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[bookmark: _Toc66121429]Introduction
This technical report aims to establish the potential risks and errors that can be found in the installation process of brake components on an assembly line. It is extremely important that engineers understand risk management as it educates and creates awareness of what a risk is and how easily they can occur, allowing the engineer to be able to detect and implement procedures to eliminate any risks they may come across. The main objective of this report is to assess the potential risk / danger of four identified problems within the brake component installation process. Another objective is to minimize the loss of product performance once the product has been given to the customer. Therefore, the aim is to identify and reduce the potential risk / dangers of the process by introducing methods and procedures to help develop the assembly line, reducing the overall risk and chance of the products performance being affected by the way it was assembled.


[bookmark: _Toc66121430]Research / Literature Review
Risk management has a huge impact in the success of a vehicle production line as stated by Larry Smentowski (2016) “Risks that go unaddressed can lead to missed production targets, safety incidents and vehicle recalls. Safety hazards, aging assets, and security threats” all of which will massively impact the business negatively. Not only will these affect the supplier’s business and reputation it also risks jeopardizing the company’s business and reputation too. Another aspect of risk management is the staff carrying out the work in the business. For any possible risk to be reduced a code of conduct is signed. When referring to the IMECHE code of conduct (2018, p.1) it states that,
 Members are specifically referred to By-law 30, which sets out the core ethical obligations for all members in the institution. The following Regulations are founded on the principles contained within this By-law and the statement of Ethical Principles published by EC(UK) 2007.
 Therefore, with these obligations in place those who sign it must carry out all principles when at the workplace. When continuing to talk about the staff it is very important that the company must be “crime aware” about their staff this can be evidently proven by Marsh Commercial (2021) expressing that companies must “Conduct rigorous employee checks, take steps to reduce lone worker risk.” Likewise, the IMECHE code of conduct (2018, p.1, CR2.3) states in CR2.3 “take all reasonable steps to ensure that persons working under their authorities are suitable equipped and competent to carry out the tasks assigned to them.” Not only will this ensure the employees have a safe background but will also prove they are qualified for the role. To help these scenarios from happening, thoughts need to go into what can be controlled, according to Larry Smentowski (2016) “risk management can be addressed by focusing on four key areas: safety, quality, obsolescence and security.” Therefore, if these areas are addressed the company is on the right track to have good risk management. 
Health and safety play a massive role in risk management and contain an extensive number of laws and rules to be put in place. In accordance with the health and safety executive, 
 Under the Health and Safety at Work etc Act 1974 you have to ensure the health and safety of yourself and others who may be affected by what you do or do not do. It applies to all work activities and premises and everyone at work has responsibilities under it. (2014, p.9)	
This law also ties into the Management of Health and Safety at Work Regulations 1999 which apply to every work activity and workplace and require all risks to be assessed and where necessary controlled. 
	A key standpoint of maintaining risk management is to keep records on any impending risk that could occur but also risks that have happened, to be able to introduce change to prevent the danger from taking place. There are several ways a risk assessment can be done, some examples are Fault tree analysis (FTA), What-if analysis, Hazard operability analysis (HAZOP) but the one that will be used for this risk assessment will be a Failure mode and effect analysis (FMEA) which was first developed by the US military in 1949. The Ford Motor Company reintroduced it in the late 1970’s for safety and regulatory consideration and used it effectively for production and design improvement. This method is often used in industries producing cars and car parts (Reniers and Meyer, 2016, p.131). 
FMEA is a procedure for determining where processes, products and designs are most likely to fail and why, its step-by-step approach identifies each failure mode, with the analysis then estimating the effects of failure. (Hodge, 2014).
The FMEA uses a probability scale between 1-10 to work out its overall risk priority number, showing how urgent the raised problems need to be corrected. Recommended issues are then addressed in the FMEA which if met will help reduce the risk priority number (RPN) of each identified issue if necessary, an amended FMEA can be laid out to see any remaining risks in the potential failures to see if they can be further addressed. 
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Table 1 - Initial FMEA
