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[bookmark: _Toc66136563]Introduction
The purpose of this report is to examine risk management in the automotive sector and tools/processes used to mitigate these risks. Specifically, the use of Failure Mode & Effect Analysis (FMEA) in the environment of an automotive production line.
For this report, an FMEA has been conducted on a section of an automotive assembly line concerning the braking system and a Risk Priority Number (RPN) value calculated. After this, mitigating actions have been implemented to lower the RPN value and a second FMEA performed.
In the conclusion for this report the effectiveness of the FMEA is discussed regarding this instance and within the automotive industry.

[bookmark: _Toc66136564]Research/Literature review
Engineers have a responsibility to the public of continuously striving for safety improvements in all fields that they are involved in. Not only is there an expectation from society that engineers always work to the highest standard, but it is also a key part of the IMechE’s code of conduct (IMechE, 2018) and in the Governments Health and Safety Executive handbook. (Health and Safety Executive, 2014, p. 10) 
FMEA’s were first used by the US military in the 1940’s and came into use by the automotive industry in the 1970’s with Toyota using it for catalytic converters (SAE International, 1975) and Ford as a reaction to the fuel tank issues on the Pinto. (Scheid, 2009)
The current standard introduced in 2019 is a merging of previous systems from the Society for Automotive Engineers (SAE), Automotive Industry Action Group (AIAG) and the Verband der Automobilindustrie (VDA)  to form the AIAG/VDA FMEA system. (AIAG, 2019)
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The chance of the brake calliper mounting bolts being incorrectly torqued are quite low as they are fitted by trained technicians with properly calibrated torque wrenches or even by machinery, however human error and computer glitches could still occur.
The potential severity of a failure here is very high, if the bolts are not tightened sufficiently then they could work loose over time and completely detach during the customers ownership, potentially during high-speed driving. Should the calliper come free at high-speed there is a very high chance of damage to other components and significant loss of braking force although the wheel rim would prevent it from fully coming off the vehicle.
There is a medium chance of the fault being detected as a visual inspection would not necessarily show that there was any fault. The most likely point of detecting the fault would be when the wheels are attached as the worker would most likely perform a quick check of components in that area.

It is very unlikely that an incorrect size brake disc is fitted and any chance of it happening would most likely be due to a mix up in the order of parts on the production line, especially if more than one model is being built on the same line.
The severity of the failure could be extremely serious, as if the disc is too small then there might not be enough braking force to stop the car in a safe distance. Especially if the pad is not fully in contact with the disc. Mismatched brakes on either side could also cause the vehicle to pull sharply to one side under heavy breaking.
This failure has a medium detection chance as there would be very little to give it away from a visual standpoint, however as mentioned above the pads and callipers not fitting correctly when they are installed would be a very good indication that there is an issue. However, if the wheels are fitted robotically then the issue could very easily go unnoticed.

A brake pad being fitted in the wrong orientation is extremely unlikely as many manufacturers design their pads so that they can only be fitted to the calliper one way. Even with symmetrical designs human error is unlikely because of the large difference between the friction material and the metal back plate. However, if a robotic arm is used and it picks it up in the wrong orientation then it could be fitted incorrectly.
Again, this failure is extremely severe as it is on a safety critical component. As bare metal would be in contact with the disc, the braking force would be greatly reduced as well as potentially veering to one side under heavy breaking if it is only on one wheel. Significant damage is also likely to occur to the back of the pad and to the surface of the disc. If the vehicle was to reach the customer in this state there could be a very serious accident with the manufacturer liable for damages.
Detecting this failure should be very likely, even though the pad would be obscured by the calliper it should be obvious to the worker that something is wrong when the wheel is being fitted. If this gets past the worker or the wheels are fitted by robotic arms, it should be detected when the vehicle is driven off the production line as there would be a distinguishable sound of metal scraping against metal, although this sound could be drowned out due to the noise of the assembly line. The issue might be able to be felt by the driver through the pedal or by the way the vehicle behaves when coming to a stop.

The possibility of one of the brake lines not being fully tightened is somewhat likely as there is the potential for human error. Having a twisted or stretched flex pipe could give an incorrect torque reading as that would take up some of the tightening force applied.
In the worst-case scenario this failure could also be extremely severe, if the pipe is not tightened sufficiently then the brake pressure in the lines could cause the fitting to give way entirely leading to a total loss of brake fluid and therefore braking, potentially causing a serious accident.
Initially there might not be much that would allow the fault to be detected, however a leak could eventually form and start leaving some residue around the fitting or start dripping onto the floor if the leak was large enough or left for enough time. Additionally, if brake fluid can get out then air might be able to get in, a spongey brake pedal when the vehicle is driven off the production line would be a clear indication that there is air in the brake lines.


