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[bookmark: _Toc65604840]Introduction
  This assignment is structured around the viewpoint of a process engineer working in the automotive industry. The focus of the assignment is to evaluate the current assembly line process and survey for any weaknesses or potential areas of failure with the vision to rectify these flaws with-in the assembly line in its current form. 
  Risk Management is a crucial element in any industry however in sectors where more heavy machinery and dangerous tasks risk management becomes even more vital for the company. Risk Management revolves around potential risks that could happen within a company. Risk Management enables the company to avoid legal actions taken against them by identifying and eliminating risks before they occur. 
[bookmark: _Toc65604841]Research/ Literature Review
[bookmark: _Toc65604842]Failure Mode & Effect Analysis (FMEA)
  One might question how to identify the risks and how to implement measures to terminate failures; the most recognised method applied is the Failure Mode & Effect Analysis more commonly referred to as the FMEA. “The purpose of the FMEA is to take actions to eliminate or reduce failures, starting with the highest-priority ones.” ASQ (2021)” Reviewing the information above the purpose of the FMEA is highlighted. The FMEA targets the potential failures with the highest risk priority number first which can be calculated by using the FMEA process.  In turn this enables the company to minimise and eradicate all potential risks and failures along the production line allowing for a smooth and trouble-free manufacturing process. “Failure modes and effects analysis also documents current knowledge and actions about the risks of failures, for use in continuous improvement.” ASQ (2021)” This shows that applying the FMEA will not only address current issues on the production line but will prevent future accidents occurring. With the risks of the production line already identified the future of the production line should be safe. The company can always adjust their risk management process to always be on top of potential risks on the production line.
   FMEA is prone to failure just like every method; ”A Bias Towards Severity Ratings, Problem of Scope, An Ever-Increasing List of Possible Failure Modes, FMEA Is Only as Good as the Members of the FMEA Team, If FMEA Is Not Started at the Design Stage, Its Effectiveness Is Weakened, Experienced Operators Should Be Part of the FMEA Team.”A.”MJ ODwyer. (2010)” Taking these issues into account the FMEA is still a simple but effective process enabling the company to identify, rank and extinguish any potential failures. There are alternative methods to choose however the FMEA process is popular for its ease of use and effectiveness. 
[bookmark: _Toc65604843]Risk Management
  Risk Management is the evaluation of risks with the main aim being to identify possible risks before they take place. Risk management is vital in all industries but in sectors where the implications could be between life and death the importance of risk management is accentuated. “In automotive manufacturing operations, risks that go unaddressed can lead to missed production targets, safety incidents and vehicle recalls.”(Smentowski, 2017)” This quote indicates how important it is that a production line operates smoothly. If any hindrances take place it will cause major issues for the company by delaying production which will effect their production numbers and profit margins. If issues are left untouched it could end with employees or even customers suffering severe or even fatal injury. The purpose of applying risk management is that these risks will be minimised or better eliminated reducing the probability of any accidents occurring. 
  If a big failure did occur depending on the scale such as forcing the production line stopping could potentially result in the company going under. A survey of 101 manufacturing executives in the automotive industry, conducted on March 27 2005 stated that “While one minute of stopped production, or downtime, costs an average of $22,000, some survey respondents cite the figure to be as high as $50,000 per minute.” Advanced Technology Services, Inc. (2006)” This highlights the importance of risk management and methods such as FMEA is to help mitigate any risks or failures occurring on the production line. This survey puts the damage of a failure into perspective displaying how a failure can affect the company. Since 2005 when this survey was conducted costs have drastically increased in the modern world so these stoppage costs should be expected to be greater.  There are plenty of articles out there where incidents have occurred costing big vehicle manufactures hundreds of thousands such as “PRODUCTION LINE FAILURES COST JAGUAR LAND ROVER £900,000.” IOSH Magazine (2017)” which took place in February 2015. This title further reinforces the implications of an accident occurring on the production line in this instance costing Jaguar, Land Rover almost £1,000,000. The article states the cause of the accident which involved a delivery driver four other cars and three employees one who sustained severe injuries resulting in him having his right leg amputated. With employees being injured the company are put under major risk of being sued which could result in them having to pay out a large sum of money to cover the damages. “Driving a vehicle onto the start of the production line, an event that normally happens 48 times an hour.” IOSH Magazine (2017)” this quote indicates that this was a freak accident due to the occurrence of the delivery driver performing this action however this displays that accidents do happen and in some cases such as this one it can cost the company a fortune. For situations like this transpiring it exhibits the importance of the company conducting risk assessments and using FMEA to identify the potential of something like the Jaguar Land Rover event arising and put measures in place before it happens. 

[bookmark: _Toc65604844]H&S Legislation
  The Health & Safety Legislation contains a vast amount of information covering occupational health and safety in Great Britain for all business sectors. The legislation contains sections on numerous regions in the workplace such as; Responsibilities of both Employer and Employee, COSHH, Electrical Safety, Maintenance and PPE. All of these sections are relative to the automotive area however Machinery and PPE are heavily utilised in the automotive industry, so these are the areas focussed upon. 
