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1. [bookmark: _Toc65830439]Introduction

In this report, a Failure Mode and Effect Analysis (FMEA) will be conducted and evaluated on the brake system assembly part of a car production line. When this has been completed, it will then be repeated considering the mitigating actions suggested in the initial FMEA.
It is in an engineer’s interest to minimize mistakes and accidents in any given procedure to keep people and lives safe, monetary loses to a minimum as well as to not allow mistakes to go out into the public eye and damage the reputation of engineers and the Institution of Mechanical Engineers (IMECHE). By reducing the number of possible mistakes in the production line overall efficiency will increase, due to less time being needed to correct any mistakes, risk to both line worker and customer will be minimized, both of which will increase profit margins to the company and increase the social standing and respect for engineers.
(Hodge S, 2014)
The aim of the FMEA is to eliminate risks where possible and minimize risk where not possible. This report will evaluate the effectiveness of the FMEA and any downfalls which may or may not occur.
Risk management in general is important, however when considering the effects of possible failures in a production line for automotive applications the possible dangers can be much higher. An example of such a failure would be the Audi TT initial launch which caused the death of 5 people in high-speed crashes due to a design flaw. This isn’t a failure of the production line so much as a design flaw however it does highlight the importance and significance of mistakes in the automotive industry.
(Ruff M, 2000)

2. [bookmark: _Toc65830440]Literature Review

The Risk Priority Number (RPN) is used to rank failures and issues from highest to lowest, it is calculated using the formula;

Each of the categories will be ranked numerically from 1-10, with 10 being the worst and 1 being the best.
It is necessary for the numerical ranking to be consistent throughout the FMEA so that all issues can be dealt with according to RPN, with the highest taking priority and requiring immediate significant action and the lowest, still requiring action, but possibly only subtle changes to the procedure. 
For numerical ranking to be conducted on when a failure will be detected (D), which is not a numerical quantity, one has been created and disclosed by Baynal (2018) which groups detection points and assigns numbers for each.
Line Point: 1-2
Final Point: 3-4
Pre-Quality: 5-6
Quality: 7-8
Detailed Quality: 9
Customer: 10
It will be estimated when any given fault should be discovered no later than, however this does require and rely on inspections being conducted thoroughly and properly.
The reason the ranking set out by Baynal is used instead of the one created by Dhillon is that it gives fixed points and ranking whereas the latter relies on more estimation and guess work, so for the most consistent outcome the two ranking systems will be combined.
Probability of Occurrence will be ranked by how likely a failure is to occur with 1 being least likely and 10 being most likely and will be grouped and ranked as set out by Dhillon B (1999) in Figure 1.
[image: ]

Figure 1: Probability of Occurrence Ranking, Dhillon B (1999)








[image: ]Severity of a failure will again be using the ranking system set out by Dhillon in Figure 2 Figure 2: Level of Severity Ranking, Dhillon B (1999)








The IMECHE states that an engineer’s responsibilities include, protecting the public and customer, by only working and acting within their current area of competence, to act with integrity and not purposefully deceive or mislead the public or the company and to promote sustainability among other principles. 
(Institute of Mechanical Engineers, 2018)
Performing a FMEA will help to achieve these principles as by reducing the number of failures in the production line the risk to the public will be reduced and by achieving this the product can be released safely and not under false pretenses that it is a complete and working product. Also, by reducing the number of failures the amount of energy and parts needed to rectify these failures will also be reduced making the production line a more efficient and sustainable one.
¹ An employer or company has a legal requirement, due to the Health and Safety at work etc. Act 1974, to ensure as safe a working environment for workers as reasonably possible. This includes general upkeep and maintenance of any machinery and any equipment needed to be used in the workplace as well as safe storing of any potential hazardous materials or equipment.  ² An employer must also reduce exposing people not under their employment to risks as much as possible, both during production and after, so this includes the product being safe to use in and by the general public as well as how the waste of the production line is dealt with.
(The British Government, 2015) 
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	Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

