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This report will cover the potential risk factors of the BMW Motorrad Assembly line process as well as evaluating failure mode effect analysis’s (FMEA’s) applied to specific previously determined safety critical considerations: failure mode, effects, and criticality analysis (FMECA), a more detailed version of the FMEA will also be referred to in this report however will not be the focus. The report will refer to the IMECHE Code of Conduct for professional engineers, risk management and health and safety legislation.
According to statistics from the Labour Force Survey 2019/2020: 693,000 workers sustained non-fatal injuries and 6.3 million estimated working days lost to non-fatal workplace injuries. 65,427 Employee non-fatal injuries reported by employers under Reporting of Injuries, Diseases and Dangerous Occurrences Regulations (RIDDOR) in 2019/2020. 111 workers killed at work in 2019/2020. From estimates based on Labour Force Survey, RIDDOR and HSE Cost Model for 2017/18-2019/20, the annual cost of workplace injury in 2018/2019 was £5.6billion (equivalent to unit cost of £1.7million per fatal injury, £8,800 per non-fatal injury during period of 2018/2019). The total costs of workplace injury and ill health has fallen by an 17% between 203/05 and 2009/10 according to estimates from HSE Costs to Britain Models, this drop in costs was driven by a reduction of workplace injuries. Highlighting the economic benefit to risk assessment and injury prevention in the workplace.
[image: ]
· HSE Costs to Britain model
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· Costs to Britain of workplace injuries and new cases of work-related ill health1 by industry 2018/19 (in 2018 prices), Table COSTIND – 2018/19
Data from HSE data tables show that the manufacturing industry loses an estimate of £658million and is approximately 12% of the total losses due to injuries.
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3.1	Code of Conduct
As an engineer you have a duty of care while working that your work is as ethical and safe as it can be. To keep to these standards engineering governing bodies uphold a code of conduct its members must abide by. Depending on your specialisation as an engineer there will be different governing bodies that apply to you. For mechanical engineers, the governing body would be the Institution of Mechanical Engineers (IMechE). Within IMechE’s code of conduct, subsections 1.2, 5.2, 6.4, 12.2, 12.3, 12.4 and 15.1 all directly reference health & safety and risk assessment/management in the profession, with other subsections indirectly referencing these topics.
CR 6.4 – “identify and quantify all risks and hazards associated with their work and manage them in conformity with accepted engineering and environmental standards and in a manner which does not compromise the welfare, health and safety of society. They shall inform those for whom they work of all matters relating to risks and hazards in a full and timely fashion.”
- Code of Conduct Regulations, IMECHE, Accessed 7th March
To abide by these codes of conducts and act in the best interests of the profession, engineers must employ the use of risk assessment strategies, one such method and the one that is the focus of this report is the “failure mode and effect analysis”.
3.2	FMEA:
Failure mode and effects analysis (FMEA) was developed by the United States military in 1949, during the cold war. It was further use in the 1960s by the United States National Aeronautics and Space Administration (NASA) and the aerospace industry. It was introduced to the automotive industry by the Ford Motor Company in the late 1970s for the same reasons we still use it today, to reduce risk in the workplace. Originally the United States Military used a more detailed version that still occurs to this day called “failure mode, effects, and criticality analysis” or FMECA which adds prioritizations of actions to be taken, based on a risk score. Using FMECA would allow for more accurate results compared to the alternative methods of FMEA.
FMEA is one of many methods that can determine risk factors using mathematical calculations, other such methods include: FMECA, PHA, HAZOP, functional analysis, and logical models such as Markov chains or Petri networks. Different methods will suit certain situations better than others, method application also depends on individual preference and industry standards.
FMEA is a versatile tool which can be applied to many situations due to its ambiguous nature, however most commonly and what this report will focus on is health and safety based FMEA and cost based FMEA. There are 6 main stages of FMEA: 
· Detect a failure mode – Identifying what potential failures could occur in the process/component.
· likelihood of detection (D)  - How likely it is that the failure will be detected before it causes an issue ranked 1 – 10.