As an employer “It is your responsibility to provide:  
■ information that is easy to understand and follow so workers are aware of the hazards and risks they face.
■ clear instructions so everyone working for you knows what they are expected to do.
■ adequate health and safety training that is relevant and effective. 
■ an appropriate level of supervision, which is particularly vital for new, inexperienced and young workers.”” (Health and Safety Executive, 2014, p.30).“ The points above outline the basic responsibilities the employer has to provide for their workers. Being is the H&S Legislation the employer must follow these guidelines. Adhering to these instructions will help create a safe work environment for the workers of the company. With information available to staff, measures in place and supervision amalgamated together will minimise risks to occur on the production line. 
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  “A company were prosecuted after a worker was killed when he was crushed in the rollers of a rubber and cloth inspection machine.” (Health and Safety Executive, 2014, p.64).” This case study is a perfect example of what can happen when safety measures are not in place. This is the worst possible outcome, but it shows how severe the injuries can be. For reason such as this case study above it exhibits how important it is for companies to follow the H&S legislation, so all of the correct measures are in place.
  “Injuries can also occur due to machinery becoming unreliable and developing faults or when machines are used improperly through inexperience or lack of training.” (Health and Safety Executive, 2014, p.68)” In the automotive sector where machinery is abundant this reinforces how pivotal maintenance is to avoid any injury and liabilities. This point also highlights the importance of training for workers to correctly and safely operate the machines to protect not only themselves but other employees from harm. 

[bookmark: _Toc65604846]PPE
  Personal Protective Equipment is common in modern industry designed to protect workers from injuries that have happened in the past. PPE is a key area in the H&S legislation due to past incidents occurring. “A commercial gardener was using a petrol-driven strimmer to trim undergrowth. He hit a piece of unseen debris, which was thrown into the air and caught him in the eye. He lost the sight in that eye because he was not wearing protective goggles”(Health and Safety Executive, 2014, p.80)” with the lack of PPE such as protective eyewear this gardener lost his eye, this is an exemplary case study for how important PPE is for workers health and safety. In the automotive industry thanks to the likes of H&S and the FIA the auto industry is a lot safer than in the past. When it comes to selecting the appropriate PPE you have to think of the task in hand and what elements of the body are being exposed. 
  “Choose products which are CE marked in accordance with the Personal Protective Equipment Regulations 2002”” (Health and Safety Executive, 2014, p.81)” CE marked products enable the employer to know if the safety equipment has been designed and constructed to meet safety regulations by being approved by the government. 
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The table below exhibits each number with its ranking and definition. The table descends from values which require immediate action (9.0-10.0) to value where next to no action is required (1.0-2.0) This table displays a scale for the FMEA to follow:
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  The mitigating actions recommended (MAR) for all PFM’s would be to have an additional member to supervise the task in hand and inspect the action that has been performed along with multiple bolt checks across the production line. In addition, if all workers sign off tasks completed it should should eliminate PFM’s going undetected. 
  Analysing the rankings as displayed above the potential failure mode (PFM) with highest risk priority number (RPN) was the brake calliper mounting bolts not being torqued to the correct level. This was ranked the highest due to the PFM being highly likely to occur and has a low probability of detection. The PFM does not specify if the mounting bolts have been over or under torqued. Best case scenario would be over torqued for the safety of the occupants inside of the vehicle as the calliper will be secure however for maintenance purposes the bolts and threads might be damaged. The worst-case scenario would be if the bolts are under torqued, in the instance the calliper could have the ability to move which would affect the pads ability to make contact with the brake rotor causing the brakes to be ineffective. If the calliper has excessive movement the pads could loose complete contact with the rotor which would lead to the vehicle having no brakes which would be fatal. 
  The mitigating actions recommended (MAR) for the calliper mounting bolts was to employ a high-end digital torque wrench which should ensure the process is more accurate due to the tolerances being lower than a standard torque wrench. Tools play a large vole on the accuracy of the task in hand by keeping equipment well maintained values should be consistent across the board. 
  The PFM with the lowest RPN was the incorrect brake disc size being installed. The RPN value was so low due to the likelihood of occurrence being low, the probability of detection being high and this implication not being that severe. This PFM would only occur if the wrong brake discs were ordered for the vehicle, a different brake disc was installed from another car model or the employee installed the brake discs back to front. This should be easy enough to detect as the calliper would not line up with the brake disc correctly along with the brake setup not looking correct of the car with either a too large or too small brake disc. If a disc too small was installed the pads would have less surface area to make contact to decreasing braking performance and leading to uneven pad wear. A small disc will have less surface area to dissipate the heat which could lead to cracking of the brake rotor. If the disc is too big depending on how the calliper is installed not all of the disc will be used and could cause damage to the calliper hindering rotation. 