	Potential Failure Mode
	Likelihood of occurrence
	Severity
	Likelihood of detection
	Risk Priority Number (RPN)
	Mitigating actions Recommended

	Brake caliper mounting bolts not torqued to correct level
	5
	5
	9
	225
	Create a visual warning where the callipers are mounted on the production line and provide workers with a set and calibrated torque wrench and recalibrate them at regular intervals

	Incorrect brake disc size installed
	4
	1
	5
	20
	Make different wheel hubs so different size brake disc cannot be fitted to the wrong type of hub and therefore car

	Brake pads installed in wrong orientation, with friction material not contacting disc surface
	2
	10
	6
	120
	Mark the back side of the pads (non-friction side) with a bright paint or marker

	Brake line fitting not fully tightened
	5
	9
	8
	360
	Supply a visual warning advising workers to check tightness of fittings in the area that brake lines are fitted in


Table 1

Using the aforementioned systems ranks were given to each of the Potential Failure Modes shown in table 1. Brake caliper mounting bolts not torqued to correct level, was ranked a 5 for likelihood of occurrence putting it in the range of 1 per 400, as there is no visual aid to whether a bolt is done up to the correct torque and the tools and equipment needed to do this need to be calibrated meaning if they are not the bolt can be over or under tightened and there is no obvious way to see this. It was ranked a 5 on severity as a slightly over tightened bolt would have no issues however a loose bolt would normally cause a loud clunking noise whenever breaking which would cause the customer to bring the vehicle back for inspection and the problem could be rectified with only some dissatisfaction of the customer. The likelihood of detection of a loose bolt is low would be detected in a detailed quality control inspection as it is part of an essential part of the vehicle. The mitigating action is all that can be given to help assure the proper torque settings are followed, with a visual aid and to ensure the workers are supplied with accurate, calibrated equipment.
For the failure, incorrect size brake disc fitted, it was ranked 4 on likelihood of occurrence as it should be visually obvious between the different sizes of brake discs and therefore easy to tell which size is needed. It was ranked 1 for severity, under the customer may not even notice as if the brake disc fits the hub and within the caliper which can be assumed as if it did not it would not be able to be fitted at all, then the brakes will still work and will still be up to road worthiness however it may just not give the full braking potential the vehicle should’ve had. It was ranked 5 for detection, as it would be found in a pre-quality inspection as it is a fundamental feature of the car and it is easy to check with a tape measure if needed. The mitigating action brings in a practice called Poka Yoke, which is a Japanese method for mistake proofing by making the wrong part impossible to fit, so by making the hub only allow one size disc through a different placed disc securing bolt for each size disc means that a different size disc for that hub is impossible to be fitted.
(Griffiths M, 2020)
For failure number 3, brake pads installed in the wrong orientation, it was ranked a 2 in likelihood of occurrence due to a brake pad is very simple and it is obvious as to which way round it should be installed especially to someone who had been trained to do so, considering this the only way it would ever be installed incorrectly is by a genuine mistake or lack of focus. It ranked 10 in severity, as if the vehicle were released with this failure it would be likely to cause a crash due to massively decreased braking abilities creating a significant risk to life and well-being of the driver of the vehicle. It ranked 6 in likelihood of detection, in a pre-quality inspection, as it can just be checked visually as the correct and incorrect side are largely different visually so would be easy to spot. The mitigating action would be to mark the outside (non-friction material) of the pad with a bright paint or marker so that it brings attention to which orientation the pad is being installed in.
For failure 4, brake line fitting not fully tightened, it was ranked a 5 on occurrence, 1 in 400, it is an easy process to overlook and there is no visual way of checking the fitting is fully tightened, however it is an essential part of the entire braking system so special care should be taken towards it. It ranked 9 on severity, as again it could cause an accident if loose enough as when the brakes are used if the fitting is loose enough it will relieve the pressure in the braking system by pushing fluid out of the join instead of pushing the piston out of the caliper. It ranked an 8 on detection, as any leak would become apparent when the system is filled with fluid and pressure is applied to it. The mitigating action would be again to provide visual aid such as a sign, to remind workers to check the tightness of the fitting as it cannot be checked by eye.
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	Potential Failure Mode
	Likelihood of occurrence
	Severity
	Likelihood of detection
	Risk Priority Number (RPN)