· Severity number (S) – Ranking the severity of the potential failure on a numeric scale 1 – 10, this is where different FMEA types differ the most for example health and safety based FMEAs will rank severity based on the potential risks to the workers/ the injuries workers have sustained whereas cost based FMEAs will rank severity based upon net financial loss due to the incident occurring.
· Probability of occurrence (P) – How likely it is that the identified failure will occur, ranked on a numeric scale 1-10.
· Risk priority number (RPN) – Mathematical formula applied to determine which potential failures require the most attention, RPN = S * P * D.
· Recommended actions – What can be done to mitigate the potential impact of the failure or stop the failure from occurring at all.


3.3	British Economic Losses
According to estimates based on Labour Force Survey, RIDDOR and HSE Cost Model for 2017/18/19/20 annual costs estimate costs of work-related injury and ill health in 2018/2019, excluding long-latency illnesses to total £16.2billion of that figure £10.6 billion were due to ill health and £5.6billion due to workplace injury.
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· Costs to Britain of workplace injure and new cases of work-related ill health in 2018/19
The focus on this report is on the 34% injury statistic, the total net loss has reduced by approximately 17% in the period of 2004/05 to 2018/19. This net loss reduction is almost entirely due to improvement of health and safety measures in the workplace.
The BMW Motorrad assembly lines which this report focuses on are almost entirely based in Berlin, Germany. Statistics from HSE show that per 100,000 employees 0.7 died in Germany whereas 0.52 died in England in 2017 according to Eurostat 2017, displaying a 0.18 per 100,000 employees greater mortality rate.
In the United Kingdom’s Manufacturing industry there were 15 fatal injuries in 2019/2020, this is below the annual average statistic of 20 fatalities for 2015/16-2019/20. These statistics show a negative trend in workplace deaths in the workplace against time, displaying an improvement in the health and safety of the workplace, of which risk assessment plays a significant role. Further proof shows a negative trend between statistics dating back to 1981 which is displayed in the figure below.
[image: ]
· Fatal injuries in Britain’s manufacturing industry from 1981 to 2020
 Manufacturing has over an approximately 1.69 times higher mortality rate than the average rate across all industries, displaying the importance of risk assessment in the manufacturing industry.
Data from the Labour Force Survey report that in manufacturing there were an estimated 66,000 workers who sustained an injury at work, of those 66,000 approximately 16,500 resulted in absence from work for over 7 days, resulting in lost potential income. According to the Labour Force Survey annual average 2017/18-2019/20 the rate of self-reported non-fatal injuries to workers shows a downward trend as displayed in the figure below.
[image: ]
· The rate of self-reported non-fatal injuries to workers 2002/03 – 2019/20
RIDDOR reports that 11,245 non-fatal injuries to employees took place in the workplace and were subsequently reported by employers. Of the 11,245 injuries 8,656 or 77% were over 7-day injuries showing that serious risks are more likely to be reported to the employer and/or the employer is more likely to report a more serious injury and ignore more minor ones. However additional data from RIDDOR supports data from Labour Force Survey that displays a negative trend in workplace injuries over time.
The data displayed shows how the improvement of risk assessment in the workplace has resulted in lower worker injuries and fatalities, this in turn will affect how many potential workdays are lost, how long machines and assembly lines are shut down for maintenance and/or evaluation, which in turn affects how much gross product the manufacturing industry can produce and the net income the industry can create.
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Four pre-determined failure modes had been highlighted during the braking component installation process of the BMW Motorrad assembly process; these four failure modes are: 
· 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.
The footage used can be found here: https://www.youtube.com/watch?v=fjQ6Gdk-QYw, here: https://www.youtube.com/watch?v=L22oij8nT2k, and finally here: https://www.youtube.com/watch?v=WNSGhcc4NSQ. 
