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1. [bookmark: _Toc65880605]Introduction
 The aim of this report was to risk assess tasks performed during an assembly line process, and propose corrective actions in order to mitigate the identified risks. A Failure Mode & Effects Analysis (FMEA) was completed for the assembly of the braking components of a vehicle, both pre and post the proposed improvement actions. The braking assembly is a safety critical component, which must leave the assembly plant in working order and be of sufficient quality to meet user expectations.
 In order to conduct the FMEA’s, the values that were to be assigned to the severity, likelihood of occurrence and likelihood of detection were defined. The initial FMEA was performed given that no mitigation actions were in place, and the vehicle leaving the assembly plant being the limit for detection of the failure.  The mitigation actions suggested are actions that a large assembly line could practicably implement; some actions may not be cost effective or necessary for smaller vehicle assembly outfits.
 A specific vehicle type was not identified, although slight differences in assembly could alter the likelihood of detection and the severity of the failure. Due to the safety critical nature of the braking components, a single brake failure (i.e. front left calliper) was classified as a complete failure of the entire braking system. This is an important distinction, given smaller motorcycles may only have a single front calliper, and a failure of one calliper on a car should raise concerns regarding the rest.











2. [bookmark: _Toc65880606]Research / Literature Review
  Engineering roles can be found within many environments and projects. The nature of these roles  usually requires thorough relevant knowledge whilst following the correct ethical obligations. Within the automotive and transportation industry, not only is the safety of the end user of paramount importance, but ever increasingly vital is the safety of those involved in assembly/disassembly and the impact the lifecycle of the vehicle has on the environment.  
 Outlined by the iMechE Code of Conduct (2014), the expectation of engineers is that of integrity and quality of work. A very public example of this code being breached is the VW emissions scandal, in which the trust of both regulatory authorities and customers was betrayed, through the use of undeclared software to defeat emissions tests (Horn, 2015). Another example of shortcomings, which could be seen as lack of quality in testing although maintaining ethical practices, is the De Havilland Comet, which as a type suffered several catastrophic failures before the design flaw was detected. It was believed a cabin test pressurisation of double the normal working pressure, would be sufficient to account for the aircraft lifecycle. However, this was not representative of the material fatigue created by the actual lifecycle of the aircraft. Another contributory factor, was the minimal amount of research into material fatigue as a whole during the development era of the comet (Ministry of Transport and Civil Aviation, 1955).   The VW and De Havilland examples had very different outcomes, but show that an engineers’ work has the potential to risk reputation, finances and lives; especially when developing new technologies that could harbour many unknowns.
 As an aid to risk mitigation, FMEA’s have been in standardised use within the automotive industry since the early 1990’s (SAE International), although first developed by the US army in the 1940’s (Baynal, Sari and Akpinar, 2018). The main FMEA types used are system, design and process FMEA, where a complex automotive system is divided into its hardware, mechanical and software components. (Vanyi, 2016). An FMEA allows risk to be calculated; assigning values to the ‘likelihood of occurrence’ and the ‘severity’ of the event before multiplying the values. To be truly meaningful, FMEA’s require consistency within a business / manufacturing plant, following clearly defined severity and occurrence values. Without a defined approach, events across different areas of the plant would not be comparable by the calculated Risk Priority Number (RPN). Definitions and values vary between manufacturers, with some choosing to use non-consecutive values (e.g. 1,3,5,7,9) rather than consecutive (e.g. 1,2,3,4,5) to provide greater resolution for team members conducting the FMEA (PQRI, 2004). 
 To perform an FMEA, a cross-functional team is assembled (Rassiah, 2020). The inclusion of assessors from varying disciplines gives an experienced view of the task under scrutiny, but also a “back-to-basics” approach, from which questions can be raised by team members less experienced or less knowledgeable of the task, that may have been otherwise overlooked. In conjunction with an effective change management system, the impact of the mitigating actions is assessed with a second FMEA to ensure continuous improvement of processes.

3. [bookmark: _Toc65880607]FMEA’s For The Assembly of Braking Components
  The following definitions were used to assign the values 1, 3, 5, 7 and 9. The initial FMEA assumes competent technicians but no actions designed to mitigate risk.
Value Definitions for Severity;
1 – No impact on safety, the environment or reliability of the vehicle (e.g. The wrong colour stitching)
3 – Event has very little impact on safety, the environment or reliability of the vehicle.
5 – Event could cause injury, major environmental contamination or render the vehicle immobile over the expected lifetime of the vehicle (e.g. Would likely require a “safety recall” as best practice).
7 – Event will in the near future cause injury, major environmental contamination or render the vehicle immobile (e.g. Would likely require a “Stop Drive Recall” as best practice).
9 – Event will cause immediate serious injury, death, major environmental contamination or render the vehicle immobile.    (e.g. Complete brake failure, major fluid spill, absence of fluids).
Value Definitions for Likelihood of Occurrence;
1 – Event is extremely unlikely to occur (e.g. Major component such as fuel tank not fitted). 
3 – Event occurs sporadically.
5 – Event occurs 50 % of the time.
7 – The event occurs more often than not.
9 – Event will happen with almost complete certainty. Likely to be systematic (e.g. Technician knowledge gap or incorrect training).
Value Definitions for Likelihood of Detection (Detection prior to leaving Assembly Plant);
1 – Event will almost certainly be detected (e.g. Component will not physically fit during assembly).
3 – Event is likely to be detected.
5 – Event has a 50 % chance of being detected.
7 – Event is unlikely to be detected.
9 – Event will almost certainly not be detected (e.g. Electrical component malfunctioning).
[bookmark: _Toc65880608]3.1 Initial FMEA
Table 1 - Initial FMEA of braking component assembly.
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· Failure Mode (1) Rationale – “Brake calliper mounting bolts not torqued…”
· Occurrence – Potentially, without the correct tools (i.e. torque wrench) the mounting bolts could be insufficiently tightened, however it is likely a competent technician could judge this sufficiently for this not to occur every time.
· Severity – Potential for the calliper to come loose from the vehicle resulting in complete brake failure.
· Detection – Technician responsible for assembly would in most circumstances notice an excessively loose bolt, however there is potential for a “visually tight” bolt to be insufficiently torqued.
· Proposed Mitigation Actions – 
· Correctly calibrated tools should be used and technicians should have sufficient training in their use. Due to the safety critical nature, a dedicated tool pre-set to the correct torque setting would be preferred. Unapproved tools should not be kept at this workstation in order to avoid use. The approved tool should be calibrated at regular intervals of at least the manufacturers recommendation. Digital tools that record torque settings may be advantageous.



