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8.0 

1.0 Introduction:
Observing the assembly line of a large vehicle manufacturer as a process engineer, the aim is to explore weaknesses and areas of failure that can be rectified with responsible and corrective actions. 
    Engineers all around the world must understand the importance of risk management as it is a responsibility and duty of care to ensure what they are doing is ethical and risk assessed. By doing so, not only are they protecting themselves but also protecting members of the public. This actively demonstrates that by engineers’ risk assessing their work to a high standard their creations would also be safe, reliable and commended by the public eye. By having their work commendable in the public eye, the reputation of their profession and field of work also increases, making the occupation and engineers respectable including their creations. Any mistakes are not only seen from a negative point of view from the company but can also be costly to human life and the environment. Therefore, failure is not an option in engineering and cannot be tolerated.
(Noble, 2021)

1.1   Aims & Objectives:
 By assessing a stage of the assembly line, 4 potential faults were discovered. To realise how dangerous and serious the consequences can be for each fault a template for ‘Failure Mode & Effect Analysis’ (FMEA) has been created using Microsoft Excel. This template enables to give realistic rankings to the failures identified and calculate an overall ‘Risk Priority Number’ (RPN). As a result, this means that a realistic mitigating action can be offered for each failure to lower the RPN value. 
   After completion of applying a RPN value to each failure, the 4 faults will be reassessed and a new RPN value will be given for the failures with regards to keeping in mind that the implementations provided have been taken into account. 













2.0 Research/Literature Review:
By conducting research with the help of FMEA, it can be understood that failure to complete risk management can lead to serious repercussions not only for the engineers themselves but also for other people of the society. The standard of health and safety engineers choose to follow reflects in their work and is recognised all around the world. It is for this reason that a high degree of health and safety is not only expected from engineers but is also a requirement. The particular reason for this is that as well as putting their own lives at risk, other lives are also put at risk when engineers fail to complete risk management.
   To assist engineers in following risk management, the Health & Safety Act 1974 was passed to ensure that employers such as engineers must take care of their own health and safety as well as those who may be affected by their actions (Gov.uk, 2014), eliminating any hazards and risks as soon as possible.

In cases where risk management to the highest possible degree is achieved, top manufactures have very few workplace incidents of 1 in 2000 employees (Smentowski, 2017). On the other hand, manufacturers that rush risk management and do not complete it properly experience more workplace accidents where automakers are forced to shut down their machines for safety reasons, putting themselves and other employees at a greater risk as well as delaying the assembly line process. Furthermore, running the risk of operating machinery without full understanding of it can possibly be very harmful as the assembly line is full of machines from the beginning of the process in body shop all the way to the last step of inspecting the final build. These heavy machines can be very deadly if not operated adequately.

In addition to health and safety, engineers should also work to a high ethical standard. To promote this work ethic, professional bodies such as IMechE have published codes of conduct that guide engineers to meet the standards they should be aiming for. According to and believed by IMechE, below are the 4 main expectations from their code of conduct every engineer is expected and required to pursue:

· Practice competently & maintain up to date skills
· Act with integrity and respect for others
· Promote sustainability
· Exercise engineering leadership
(IMechE, n.d.)




3.0 Failure Mode & Effects Analysis (FMEA):
Initially begun in the 1940s by the U.S. military, FMEA is a stage-by-stage approach to recognise any possible failures in a design, manufacturing or assembly process. Failures can include anything such as any errors or defects that may affect the customer or anyone else (ASQ, n.d.).
   Failures are prioritised according to their likelihood of occurrence, how severe the failure can be meaning how serious the consequences could possibly be, and how easy or difficult the failure would be to detect. The purpose of the FMEA is to reduce any failures for future reference by providing a risk priority number and a mitigating action (ASQ, n.d.).

4.0 Initial FMEA:
The table underneath illustrates the Failure Mode & Effect Analysis (FMEA) spreadsheet, describing the 4 potential faults and its mitigating actions in regard to the aspects they are judged on. This is the initial FMEA to assess and observe the failure before amending it with a mitigating action. 

