiplying the Intensity, Incidence, and Identification Ratings. RPN threshold values should not be used to direct behavior. This is a normal occurrence that results in bad team behavior. The following columns have been completed:
· Evaluate the action steps and appoint RPN to check back on them.
· Tasks are assigned to the right people.
· Assign deadline dates for actions.

[bookmark: _Toc65704282][bookmark: _Toc65792010][bookmark: _Toc65792896]Actions taken/ Decision Review
When precautions have been implemented and are effective in mitigating damage, FMEA Activities are terminated. An FMEA's goal is to identify and minimize threats. FMEAs that do not identify risk are regarded as ineffective and non-value-added. Since the team's efforts did not result in progress, time was lost in the review.
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The Core Team or Team Leader will re-rank the required rating score after successful validation of Risk Management [7] Actions (Severity, Occurrence or Detection). The new RPN will be calculated by multiplying the new rankings. As the initial RPN and the updated RPN are contrasted, the relative change in the design or procedure is verified. Columns finished in step 7 are:
· Magnitude has been reclassified.
· Incidence has been re-ranked.
· Identification has been re-ranked.
· RPN has been re-ranked.
· Repeat Step 5 to create new Activities before the threat has been remedied.
· The original RPN and the updated RPN are compared.
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As a responsible organization, members are encouraged to follow high ethical practices in order to:
· Members of the public should be protected.
· Members of the IMechE should be covered.
· Maintain the Institution's and the engineering profession's reputations.
The ethical principles are outlined in our bylaws and Code of Conduct, which extend to all IMechE employees.
Members are required to consult the Code on a daily basis and to behave in compliance with it during their membership, whether in a professional or personal capacity, and regardless of their rank, professional status, or country of practice.
The four principles include:
1. Up-to-date knowledge and skills are maintained
2. Act for integrity and respect for others
3. Sustainability is promoted
4. Engineering leadership is practiced

[bookmark: _Toc65704285][bookmark: _Toc65792013][bookmark: _Toc65792899]Risk Management 
The method of recognizing, evaluating, and managing risks to an organization's resources and profits is known as risk management. Financial insecurity, regulatory liability, strategy formulation mistakes, incidents, and natural hazards are just some of the challenges or dangers that could arise. For digitized businesses, IT security vulnerabilities and data-related risks, as well as risk control techniques to mitigate them, have become top priorities. As a result, organizations’ mechanisms for detecting and managing risks to their digital properties, such as confidential business data and a customer's publicly identified information, are gradually being used in risk management framework (PII).
Any corporation and organization face the possibility of unanticipated, damaging incidents that might cost them revenue or force them to close completely. Risk assessment enables businesses to brace for the unforeseen by threat reduction and additional expenses before they occur.
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The initial FMEA is given in the above diagram. It can be seen that RPN for second row is least, so no action needed. Also, RPN for third row is highest, so it is put at the highest priority for mitigation.  
The rankings assigned to the different parameters are based on experience and study. The probability of the first row is high so it is assigned number. Similarly, other modes of failure are assigned. The actions taken so as to reduce the risk and the probability and severity. For instance, the brake pad clip is used that ensures friction material touches the contact surface. 
[bookmark: _Toc65704287][bookmark: _Toc65792015][bookmark: _Toc65792901]Post-Mitigation FMEA
After taking the actions, the FMEA takes the form:[image: ]
It can be seen that the rankings have been altered for every column.

[bookmark: _Toc65704288][bookmark: _Toc65792016][bookmark: _Toc65792902]Conclusion
This report is focused on identifying the risks of potential failures. FMEA is generated based on study and experience. Each mode of failure is ranked according the severity, probability to occur and likelihood for its detection. If the mode of failure can be detected earlier there will be less risk associated to that type of failure. Similarly, if the threat for a particular is high then the RPN will be high that indicates that action is needed to reduce the risk of that type of failure. The value for RPN is lowest so no action is needed to amend that one. On the other hand, the RPN for row 3 is highest so it is put at the top in the priority list. After that, certain actions are taken to reduce the risk. Using calibrated tools to torque the nuts, help to torque the nut at the required level that reduces the risk. Similarly, using brake pad clip increases the probability that the brake pad touches the friction surface, thus, reducing the risk. Using CNC machines ensure that the line fittings are tightened properly. This also reduces the risk.
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process
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