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1.0 Introduction;

	Assessing the current assembly line for a large vehicle manufacture as a process engineer, the role of which is to seek out and exploit weaknesses and potential areas of failure, attempting to seek out failures and offer mitigating actions to correct failures. 
Engineers are held to a high degree of accountability, this is due to engineers designing and constructing almost everything used in modern day life, ranging from vehicles, aircraft to computers and buildings. The high degree of accountability however is not ill placed as any mistake can not only be costly to a company but also to human life. Failure is not tolerated due to such high risks. 
(Noble, 2021)

1.1 Aims and Objectives; 
To assess the competence of the assembly line for the vehicle manufacture a template for a ‘Failure Mode and Effect Analysis’ (FMEA) has been created, in this table four potential failures have been identified, these will be given a calculated ‘Risk Priority Number’ (RPN). By offering realistic mitigating actions and therefore re-evaluating the RPN the process should be made safer.
Once the FMEA has been constructed and re-evaluated, a technical report will be created. The technical report will discuss the relevancy of risk management as well as the process of conducting an FMEA with justifications for rankings and corrective actions.













2.0 Research/Literature Review;
As professional engineers, there is a responsibility to ensure that completed work of which is produced is ethical and safe. By continuing to uphold the highest professional standards engineers will protect themselves and members of the public from loss of life and harm, they will also be protecting and enhancing the reputation of both themselves and their profession. All of these responsibilities and therefore actions are expected by employers, professional bodies (such as IMechE) and society as a whole. 
(Noble, 2021)

2.1 IMechE/Professional Bodies;
Many professional bodies, such as the IMechE have published codes of conducts to allow engineers to be held accountable for their actions to ensure all responsibilities and professional work qualities are upheld. The aforementioned IMechE’s code of conduct has 4 main expectations of which engineers are held to; 
· Practice competently and maintain up to date skills
· Act with integrity and respect for others
· Promote sustainability 
· Exercise Engineering leadership
(ImechE, 2018)

2.2 Requirements of Risk Management;
	The automotive sector is one of which that contains very hazardous risks that range from assembly lines to hazardous chemicals. During the assembly line process there are automated machines of which can be harmful, if not fatal, if used incorrectly. The use of risk management systems ranging from simple checklists to detailed regular inspections allow for hazards to be observed and corrected.  A risk assessment allows for an examination of what could possibly cause predictable harm to people. It is useful in determining if more can be done to prevent harm. 
(Risk assessment, n.d.)






2.3 Failure Mode & Effect Analysis;
	Failure mode and effect analysis (FMEA) is a way to evaluate certain processes in order to show failures and assess the impact of such failures. The FMEA process uses multiple stages to display this information, such as; 
· What could go wrong
· Likelihood of failure
· Severity
· Likelihood of detection
Using this information, a risk priority number (RPN) can be calculated. The RPN is calculated by multiplying the likelihood of failure, severity and likelihood of detection, this can then be used to evaluate which potential failures are more of a risk.
(Improvement, 2017)
	There are significant benefits to use FMEA, such as; high probability of success, early identification, effective for evaluation and criteria for early planning of tests. By using the FMEA process a secondary amended FMEA may be completed after inputting mitigating actions and re-assessing all factors relating to the potential failure.
(Failure mode and effects analysis, 2021)
2.4 H&S Legislation;
	Health and safety legislation for the automotive sector is vast, it covers multiple factors, including (but not limited to); vehicle maintenance and repair, body repair, MOT testing and roadside recovery. The automotive industry has multiple regulations including;
· LOLER (Lifting Operations and Lifting Equipment Regulations)
· PUWER (Provision and Use of Work Equipment Regulations)
· COSHH (Control of Substances Hazardous to Health)
· PSSR (Pressure Systems Safety Regulations)
All of the above regulations help form the basis of the standards of which the automotive industry is held to, these regulations protect individual engineers, businesses and the public from damages, injury and fatalities.
(Inspection Regulations, n.d.)
(Health and saftey in motor vehicle repair and associated industries, 2011)