Table 1 Initial FMEA
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As identified by the table, each fault was judged on its likelihood of occurrence, its severity, and likelihood of detection. These aspects were then used to calculate a Risk Priority Number (RPN). Each column for each scenario was assigned a number out of 1-10 by using past experience and research for how often the fault could occur, how serious the consequence could be, and how easy it would be to detect the fault.




4.1 Brake Calliper Mounting Bolts:
By applying past experience, it can be identified that it is a failure or mistake that can occur quite often. The particular reason for this circumstance being that they can easily be over-tightened or in most cases under-tightened when being hand tightened due to the risk of a human error being great. Therefore, it has been specified with a reasonably high number of 7. 
   The severity level has been awarded with an 8. Reason being, it is a leading cause of brake failure and the end result could be fatal taking into account the passengers and other vehicles and humans surrounding the environment. 
   Unlike the other two values which have been quite high within reason, likelihood of detection has been awarded with a value of 1. This is due to mounting bolts not being very great in size and so it would be quite difficult to detect whether a bolt is torqued to the correct level or not just by observing with the human eye. 
   After careful consideration, these are the final values given for this fault. In other words, this now means that a Risk Priority Number (RPN) can be calculated giving the failure an overall final value. By multiplying the three values, the RPN is calculated to be 56.

This issue can be resolved by following the mitigating action provided. Using websites similar to AutoData, the correct and accurate torque setting for the mounting bolts can be detected according to the car being worked on as well as using a torque wrench to torque the bolts rather than choosing to tighten them by hand.

4.2 Incorrect Brake Disc Size:
Once again by implementing past experience, it can be determined that the likelihood of occurrence for such a failure is not very likely. In view of the fact that brake disc size is most likely checked in a manual of some sort or measured before ordering a new brake disc. For these particular reasons, likelihood of occurrence has been given a value of 2. 
   Although installing the wrong brake disc is dangerous and outcome can be severe and should be avoided at all costs, a wrong brake disc size would still deliver braking to a certain extent. Therefore, severity level has been given a value of 6 that somewhat falls into a middle ground.
   A component the size of a brake disc can be detected fairly easily, and the human eye of an experienced engineer is enough to highlight a fault in size. Taking these reasons into account, likelihood of detection has been given as 8.

An appropriate mitigating action for this fault would be to compare the new brake disc ordered with the previous brake disc taken off the vehicle brake hub. By comparing the two discs it can be identified if there is an issue with the sizes before it is installed onto the vehicle and anyone is put in danger.



4.3 Brake Pads in Wrong Orientation:
Likelihood of occurrence is valued at 3. The particular reason for this being that it is not very likely that brake pads would be fit in wrong orientation. However, it is still possible that when attention is divided a simple mistake like this is feasible. 
   Severity level for this failure is great because if brake pads are installed the wrong way there will be no friction between the bad and brake disc implying that the vehicle will not be able to slow down. A vehicle not being able to slow down is dangerous and fatal no matter what the circumstance or scenario. Brake pads in wrong orientation can also lead other components being damaged like the rotor which would most likely have to be replaced. For these reasons, severity level has been granted a high value of 9. 
   A failure like this is imagined to be quite easy to detect by any engineer when inspecting the brake system. Therefore, the possibility of detecting this failure is quite high (9). 

To avoid making this mistake, it should be ensured that while carrying out this task and any other task attention must be undivided wherever possible as divided attention leads to a higher possibility of making a mistake. Furthermore, if in doubt it is always best to get secondary advice on the correct orientation of the pads to ensure that the correct actions are being taken. As stated previously, taking the wrong decisions does not only put the driver of the vehicle at risk but also the vehicles and people surrounding the environment. Therefore, it is essential that the brake pads are installed the correct way.

4.4 Brake Line Fitting Not Fully Tightened:
When carrying out a general brake system check, brake lines are not concentrated on too much unless the calliper has to be removed which is a separate, individual check. This implies that if brake line is not removed the fitting does not need to be tightened. For this reason, likelihood of occurrence has been given as 2.
   However, in the event that brake line fitting is not fully tightened to the correct level, brake line can leak brake fluid which can result in ‘soft’ or no braking at all. This is obviously very severe and so valued at 9. 
   Detecting something as small as a brake line fitting can be quite difficult to detect just from observing using the human eye in terms of what extent it has been tightened to. That is why likelihood of detection is low (2).