  The MAR for the incorrect brake disc were to have all components of the brake system laid out correctly in preparation for installation to make the install easier. Separate the front and rear brake setups to avoid confusion and mismatching of components. The final MAR was to separate different car models on the production line so that parts do not get mismatched. 
  The PFM that was ranked most severe was the brake pads being installed in wrong orientation. It was ranked the most severe due to the brakes not being able to slow the vehicle if the pads are the wrong way wrong. The back of the bad pressing against the rotor will lead to excessive heat which will inevitably result in a fire. The RPN of this PFM was low due to the likelihood of occurrence being relatively low and the probability of detection being high. 
  The MAR for the brake pads being installed in the wrong orientation were to have a knowledgeable and experienced employee install this component in attempt to avoid incompetence. For the employee to double check before installing the pads that they are in the correct orientation. Label and organise the pads before installation for a simple installation. If the PFM does occur by performing a brake test the PFM will be detected by noise, sparks and poor brake performance. 
  The PFM with second highest RPN was the brake line fitting not fully tightened. This PFM had the joint highest likelihood of occurrence due to it being so easy to not fully tighten a fitting. This PFM had the lowest probability of detection due to brake lines being unseen when viewing the car from the outside. This PFM could become rather severe if the owner was careless and did not check their brake fluid as if the fitting is not fully tightened the lines will leak fluid which could lead brake failure if there is no fluid in the system. 
  The MAR for the brake line fitting not fully tightened were to have a knowledgeable and experienced employee install this component in attempt to avoid incompetence. For the employee to double check the if the brake line fittings are fully tightened. To ensure that the PFM is detected tests such as running fluid through the system to check for leaks, visually inspect the lines for leaks and bleed the breaks to check for any air entering the system, can be performed to test for issues. 

[bookmark: _Toc65604850]Post Mitigation FMEA
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  Implementing the recommended mitigating actions, the both the likelihood of occurrence and RPN values have values have significantly decreased especially the RPN, highlighting that these risks have been drastically decreased and almost eliminated. The Severity values have stayed the same due to if the PFM occurring it would still be just as severe. 
  The brake calliper PFM’s RPN value dropped massively from 252 to 36, the main cause for this drop is due to the likelihood of occurrence value going from a 7 to a 3 which is thanks to employing digital tools which are more accurate with lower tolerances than traditional tools. The likelihood of detection has dropped from a 6 to 2 due to routine checks taking place over the duration of the production line to ensure the bolts are torqued to the correct value. Despite these measures being placed there are still potential risks remaining (PRR) for instance a miscalibration with the digital tools causing inaccuracies could arise due to excessive use. There is also the chance of it going unnoticed by the supervisor on the production line. 
  The brake disc PFM is still has the lowest RPN value going from 36 to 8 almost eliminating the PFM all together. The low RPN value is due to laying out the components before installation splitting both front and rear brake setups along with different car models. There is still a small chance that components from other models make their way onto the vehicle due to a mix up. Another PRR is that the incorrect components are ordered or delivered to the production line both of these PRR’s are unlikely to happen however are still possible. 
  For the brake pad PFM the RPN has lowered from 120 to 32, this decrease is due to having an experienced employee to perform the task minimising the chance an incorrect installation. With the pads being labelled and the employee advised to take their time the chance of the pads being installed the wrong way is low. By performing brake tests the PFM should be detected with ease due to the sound, sparks and poor brake performance. The PRR’s are that the employee still could install the pads incorrectly due to being careless (fatigued and/ or rushing). The other is that the PFM could go unnoticed by the supervisor on the production line. 
  The final PFM was the brake lines which RPN value dropped from 245 to 75 which is the highest RPN value of the amended FMEA table. Mitigating actions have been implemented to minimise this PFM occurring however of all the PFM’s the brake line fitting not being fully tightened is the most likely to transpire. The likelihood of occurring is still high as it is so easy to not fully tighten a fitting however the probability of detection is much higher due to the routine checks across the production line and visual and fluid leak tests. The main PRR remaining is that the brake line not being thoroughly inspected for leaks. The other PRR is the employee becoming careless when tightening the fitting. 
[bookmark: _Toc65604851]Conclusion 
  Collating the data and research stated above it becomes clear how the FMEA, Risk Management and H&S Legislation play crucial roles within the automotive industry. The FMEA is useful tool to target on weak areas in the production line process enabling companies to minimise and eliminate risks. The FMEA process was implemented to eliminate and minimise risks in the brake component installation. Utilising the FMEA process the PFMs were individually assessed and ranked resulting in each PFM obtaining a RPN. With an RPN value each PFM was now ranked in series of priority. From here a set of MAR were given to each PFM. With these measures implemented a post mitigating FMEA table was created and filled in re-analysing the PFMs and reassigning values. The FMEA process enabled risks to be identified and minimised simply and effectively. The FMEA process does have a few areas of weakness such as the result of the process only being as effective as the team that created the table, problems with scope and bias towards severity ratings. Despite having these drawbacks, the FMEA methods is widely used across multiple industries. 
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