3.0 Initial FMEA;

The table below shows the template for the Failure Mode and Effect Analysis (FMEA). The table shows 4 potential failures, the relating Risk Priority Number (RPN) and also the mitigating action(s) recommended. 
[image: ](Table 1)

As can be seen from table 1 above, the potential failures have been individually ranked in terms of ‘likelihood of occurrence’, ‘severity’ and ‘likelihood of detection’. These 3 concerns are numerically configured to calculate an RPN. By using a combination of first-hand experiences and research, a numerical value has been able to be determined for each concern and scenario. Around 5% of vehicle crashes occur due to brake failure, meaning that likelihood of occurrence is lower in some aspects.
(Mann, 2015)

3.1 Brake Calliper Mounting Bolts;
	By using first-hand experience and research the likelihood of occurrence for calliper mounting bolts not being torqued to the correct level has been expressed as ‘8’. This is due to the likelihood of the bolts being either over tightened or under tightened, an experienced engineer will be able to ‘feel’ the correct torque for the bolts before damage occurs, however novice engineers may simply over tighten or under tighten the bolts.
The severity of both instances occurring is also expressed as ‘8’, this is due to, like almost all brake failure instances, that if a crash was to occur the driver and passengers of the vehicle maybe injured or killed, this can increase sevenfold in the automotive industry as child passengers may be taken into account.



The likelihood of detection has been expressed as ‘1’, the calliper mounting bolts are small, usually a 13mm bolt, this makes it incredibly difficult to see if they are correctly and accurately tightened, the likelihood of detection will increase however when the brakes are tested, but this may result in the vehicle crashing and therefore be too late to rectify. 
	By abiding by the mitigating actions set out in table 1, in reference to the brake calliper mounting bolts being incorrectly torqued, the issues will be void, this is due to the use of a torque wrench which will allow for accurate torque measurements. Also, the creating and using of an in-depth manual correctly will allow for any human error to be lessened if not completely dismissed in terms of any neglect of duties. 

3.2 Incorrect Brake Disc Size Installed; 
	 The likelihood of the incorrect brake disc size being installed is expressed as ‘2’ this is due to discs being easy to spot if a different size is used. Even an unexperienced engineer should be able to tell the difference between two different discs, however it is unlikely that the mistake will always be picked up.
	The severity for the incorrect brake disc size being installed is expressed as ‘5’, this is simply due to the fact that although a different size disc is installed, there will still be parts of the disc and pads creating friction and thus slowing the vehicle. However, due to the difference in size the descent of the vehicle is slower, causing the vehicle to have a longer braking distance, this could be fatal in a motorsport setting.
(Explained, Engineering Explained: Brake Systems And How To Improve Stopping Performance, 2015)
	The likelihood of an incorrect brake disc size being detected is rather quite high, this is due to the discs being visibly different, incorrect disc sizes may also have different stud hole sizes as well as placement and number. Therefore, the likelihood of detection is expressed as ‘9’, there is still a slight chance that it may not be detected.
	The given mitigating actions allows for quick visible confirmation when comparing the discs side by side, it also allows for measurements to be taken when simple observation does not satisfy.







3.3 Brake Pads Installed in Wrong Orientation;
	When brake pads are installed it is unlikely that the pads maybe installed the wrong way round, this is due to brake pads usually having a shiny outer exterior which is to face the outside of the disc, and a rougher and much duller side of which is the frictional material. However, it is not impossible for the pads to be installed the wrong way round and maybe easy to do so by an unexperienced engineer, thus, the likelihood is expressed as ‘3’.
	When the pads are installed the wrong way, the shiny exterior will be pressed to the disc, the shiny exterior has lower friction surface, this will cause the brakes to fail to slow the vehicle, this can be fatal and very severe, hence it is expressed as ‘9’.
	When observing the fitted pads, an experienced engineer should be able to see that the pads are the wrong way, with the frictional material facing outside. However, when fitted, the pads maybe fully covered by the calliper, especially on the inside of the disc. Therefore, the likelihood of detection is expressed as ‘4’.
 	The mitigating actions state that the brakes should be inspected by a secondary party allowing for any discrepancies in the work to be picked up and dealt with accordingly.  