A relevant mitigating action for such a failure would be to research/check the vehicle manual or use sites such as AutoData to determine the correct amount brake line fitting should be tightened. In addition to this, before forming the final decision, secondary advice is recommended as it always takes any doubts away.


5.0 Post-Mitigation FMEA:
Once an initial FMEA has been created with an appropriate mitigation action for each failure, a post-mitigation FMEA is great to rank the likelihood of occurrence, severity, likelihood of detection, and giving a new RPN taking into account the mitigating action provided has been practiced, as well as identifying the potential remaining risk after mitigating actions have been completed.

Table 2 Post-Mitigation FMEA
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5.1   Brake Calliper Mounting Bolts:
Having applied the mitigating action, the likelihood of occurrence has been lowered from 7 to a 4. This is because although the likelihood of making this mistake does decrease by following the suggested mitigating action, there is still a chance that this failure can occur again. 
   Even though the chance of this failure occurring has decreased, its severity does not become any less severe. If this failure was to occur it would still have the same life-threatening consequences by resulting in brake failure. Therefore, severity level has remained the same (8).
   Since the bolts are the same dimensions, it would still make it quite difficult for any engineer to detect if the bolts were loose or not just by looking at them. And so, likelihood of detection has also not differed (1).
   By amending the failure and applying a mitigating action, the overall RPN value was able to be lowered. 

However, despite resolving the issue there is still a potential risk remaining. Even after using sites such as AutoData, lack of knowledge about the equipment being used, which in this case is a torque wrench, could still lead to the bolts being torqued to the incorrect level. 



5.2 Incorrect Brake Size:
By implementing the mitigating action likelihood of occurrence has been reduced from 2 to a 1. By comparing the new brake disc with the old one removed from the vehicle before installing the new disc can avoid putting anyone in danger. As well as that, it will also save engineers time by avoiding having to install then remove the brake disc again to fit the correct one. 
   By comparing the new and old disc first, detecting an incorrect size can be made quite simple. From there, the correct decision can be made to wait and order the correct brake disc size. Therefore, the likelihood of detection has been increased from 8 to a 9. 
   However, if this failure was to repeat itself, the severity level would not change. It would still be quite dangerous for the driver and anyone else in that vehicle but also everyone in the surroundings of that vehicle because the driver would not have the normal amount of braking at their service. 
   
With a failure such as incorrect disc size, the potential risk that could remain could be as simple as not remembering to compare disc sizes before fitting the new one. 

5.3 Brake Pads in Wrong Orientation:
After applying the mitigating action suggested in initial FMEA, the possibility of lowering the likelihood of occurrence was created. By having undivided attention when fitting brake pads the likelihood of occurrence can be very low (2). 
   If the failure occurred again the consequences would still be very serious and so after consideration it was decided the severity level would remain the same at 9.
   Similarly, likelihood of detection was also decided to be kept the same (9) because if the failure repeated itself the engineer would spot the fault quite easily.

Potential risk remaining could be that the engineer with the task at hand could underestimate the importance of having undivided attention therefore, ignoring the mitigating action.

5.4   Brake Line Fitting Not Fully Tightened: 
The likelihood of occurrence has been decided as 1 because if the mitigating action of checking a manual/researching is used then the possibility of this failure happening is very low. 
   This failure is very severe (9) due to if the failure occurred the driver would have very little or no brakes at all.
   Likelihood of detection is been kept as a 2 which quite low. Reason being, it would be very difficult for any engineer to view the brake line fitting and determine if it is fully tightened or not.

A potential risk that is remaining is that, in order to fully tighten the brake line fitting it could be over-tightened. This could lead to fittings being damaged which could result in brake line leaking brake fluid. This would cause a brake failure.


6.0 Conclusion:
To conclude everything stated in this report, the importance of risk assessing any form of engineering task can be taken away as the main finding. This report shows that mistakes are possible and will be made during the assembly line process. However, with the help of a FMEA template, it is proven that by risk assessing tasks, failures can become easy to detect and any issue can be solved with an appropriate, corrective action.