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When looking at the first potential failure, the likelihood of occurrence has been given a 7. This number has been given as it is not certain whether a torque wrench has been used when tightening the bolts, therefore it is unlikely to have been torqued to its exact specification. Severity has been given an 8. This failure has been valued at this figure because if the calliper mounting were to fail there is a potential catastrophic injury that could occur if the calliper becomes detached. The reason this has not been awarded a higher number is because a car has 3 other callipers to rely on stopping the vehicle, at low speeds this wouldn’t result in a great issue but in a motorsport scenario when a vehicle is on track it can be fatal as the brakes have a lot more pressure in stopping the car but not only this, the car will be imbalanced when under braking possibly causing it to spin out of control. For the likelihood of detection, a 9 has been given, this is because it is impossible to visibly check without a torque wrench whether a bolt is torqued to specification. These three values have resulted in an RPN of 504. With a figure this high the production line needs to be adjusted urgently to reduce the risk. For this to be reduced a recommendation has been implemented that suggests to in force a standard operating procedure (SOP) stipulating that mounting bolts are to be tightened with a torque wrench in which will show the manufactures specification for the amount of torque that needs to be applied. This will eliminate the chance of the bolts not being torqued to the right standard because a member of staff must adhere to their code of conduct which in the IMECHE code of conduct (2018, p.5, CR15.1) states:
 Comply with the obligations for health, safety, and environmental protection in relation to both organisational and legislative requirements and must be aware of the purpose of the legislation and be prepared to respond to future legislative demands.
	The second potential failure found is incorrect disc brake size installed. A value of 4 out of 10 has been given for the likelihood of occurrence, this is because it is extremely hard to attach the calliper to its mounting position if the disc is too big, however there is still a possibility it could happen with a smaller disc. A value of 8 out of 10 has been given for the severity, for example if a smaller disc was installed there is a greater risk that the vehicle will not be able to stop especially when the vehicle is reaching high speeds on a racetrack, this is due to the fact the car is not rated for a smaller disc rotor but also the disc may not have full coverage by the brake pad causing it to be even less effective. Furthermore, a lot more heat will be created through the smaller disc as the surface area is smaller, this will result in the brakes fading rapidly leading to inefficiency brake loss and potential fire. A detection value of 2 has been given because when the vehicle is inspected on the assembly line, if the disc rotor was too big, the wheel would not be able to spin as the disc will be stuck in the calliper. Alternatively, if the disc was too small there is a high possibility that the inspector will visually see that the disc does not sit right in the calliper but also when the vehicle is tested on a brake tester in the assembly line it will show the brakes are not substantial enough for the car. The recommended improvement is to have the vehicle visually inspected to see whether the brake pad covers the entire disc surface edge to edge once the brakes have been fully assembled. This will increase the likelihood that if there was to be any issue it will be detected before failure. 
	The third risk identified is the brake pads being installed in the wrong orientation. A value of 5 has been given for the likelihood of occurrence this is because when a pad is installed it can be placed in with either surface facing out, however a higher number was not given as in the code of conduct it states that staff must “have the relevant knowledge and expertise, time and authority to perform” (2018, p.1, CR2.1). If this failure was to happen the severity of this is catastrophic therefore a 10 has been given, this is because a brake will not work if the friction side is not touching the disc rotor as this will result in the contact being metal on metal which is a low friction surface and instead create sparks which could potentially result in other serious accidents for example if a vehicle was under heavy braking with sparks everywhere a tyre could potentially burst under heat causing the car to crash. With the aim of reducing the risk in mind introducing an SOP into this part of the assembly line has been recommended showing diagrams of the correct orientation the pads need to be placed also stating the wheel must be inspected to see whether the pad is placed correctly. Doing this will massively decrease the likelihood of occurrence but will also increase the likelihood of detection as the employee will visibly be able to see how the pad should be installed when it comes to inspecting it afterwards. 