3.4 Brake Line Fitting Not Fully Tightened;
	Depending on the location of the brake line fitting it may be easier to neglect tightening the fitting, however, when referring to the fitting located on the calliper the likelihood is expressed as ‘2’, this is because the removing of the brake line is not routine service and is commonly an individual task meaning that the engineer’s attention may not be diverted to other problems.
	If the brake line however is not fully tightened the brake fluid may leak out and prevent compression in the lines, meaning that the piston in the brake calliper is not forcing the pads to slow the rotation of the disc, this may cause fatalities and therefore the severity is expressed as ‘9’.
	The likelihood of a loose or a non-fully tightened brake line may easily go unnoticed by any engineer as the brake line is commonly located behind the calliper and disc, therefore, the likelihood of detection is expressed as ‘2’.
	The chosen mitigating actions suggest that an in-depth manual stating every step may be taken into account, therefore, decreasing the likelihood of the brake line not being fully tightened, also a secondary party may do a ‘safety check’ to approve the work done.





4.0 Post-Mitigation FMEA;
	Once the mitigating actions expressed in table 1 have been followed through a new FMEA table maybe created. The new table (Table 2), shows the new likelihood of occurrence and the potential risk remaining. ‘Severity’ and ‘Likelihood’ of detection however will not be changed because the mitigating actions do not affect these factors.

(Table 2)[image: ]

4.1 Brake Calliper Mounting Bolts;
	The mitigating actions from table 1 suggest that an in-depth manual may be constructed and implemented. Although, there is still a possibility that the manual may not be used by employees. Therefore, the likelihood of occurrence is expressed as ‘2’.
	The Risk Priority Number (RPN), has decreased by a factor of 4, showing that there has been a vast improvement after the mitigating actions have been implemented.

4.2 Incorrect Brake Disc Size Installed; 
	From table 1 the mitigating actions recommended for the incorrect brake disc size installed can be viewed as a comparison of the discs and measuring of the discs. If the mitigating actions are followed and carried out the likelihood of occurrence can be expressed as ‘1’. However, the measurements may still not be taken. 
The RPN however has decreased by 50%, showing that the implemented mitigating actions, if put into effect, will decrease the likelihood of occurrence.  


4.3 Brake Pads Installed in Wrong Orientation;
	The mitigating actions as displayed in table 1 suggest that a second party should investigate the brake assembly after the work has been completed, this will allow for any mistakes to be observed and corrected. If this is completed accordingly the likelihood of occurrence may be expressed as ‘3’. 
	The potential remaining risk however, maybe that a secondary party may be unavailable and therefore the inspection may be incomplete.
	The RPN has decreased by 1/3, this shows that the suggested actions will decrease the likelihood of occurrence, showing that it will be safer. 

4.4 Brake Line Fitting Not Fully Tightened;
	From table 1, the mitigating actions shown for the brake line not being fully tightened indicate that a secondary party and an in-depth manual may be the best course of action to deter the brake lines not being fully tightened. If both actions are fully implemented then the likelihood of occurrence can be expressed as ‘2’. 
The manual may not be used however and the secondary party may be unavailable, thus potential risks still may remain. The RPN has halved showing that the suggested mitigating actions when fully implemented decrease the likelihood of occurrence.














5.0 Conclusion;
	In summary, from the viewpoint of a process engineer seeking out weaknesses and potential areas of failure whilst looking for responses to correct failure using the FMEA process, the FMEA process has been found to be adequate as results have shown lower RPN figures.