	Brake calliper mounting bolts not torqued to correct level
	3
	5
	9
	135

	Incorrect brake disc size installed
	1
	1
	5
	5

	Brake pads installed in wrong orientation, with friction material not contacting disc surface
	1
	10
	2
	20

	Brake line fitting not fully tightened
	4
	9
	8
	288


















                  Table 2

Using the formula provided by Swapan (2017), which is 

A percentage reduction in RPN can be found and it can therefore be deduced what mitigating actions worked best at resolving the corresponding failures.
The mitigating action for failure 1, would reduce just the likelihood of occurrence as providing a visual aid would not decrease the severity or increase the ability to detect it, it would only make the problem a less common one. This also reduces the RPN by nearly half with an RPN reduction of 40%.
The mitigating action for failure 2 would again reduce only the likelihood of occurrence as it would be impossible to fit the wrong size disc because of this the RPN number would be reduced to 5 making the failure almost negligible, giving a RPN reduction of 75%.
For failure mode 3 the mitigating action would significantly increase the likelihood of detection as it gives an immediate visual cue to if the work were carried out correctly and would also decrease the likelihood of occurrence due to it making the correct orientation of the brake pads easier and would draw the eye of anyone working with the pads, again, bringing attention to the job at hand. The RPN number has also been reduced by 83.3%, meaning that this mitigating action was the most effective.
Failure mode 4’s mitigating action would bring the likelihood of occurrence down, but neither severity nor likelihood of detection, as all the purpose of it is to recall attention to that potential failure point so that the worker may double check or pay particular attention in the first instance to it. The RPN was reduced by a percentage of 20% making it the least effective solution to the failure mode.

5. [bookmark: _Toc65830443]Conclusion
In conclusion it can be seen that the mitigating actions suggested in table 1 have been estimated to reduce the RPN of all the given potential failure modes by at least 20% with the most effective solution being the one suggested for the 3rd failure mode.
[image: Risk Prority Number - Risk Matrix RPN and Seveirty] 










                                       Figure 3: Graph of Acceptable RPN, Hartwell J, 2020 
As can be seen in table 3 all of the failure modes apart from failure 4, the brake line fitting not being fully tightened, are well within the suggested acceptable risk range. Failure 4 is on the border between acceptable and needing correcting action, as such it would prove useful to reevaluate and possibly suggest more effective solutions for that particular failure.
The ranking systems which were used for severity, occurrence and detection have given a fair and continuous way to rank the failure modes and have produced the order of RPN between the failure modes which could have been expected, so overall the systems effectiveness was good and fair.
Another method which could have been used is, instead of calculating the RPN, calculating the SOD (severity, occurrence and detection), using the formula

However, this weights the ranking much more over by severity as well as slightly by occurrence, which would not yield the same results as those gained by calculating RPN, so it would be most effective to use both methods along side one another so that a possible combined ranking maybe given and then failures ranked and dealt with using both sets of results.
(Hartwell J, 2020)
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for determining the areas of greatest concentration. In other words, a
failure mode with a high RPN number should be given the highest
priority in the analysis and corrective action. The relationship
between the above mentioned parameters of FEMA may be
represented as in Fig. 26.3.
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2.2.3 Risk Priority Number (RPN)

In addition to the other risk assessment tools discussed in Chapter I,
an organization may choose to develop risk ranking tables based on
RPN to assist the decision-making process. The RPN approach is an
alternative to the risk matrix, also found in FMEA/FMECA. In
FMEA/FMECA, the analyzing team assigns each failure mode

numeric values that quantify likelihood of occurrence, likelihood of

detection, and severity of impact. So, each failure mode has a

the item's useful life. Table 4.1 describes the rankings of probability of
occurrence [7]. The severity of effect of an item's failure is the
consequences it will have for the next highest level of the system, the
system as a whole, and]or the user. Table 4.2 describes the rankings
of severity of effect [7]. The probability of failure detection is an
assessment of the proposed design verification programys ability to
detect a potential problem before the item involved goes into
production. Table 4.3 describes the rankings of probability of
detection [7].