FMEA is a tool and good method that enables the identification and prevention of any possible errors of a process or product before they occur. There are many benefits to using a tool such as FMEA. Along the lines of helping to increase customer satisfaction, it also improves the quality, reliability, and safety of the process. FMEA provides a structured process that highlights areas of concern which reduces mistakes and failures which in turn have a positive effect on the manufacturing cost by reducing process development time. (L.Smith, n.d.)
   On the other hand, the final RPN value could be made more accurate. Due to ‘likelihood of detection’ being measured with a high number, if easy to detect. On the contrary, when multiplied by ‘severity’ and ‘likelihood of occurrence’ values, the RPN value ends up being a high number. This is inaccurate because if it is easy to detect the failure it should help bring down the RPN value.
For these particular reasons, overall FMEA is an effective tool, making it easy to detect failures and provide mitigating actions to resolve said issue. 


Bibliography
(n.d.). Retrieved from IMechE: https://www.imeche.org/docs/default-source/governance-documents/code-of-conduct-regulations-(5-12-18).pdf?sfvrsn=2
(n.d.). Retrieved from ASQ: https://asq.org/quality-resources/fmea
(2014). Retrieved from Gov.uk: https://www.hse.gov.uk/pubns/priced/hsg268.pdf
L.Smith, D. (n.d.). Retrieved from ISIXSIGMA: https://www.isixsigma.com/tools-templates/fmea/fmea-preventing-failure-any-harm-done/
Noble, A. (2021). Engineering Responsibilities and Ethics. 
Smentowski, L. (2017, May 11). Retrieved from Today's Motor Vehicles: https://www.todaysmotorvehicles.com/article/automotive-manufacturing-risk-management/





 








2
Elisha Atif
image3.png
AutoSave @ orr

AEE O

Home Insert Draw Page Layout

Calibri (Body) v v A A

A

Formulas  Data

Review

View Q Tellme

Wrap Text

2 FMEA Excel

General

ditional
Formatting as Table

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

& Share  GJ Comments.

Jor

Find &
Select

Potential Failure Mode

Likelihood of .
Severity

Occurrence
Brake calliper mounting bolts not torqued
to correct level

Incorrect brake disc size installed 1
Brake pads installed in wrong orientation,

with friction material not contacting disc 2

surface
Brake line fitting not fully tightened 1

Likelihood of
Detection

Risk Priority

Potential Risk Remaining

Number (RPN)
2 Lack of knowledge about equipment could lead to
wrong torque setting on torque wrench.
54 Dis-remembering to measure/compare size of discs.
Lack of attention still could lead to pads being
installed in wrong orientation.
18 Trying to fully tighten the brake line it could be

perhaps over-tightened.

+ 140%




image1.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png
.’ Excel File Edit View Insert Format Tools Data Window Help

@® ® Autosave @orr () 5 9v

B FMEA Excel

Home Insert Draw Page Layout Formulas Data Review View Q Tellme

Calibri (Body) P A A = & 2b, Wrap Text v General @ E Fﬁ O %v F o & nsert v

X Delete v

= 0 .00 itic
. avAL & Mergeacentrev  EFv % 9 3 & | Conditional Format  Cell R

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

Formatting as Table ~Styles

Potential Failure Mode

Brake calliper mounting bolts not torqued to
correct level

Incorrect brake disc size installed

Brake pads installed in wrong orientation,
with friction material not contacting disc
surface

Brake line fitting not fully tightened

Likelihood of N Likelihood of Risk Priority N .
Severity N Mitigating Actions Recommended
Occurrence Detection Number (RPN)
Using a website such as AutoData can be used to find
56 the correct torque setting for the specific mounting
bolts.

Compare disc size to previous disc being removed from
the vehicle brake hub.

Ensure that attention to task at hand is undivided when
installing the pads. Take secondary advice on the
orientation of brake pads once installed.

Research/check the manual on how tight the brake line
should be before continuing. Secondary opinion is also
advised before completion of task.

Initial FMEA

© Fri19 Feb 14:50
a ©
1 Share  [J Comments

v O £

Sort&  Find & Ideas
v Filter  Select

110%