For each failure mode, the likelihood of that failure occurring is considered and given a value from 1 to 10, 1 being very unlikely and 10 being extremely likely/probable. The severity of that failure whether it be to the health and safety of the workers/consumers, value loss to the company, etc. is also given a value from 1 to 10, 1 being minor and 10 being major/fatal. The likelihood of detection is given a value from 1 to 10, 10 being almost impossible to detect. Once these three values have been assigned, the risk priority number (RPN) can be calculated, giving your failure mode a ranking on how significant the issue is, and in which order to address your risks. Mitigating actions were recommended for each failure mode and another FMEA was completed on the same four failure modes once the mitigating actions had taken place, to deduce how much of a difference the risk management has made and if further mitigating actions are required.
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This FMEA will be in relation to potential dangers and hazards, not financial losses.
Addressing the brake calliper mounting bolts not torqued to the correct level, the likelihood of occurrence was assigned an 8, this is because the process relies on human judgement, and allows for human error when deeming what is the correct torque. The severity of the failure was moderately low, this is due to the fact that other than wear to the breaks, this failure is unlikely to put the motorcycle in any potential risk. The likelihood of detection is near certain this is due to the fact that the motorcycles are tested on multiple rolling roads before leaving production, which will pick up on resistance to the brakes and possibly a reduced fuel efficiency. The mitigating action recommended would reduce the likelihood of the failure occurring in the first place, saving financial losses due to ruined brake pads.
The failure mode of incorrect brake disc being installed was assigned a low likelihood of occurrence, this is due to the fact that the brake discs are produced on site by precise machinery, disallowing for human error. The severity was moderate, this is due to the fact that other than potential wear on the brakes no harm would likely be done to the consumer, however if the brake disc was too thin the rider could potentially lose milliseconds in stopping distance. Incorrect brake disc fitted was assigned a moderately low likelihood of detection, this is due to the fact that unless the brake discs are so large, they’re in contact with the brake pads, the failure won’t be noticeable. The mitigating action recommended would allow engineers to check the brake discs being installed are the right size and disallow the failure to occur.
The brake pads being installed in the wrong orientation was assigned a moderately low likelihood of occurrence; this is due to the fact that stock brake pads for many of the BMW Motorrad motorcycle range have key visual indicators as to the orientation they are designed to be installed. The severity assigned was hazardous, this failure could potentially cause injuries and fatalities, as the stopping distance for the riders would be greatly increased as the two materials in contact would have a significantly lower friction co-efficient. The likelihood of detection was assigned a 1, this is due to the fact the failure would exhibit a significantly longer stopping distance, engineers would hear scraping in the brakes, and potential sparks would be clear to operators. The mitigating actions allow for issues in the brakes to be highlighted and inspected before being taken off the production line.
The brake line not fully tightened was assigned a moderate likelihood of occurrence, this is due to the process allowing for human error, according to statistics from 2015 the BMW Motorrad Berlin-Spandau plant rolls 700 motorcycles off the production line per day, allowing for a greater chance this failure will occur. The severity of this failure is moderately high, this is due to the fact that with a looser brake line the rider will experience longer stopping distances which put the rider and those in the vicinity at risk. The likelihood of detection is low, this is due to lack of mitigating actions preventing this failure from being managed before leaving production.
[image: ]
Appling the use of torque wrench allowed workers to tighten mounting bolts to the correct torque levels, reducing the likelihood of detection. The use of callipers allowed workers to check brake discs before fitting them, allowing them to discard of disproportionate ones. Measuring stopping distance highlighted most issues in the braking system, if the stopping distance was too large the braking system can be inspected and fixed before allowing the bike to leave the production line.
Data shows the importance of risk assessment in the workplace though economic benefits and the improved livelihoods of employees. Stark differences shown through data trends throughout the years display how countries are developing their risk assessment strategies as engineers follow and develop strict code of conducts laid out by governing bodies in their countries. The tool Failure mode & effect analysis is a method used throughout history to determine failures in many aspects and is a competent tool to evaluate risks, however other tools exist allowing more in-depth analysis such as “failure mode, effects, and criticality analysis” or FMECA. Depending on the environment engineers now have access to countless risk assessment and management tools, FMEA is just an example of one of them, allowing engineers to create safe working environments and benefiting the discipline of engineering.
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