Table 4.1 Rankings of Pravssitty of Occurence and Associstad Descrptons

Descripton of Ranking Probabilty of Occurtence  Rank
Very high the fallure is very kel to occur 1in2 10
Veryhigh 1ins 9
High the fallure ll occur often) 120 s
High indo 7
Moderste the fallure wll occur occaionslly) 1ins0 B
Moderste Lindo0 s
Moderste 1in1000 4
Low th fllure il raely occur) Lin4000 3
Low 1in 20,000 2
Remote (the failure is unlikely to occur) i1 in 106 1

Table 4.2 Rakings o Severtyof e Ec 0 Asaciad Descripons

Levelof Severity Rank

Very high the fallure il affectssfe product operation) 910
High there will e  high degree of customer dissatisfcton becuse of the fallure) 78
Maoderste the fallure wil generate some customer dissatisfactior) 456
Low th fllure il oy cause minor customer znoyance) 23
Minor (customer may not even become aware of the flure) 1
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2.2.3 Risk Priority Number (RPN)

In addition to the other risk assessment tools discussed in Chapter I,
an organization may choose to develop risk ranking tables based on
RPN to assist the decision-making process. The RPN approach is an
alternative to the risk matrix, also found in FMEA/FMECA. In
FMEA/FMECA, the analyzing team assigns each failure mode
numeric values that quantify likelihood of occurrence, likelihood of
detection, and severity of impact. So, each failure mode has a
numeric score to quantify (1) likelihood of failure occurrence, (2)
likelihood of failure undetected, and (3) severity of harm or damage
the failure mode may cause. All ranks are given on a scale from 1 to
10 (or 1-5). The specific rating descriptions and criteria for the
ranking of occurrence (O), severity (S), and detection (D) are defined
by the organization, FMECA standard, and/or the analysis team to fit
the products or processes that are being analyzed. Fig. 1V/2.2.3-1
shows typical 5,0 and D in scale of 10, for RPN calculation facility.
Here, one thing worth noting is that in the case of occurrence
likelihood, generally, component failures in E/E/PE, etc. are expressed

in terms of once in number of years, whereas in other cases it is

expressed in terms of number of items failed per (say) 1000 items.

Very high 1ins
High the fallure ll occur often) 120
High indo
Moderste the fallure wll occur occaionslly) 1ins0
Moderste Lindo0
Moderste 1in1000
Low th fllure il raely occur) Lin4000
Low 1in 20,000
Remote (the failure is unlikely to occur) i1 in 106

Table 4.2, Rankings of Severty of Fiurs et and Associsied Descrigions

Levelof Severity
Very high the fallure il affectssfe product operation)

High there will e  high degree of customer dissatisfcton becuse of the fallure)
Maoderste the fallure wil generate some customer dissatisfactior)

Low th fllure il oy cause minor customer znoyance)

Minor (customer may not even become aware of the falure)

Table 4.3, Rankings of Likeihocd of Desecion snd Assocsta Descriptions

Likelihood of Detection
Non-detecton ineitabie (potenti! design problems cannot be detected b the program)
Very low (program probaby wllnot b sbl to detect  potentialdesign problem)

Low (programis unlikely to detect  potential design problem)

Maoderste (program may detect  potential design problem)

High ther s good chance tha the program wil detect  potental design problem)

Very high (it is almst certain that the program will detect a potential design problem)

The risk priority number is expressed by

RPN = (OR) (SR) (DR)

where OR is the ranking of probability of occurrence.

(a.0)
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