All these failure modes could have their risks reduced by the same few actions. 
Having an extra layer of quality control would help to reduce human error/tool malfunctions and to make sure that components are fitted and torqued up correctly. 
Having a simple tool to double check the size of brake discs would cut down on the occurrence rating.
 Installing small parts by hand where a robotic arm could have trouble discerning the orientation would also help this. 
Extra quality control in the parts supply would also help to ensure that the correct parts arrive at the correct time and in the correct order. 
Using specialised torque wrenches that emit sound and/or light when the correct torque figure is reached should also cut down on human error, as would frequent calibration of any tools and machines used. 
Taking the vehicle on a quick shakedown/test drive after assembly would allow the operator to check that all the systems on the vehicle are functioning correctly and safely before the vehicle is shipped off to the customer/dealership. 
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Fully implementing the corrective actions mentioned in the previous section would give the new ratings as seen in Table 2. The severity of the failures would not change as that would require changes in the design phase rather than the assembly process.
Having the extra stimulus from the tools reduces the occurrence figure slightly as there is greater emphasis on the part/more obvious signs when the correct torque setting has been reached.
The detection figures have been reduced by a slightly larger amount as the extra quality control measures give an extra pair of eyes to pick up on any faults, reducing the human error factor and the shakedown allows workers to find and rectify any faults missed on the assembly line before the vehicle is released to the public and still within a safe environment.

Even with FMEA’s and other risk mitigation tools there will always be some risk that cannot be eliminated. Whenever people are involved in a process there will always be a chance of human error creeping in. Differing weather conditions will affect the shakedown of vehicles and it would be extremely time consuming if not impossible to wait and test all the vehicles in the same conditions, therefore there will always be slight differences during a brake test. As the shakedown would be on-site, it is unlikely that there would be anywhere to test high speed braking, so any faults with the system that do not show at lower speeds could be missed. Using electrical or computerised tools can also present an extra risk as glitches could form at any point and potentially go unnoticed until the next calibration.


[bookmark: _Toc66136567]Conclusion
The failure modes looked at in the FMEA have not changed in the order of severity but the RPN numbers have been reduced. Bringing in extra personnel and more advanced tools for quality control measures and to carry out more technical tasks has reduced the likelihood of the failures occurring, whilst performing a shakedown before the vehicle is shipped to the public has increased the chances of the failures being detected.
In this case the FMEA has been successful in reducing risk, however there are positives and negatives in the process as the rating assigned to each section are defined purely by the person assigning them. They could easily differ from person to person, therefore two people separately assessing the same issues could give completely different ratings, ending up with completely different results for the same failure mode.
An FMEA would be more effective if a group/committee with a broad area of expertise discussed the ratings before assigning them, however, a larger group runs the risk of disagreements over the wording and the ratings used. Another issue with the rating system is that there is no defined “gap” between each number, a 3 is worse than a 4 but nothing to say by how much. An FMEA is a tool that is designed to be revisited and updated over time, whenever there is a change to the part/process, however too often they are initially filled out and not revisited. All plausible failure modes are to be accounted for in an FMEA and as such they can be very time consuming and resource intensive to set up. (Scheid, 2009)
The large size and scope of the process could also cause some items to not have the necessary amount of time spent on them or be overlooked entirely, it needs to be broken down across a large team, taking up more resources and a greater potential for disagreements. (Hodge, 2014)
It does however provide a clearer, more logical way of presenting risk and helps identify potential failures early. They also improve over more traditional risk assessments where each failure is treated separately. Other advantages are that it allows for different ideas to come together and engineering expertise is gathered across a range of people. (Hodge, 2014)
They encourage problem prevention and if the FMEA is continuously updated over the life of the product/process then the possibility of the same failure appearing in the future is greatly reduced, providing it is continuously revisited. Conducting an FMEA may even be a legal requirement. Cutting down on failures before the vehicle is delivered to the customer has the double benefit of reducing potential warranty claims and increasing the public perception of the company.
To conclude, performing an FMEA is a useful tool to identify and mitigate risk but for it to be most effective it needs to be used with other tools and actions.