	Finally, the fourth risk. An occurrence value of 7 has been given, the reasoning behind this is because a brake line is usually tightened with a spanner therefore it cannot be torqued down to a set value increasing the chance that it has not been fully tightened. For the severity factor of this failure a value of 8 has been given, this is because if a brake line was to come off it leaves that vehicle with less braking force, on modern race cars they use separate lines for the front and back therefore you will not lose all braking force. This allows the car to still slow down but not to the same extent. The likelihood for this risk to be detected is very slim therefore a score of 9 has been given because it is not possible to visually see if something is fully tightened. Enforcing an SOP has been recommended giving a step-by-step guide showing how to install the brake lines and stating that all fittings are to be re-checked and tightened for correct tensions. In doing this it will reduce the likelihood of occurrence as employees will be more familiar of the correct procedure but will also increase the detection rate.
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Table 2 - Amended FMEA
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Now that the recommendations have been implemented.  As visible in table 2 there is still some risk within the process. Starting with the brake calliper mounting bolts we can see the numbers have significantly reduced from an RPN value of 504 down to 40. The potential risk remaining is down to the equipment used itself as the torque wrench may not be set to the value stated or even depending on whether the instrument has been recently calibrated because it may be out of calibration as referred to in the appendix.
	The remaining issues that were identified have been greatly reduced as well, resulting in final scores of 16, 20 and 16. The only remaining risks here are down to the employee’s disobeying the code of conduct (2018, p.3, CR2.3) which states “Be or become aware of the risks of failing to achieve objectives”. The objective of an FMEA is to reduce the risk and therefore if they are not cooperating and following protocol the risk will remain, they will also be ignoring the SOP that has been put in place. In doing this it could result in suspension or even losing their job.
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In conclusion, four risks were identified in an assembly line and have been assessed using an FMEA. From filling out the FMEA, recommendations were given and implemented to reduce the RPN. The recommendations included using more advanced equipment including a torque wrench, so bolts can be torqued to specification. Adding better protocols such as standard operating procedures which demonstrate how the role must be done were also recommended therefore if the employee were to ignore this protocol, they would be ignoring their code of conduct. Overall, once the mitigation measures were implemented a second FMEA was done and the scores have decreased greatly reducing the chance of the risks massively. The possibility of the risks will always be there as quoted by Carl S Carlson (2012, p.19) “No amount of skill will anticipate and prevent every possible problem and risk” which indicates one pitfall of using the FMEA as the effectiveness on the assessment relies heavily on the team behind writing it (Hodge, 2014), however doing this FMEA has greatly reduced the chance of fatal accidents occurring in the future. 
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Torque wrenches are recommended to be tested every 12 months; due to their constant usage they are vulnerable to fall out of calibration. Not only can they fall out of calibration over time it can also be affected if they are dropped, therefore if a torque wrench is dropped it is recommended to be recalibrated reducing the risk of it being out of calibration (Fox, 2019).  
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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

 Visually inspect that the brake pad covers the entire 

braking surface edge to edge after brakes have been 

fully assembled.

Brake calliper mounting bolts not 

torqued to correct level

7 8 9 504

Standard operating procedure (SOP) stipulating 

mounting bolts to be tightened with torque wrench

Incorrect brake disc size installed 4 8 2 64

Standard operating procedure (SOP) stipulating that 

once the brakes have been fully assembled all bolts / 

fittings are re-checked for correct tensions. 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

5 10 2 100

Observe brake pad orientation, ensuring friction side 

of pad is facing the brake disc.

Brake line fitting not fully tightened 7 8 9 504
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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)

Potential Risk Remaining

Brake assembly instructions not followed.

Brake calliper mounting bolts not 

torqued to correct level

1 8 5 40

Torque wrench could be set at the wrong setting 

/ out of callibration.

Incorrect brake disc size installed 2 8 1 16

Standard operation procedure not followed 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

2 10 1 20 Pad orientation not observed 

Brake line fitting not fully tightened 2 8 1 16
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