· Failure Mode (2) Rationale – “Incorrect brake disc size installed”
· Occurrence – Potential to occur if assembly line is multi-vehicle with the same fitment bolt pattern (e.g. sports model with larger disc).
· Severity – The contact surfaces of the disc and pads may not meet sufficiently resulting in a loss of braking power. 
· Detection – Likely to be detected by a technician when fitting the brake calliper over the disc, however it may be overlooked if there is not an obvious size difference.
· Proposed Mitigation Actions – 
· An automated parts delivery system with barcode identified components should greatly reduce the risk of incorrect parts being fitted. A vehicle model should have a component list, which assigns specific bar coded components to the chassis. Upon the arrival of the chassis at the workstation, it should be scanned along with the brake disc bar code. The automated system should make the technician aware when the brake disc scanned is not assigned to the chassis at the workstation. Implementing RFID tags into parts is also a possibility, and has been introduced by Lockheed to their F-35 assembly line (Neil, 2014). These are not physical barriers to fitting the wrong component, however the traceability of the parts would mean this would likely be detected prior to releasing the vehicle from the plant during final quality assurance checks.

· Failure Mode (3) Rationale -  “Brake pads installed in wrong orientation…”
· Occurrence – A competent technician would most likely not make this error, however human error cannot be overlooked.
· Severity – Major if not complete lack of braking power would occur.
· Detection – Once fitted within the calliper, the pads are not easily visible. It is very unlikely that the error would be detected by a second technician.
· Proposed Mitigation Actions – 
· Using a traceable automated parts system, vehicle specific parts can be preassembled or made into kits ready for chassis fitment on the final assembly line (Krammer, Neef, and Plapper, 2011). A pre-assembled calliper ensures that at least two technicians have witnessed the brake pad orientation; the technician that pre-assembled the calliper, and the technician that fitted the calliper to the chassis acting as a secondary checker.
· Once assembly of the vehicle is completed, a quality test should be performed prior to the vehicle leaving the plant. The braking efficiency should be tested and meet specification set by a control vehicle on an automated brake tester. It is very unlikely that the vehicle would meet the test requirements with incorrectly installed brake pads.

· Failure Mode (4) Rationale – “Brake line fitting not fully tightened”
· Occurrence – Potentially, without the correct tools (i.e. torque wrench) the hose fittings could be insufficiently tightened, however it is likely a competent technician could judge this sufficiently for this not to occur every time.
· Severity – Potential to cause a complete brake failure if sufficiently loose that there is no fluid pressure. It could be the case of a small leak coating the contact surfaces of the discs and pads. Additionally, any fluid leak from a motorcycle could cause lack of rear wheel traction. Brake fluid Dot 4 also falls under COSSH regulations as a serious health hazard (Morris Lubricants, 2015) and can damage painted vehicle components.
· Detection – If sufficiently loose a leak may be detected. It is likely to only be detected on application of the brakes, where a leak will occur under pressure before the lever loses resistance, or the brake lever will immediately have no resistance.
· Proposed Mitigation Actions – 
· Correctly calibrated tools should be used and technicians should have sufficient training in their use. Due to the safety critical nature, a dedicated tool pre-set to the correct torque setting would be preferred. Unapproved tools should not be kept at this workstation in order to avoid their use. 
· Once assembly of the vehicle is completed, a quality test should be performed prior to the vehicle leaving the plant. The braking efficiency should be tested and meet specification set by a control vehicle on an automated brake tester. Upon a satisfactory result, a final visual inspection of the brake fittings should be performed and recorded as complete.









[bookmark: _Toc65880609]3.2 Post-Mitigation FMEA
Table 2 - FMEA conducted after mitigation actions outlined previously had been completed.
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[bookmark: _Toc65880610]3.3 Pre and Post-Mitigation Action FMEA Comparison
Table 3 - Comparison of RPN values.
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4. [bookmark: _Toc65880611]Conclusion
 As shown in table 3, failure mode risk can be dramatically reduced using FMEA’s and implementing mitigation action. By analysing a process that from the offset seems relatively straight forward, possible failures can be identified and prioritised, enabling resources to be focused on minimising the greatest risk. Especially important to larger manufacturing and assembly facilities, a systematic approach to addressing risk reduces the likelihood of an underestimated or unforeseen failure (Baynal, Sari and Akpinar, 2018).
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