References
AIAG, 2019. AIAG & VDA FMEA Handbook. [Online] 
Available at: https://www.aiag.org/store/publications/details?ProductCode=FMEAAV-1
[Accessed 7 March 2021].
Health and Safety Executive, 2014. The Health and Safety Toolbox. [Online] 
Available at: https://www.hse.gov.uk/pubns/priced/hsg268.pdf
[Accessed 4 March 2021].
Hodge, S., 2014. Understanding FMEA, Its Benefits and Pitfalls. [Online] 
Available at: Understanding FMEA, Its Benefits and Pitfalls
[Accessed 6 March 2021].
IMechE, 2018. Code of Conduct Regulations. [Online] 
Available at: https://www.imeche.org/docs/default-source/governance-documents/code-of-conduct-regulations-(5-12-18).pdf?sfvrsn=2
[Accessed 4 March 2021].
SAE International, 1975. Reliability Analysis of Catalytic Converter as an Automotive Emission Control System. [Online] 
Available at: https://saemobilus.sae.org/content/750178/
[Accessed 7 March 2021].
Scheid, J., 2009. BrightHub PM. [Online] 
Available at: https://www.brighthubpm.com/monitoring-projects/47746-fmea-in-the-automotive-industry/
[Accessed 4 March 2021].


2

image3.png
Joe Judd (1

File Home Insert  Pagelayout  Formulas Data  Review  View  Help & Share & Comments
f"D[A Cotbr Jn A A Do Bwaptat General | B BB g‘ @ iy O 4
- Zoeite -+ | D~
baste Conditional Formatas Cel Sot8: Frda | Ansae
B I U~ v &~ lerge & Center ~ | 8 v % <9 o - byze
s u-E- MergeaiCenter ~ | B8+ 9% 9 | BB | TS e e | EiFomat= | ©~ Fiers Sate | D
V16 - £ M
A s < o e F 6 W 1 x L wm w0 » o & s T u v | w  x=

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

Likelihood of
Occurrence

Likelihood of | Risk Priority

Potential Failure Mode Detection | Number (RPN)

Potential Risk Remaining

Brake calliper mounting bolts not
torqued to correct level (Torque figure| Worker error. Tool failure.
to0 low)

Logistical failures. Surface/weather conditions
affecting test.

Incorrect brake disc size installed (Disc
size too small)

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

Slow speed of shakedown could mask braking
definciency.

Tool failure. Worker error. Air in the brake
system.

Brake line fitting not fully tightened
into caliper

1
2
3
4
5
6
7
8
9
10
11
2
3
“
15
16
7
18
19
2
2
2
3
P

2

Initial FMEA |_Ammended FMEA | (@) < »
i mo- ] + 9%
112

£ Type here to search @ e = C T Q2 & N & ACHEBNBO ZE gy N





image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

S University of Wales
Trinity Saint David

3




image2.png
AutoSave

FMEA Excel v20 ~

Joe Judd (1

fle  Home Inset Pagelajout Formuas  Data
ﬁ ?‘ Calibri S A A e
T~
Paste
BIU-|[HE- &-A-
) u &
Clipboard Font 5
wis - £
A 3 c 0 3 3 [

Alignment

Merge & Center +

1% Share

= @ @ EHinsert ~ Zvé\v/o ’

Fpetete ~ | [T
Conditional Formatas Cell | = Sortd Find& | Analyze
Formatting ~ Table~ Styles~ | [EIFormat~ | € Fiter~ Select~ | Data

Styles cells Editing Analysis

Potential Failure Mode

Brake calliper mounting bolts not
torqued to correct level (Torque figure|
too low)

Incorrect brake disc size installed (Disc
size too small)

:: Brake pads installed in wrong
1g | orientation, with friction material not
19 contacting disc surface

2
21| Brake line fitting not fully tightened
2 into caliper
2
)

| FMEA | Ammended FMEA

P Type here to search

Likelihood of
Occurrence

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

Number (RPN)

Mitigating Actions Recommended

Have an extra stage of Quality control where Torque
figures are double checked. Use computerized torque
wrenches that emit soud/light when correct figure s

reached.

"Supply & measuring tool to check for corredt size before
fitment. Extra personnel checking for correct dispatchy/use o

parts. Extra layer of quality control. Shakedown vehicie and
perform braking test.

Install by hand. Extra layer of quality control.
Shakedown/Test drive vehicle.

Have extra quality controls ensuring/checking for
correct torque settings. Shakedown the vehicle and
check for leaks. Static brake pressure test.

&
A EBmOBO 2z

© Comments

Sensitivity ~

|

1811
=]

08/03/2021