5.1 Failure Mode and Effective Analysis;
	The FMEA tables produced have shown that the system is effective, showing that presented mitigating actions will lower risk priority number (RPN).  However, when calculating the RPN value, multiple issues arise, due to the method; (Likelihood of Occurrence) * (Severity) * (Likelihood of Detection). By using this method, the values of any given factor cannot equal 0, this is because, mathematically, when the other values are multiplied, the calculated RPN will be equal to 0. 
Another issue arises from use of the FMEA process, that of which is how the data set of the ‘Likelihood of Detection’ is composed. If the issue is likely to be detected a high number such as 9 can be given. However, when calculating the RPN, the high number will multiply ‘severity’ and ‘occurrence’ causing a larger RPN, which is shown to be an unfavourable outcome. A high likelihood of detection means that RPN is also high, although, a high likelihood of detection would be viewed as beneficial. 
	To an extent the FMEA is a useful tool for mitigating risk in the automotive industry, however, as mentioned before, there are issues with the calculations. There are other alternatives to FMEA, such as; 
· Hazard and Operability assessment, commonly used in chemicals and process, both of which are found in the automotive industry.
· Fault tree analysis/failure mechanism and rates in risk determination.
· Cause consequence analysis, used for examining chain reactions of failures. 
All of the above alternatives are excellent methods to analyse, asses and mitigate risk in multiple types of industry including automotive.
(FAILURE MODE AND EFFECTS ANALYSIS (FMEA), 2015)
(Joshi, 2014)
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The likelihood of detection has been expressed as ‘1’ the calliper mounting bolts are small,
usually a 13mm bolt, this makes it incredibly difficult to see if they are correctly and accurately
tightened, the likelihood of detection will increase however when the brakes are tested, but this
may result in the vehicle crashing and therefore be too late to act.

By abiding by the mitigating actions set out in table 1, in reference to the brake calliper
mounting bolts being incorrectly torqued, the issues will be void, this is due to the use of a torque
wrench which will allow for accurate torque measurements. Also, the creating and using of an i
depth manual correctly will allow for any human error to be lessened if not completely dismissed in
terms of neglect of duties.

3.2 Incorrect Brake Disc Size Installed;

The likelihood of the incorrect brake disc size being installed is expressed as ‘1" this is due to
discs being easy to spot if a different size disc is used. Even an unexperienced engineer should be
ablet to tell the difference between two different discs, however it is unlikely that the mistake will
always be picked up.

The severity for the incorrect brake disc size being installed is expressed as 'S', this is simply
due to the fact that although a different size disc is installed, there willstill be parts of the disc and
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: Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process The table below shows the template for the Failure Mode and Effect Analysis (FMEA). The table
. shows 4 potential failures, the relating Risk Priority Number (RPN) and also the mitigating action(s)
: Mitgating Actions Recommended recommended.

Using 2 torque wrench the bolts can be secured to the correct torque.

By using the vehicle manual, the correct torque can be found. Another

‘mitigating action maybe to construct an in-depth service manual.

‘Compare sizes to the previous disc, tis will allow visual conformation

2510 the disc size, furthermore, by using a rule and vernier caliper the
‘two discs can be measured.

Failure Mode & Effect Analysis (FMEA) - Braking Component Installation Process

Mitigating Actons Recommended

Ensure that a secondary checking is taken when the brake set s fully
installed, this can be done by another person as they have a higher
chance of finding an ssue.

"Using  torque wrench th bolts can be secured o the conect orque.
By using the vehicle manual,th correct torque can be found. Another
mitgating action maybe t construct a in-depth service manual.
‘Compare sizestothe previous disc,this willallow visua conformation
5 0 th dis sze, futhermare, by using 3 rle and vernier callipe the
two discs can be measured.

Construct an in-depth service manual instructing the brake lines be:
checked, also a secondary opnion could b useful and prevent isues.

w Brake pacs meabedawrone Ervue hat  seconday checing s aken when the bk st sl
s aientation, withriction materiat ot nae, s co b doe by aotherpersan o hy hve higher
z comacting i srtce hance o fnding an e,
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s (Table 1)

“ As can be seen from table 1 above, the potential failures have been individually ranked in terms of

b “likelihood of occurrence’, ‘severity’ and ‘likelihood of detection’. These 3 concerns are numerically

& configured to show their RPN. By using a combination of first-hand experiences and research, a

P numerical value has been able to be determined for each concern and scenario. Around 5% of

& vehicle crashes occur due to brake failure, meaning that likelihood of occurrence is lower in some

g aspects.

& (Mann, 2015)
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