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[bookmark: _Toc65685168]Introduction
[image: ]This investigation into the BMW assembly line will focus on the weaknesses and risks associated with the brake assembly process. It is important for engineers working on the assembly line to be aware of weaknesses and risks, not only for their own wellbeing but for the wellbeing of their co-workers and customers. Failures can occur in equipment or engineers on the assembly line and post-production as a result of poor assembly which has the potential to harm a customer. The main objective is to highlight these potential weaknesses and potential failures to improve the assembly process at the BMW assembly plant. By using the Failure Mode and Effective Analysis (FMEA) Method this can be achieved effectively and remain in line with UK government manufacturing and health and safety legislations and work to the standards of safety and ethics provided by the IMECHE. The aim is to produce a safer working environment for engineers and a safer product for BMW customers. 
[bookmark: _Toc64992829]Figure 1 - Image of BMW Headquarters in Munich

[bookmark: _Toc65685169]Literature Review
[bookmark: _Toc65685170]Why Manage and Mitigate Risks? 
Risk comes from many sources, but this can be boiled down to two areas, internal risks and external risks. Where external risks cannot be controlled by the company or management, these include factors such as politics and economics that can impact a business, where internal risks are factors that the management can control such as communication, non-compliance and security risks (Careersinaudit.com, 2013). Risk must be managed because an unforeseen cost or change in legislation can be detrimental to an organisation. 
[bookmark: _Toc65685171]Typical Risks on a Vehicle Assembly Line
[bookmark: _Toc65685172]Human Risks: Work-Musculoskeletal Disorders (WMSDs) and injury 
Work related muscle and bone disorders, often known as Work-Musculoskeletal Disorders are a major concern on assembly lines as they cause employee absence, increased employee turnover and drops in production (Hamizatun Binti Mohd Fazi, 2019). Types of WMSDs include Repetitive Strain Injury (RSI), arthritis, back and spine pain and osteoporosis to name just a few (World Health Organisation, 2021). These WMSDs are typically characterised by persistent pain, loss of dexterity and limitations in mobility (World Health Organisation, 2021). In the automotive assembly industry WMSDs are typically caused by continuously performing repetitive tasks, long periods of time sat or stood in non-neutral or strained positions and consistent physical exertion and manual handling of heavy objects (Hamizatun Binti Mohd Fazi, 2019). 
[image: Image result for ergonomics in engineering]WMSDs can be prevented. Employees have a duty and are required by law to provide, at a minimum, a safe and ergonomic working environment as stated in the “Display Screen Equipment (DSE) Regulations” (Health and Safety Executive, 2020).  Employees are legally required to be provided with a DSE workstation risk assessment and access to training and information to make their workstation safe (Health and Safety Executive, 2020). Although the DSE regulations appear to be specific to office work, it is a blanket regulation that covers fixed workstations throughout UK industry. Where possible it is prudent to introduce and encourage regular breaks for employees who are repeatedly in strained positions or using the same workstation for long periods of time (Health and Safety Executive, 2020). Similarly, employees can be rotated through different jobs or workstations if the job is physically demanding and repetitive (Centers for Disease Control and Prevention, 2020). If the workstation is used by multiple employees then an adjustable workstation can be used; for example, height adjustable desks or worktops and adjustable chairs (Centers for Disease Control and Prevention, 2020). Other legislation includes the “Control of Vibration at Work Regulations” stating that employers must protect employees from excessive and repetitive vibrations; and the “Manual Handling Operations Regulations” that requires employers to carry out risk assessments on all manual handling tasks (Health and Safety Executive, n.d.). [bookmark: _Toc64992830]Figure 2 - An Example of Good Ergonomic Practice

[bookmark: _Toc65685173]Technological Risk: Equipment and Software Obsolescence and damage
Obsolescence is another word for “out of date” or “past its best”. Therefore, when this refers to equipment or software this is often referring to the use of old systems that have outgrown their usefulness. For example, if a workplace is using a 10-year-old machining tool that has had 5 new revisions since the workplace originally purchased it, the original equipment is no longer as efficient or reliable as it could possibly be. This can result in more down time and a loss of productivity (Smentowski, 2017).
Obsolescence can be tackled by proactive lifestyle management to identify obsolescence risks as well as plan for easier maintainability of equipment and better access to spare parts (Smentowski, 2017). An efficient way of managing software and hardware is via an Installed Base Evaluation (IBE) service (Smentowski, 2017). This service is a thorough analysis of plant assets and their condition to provide all the knowledge needed to make data-based decisions to manage obsolescence, understand the lifecycle risks of the equipment and finally to optimise Maintenance, Repairs and Operations (MRO) (Rockwell Automation, 2012). This allows plant managers and engineers to plan to see, for example, which equipment will need to be replaced first. 
Using equipment long past its planned operation time can cause total failure in the equipment itself reducing production or even halting production completely. other issues that can cause equipment failure in such a way includes under maintenance where cost cutting for profit is often prioritised over safety and longevity of equipment (March, n.d.). Another factor that can cause equipment to fail prematurely is improper operation, this is often seen as a lack of understanding of the asset and a lack of understanding or training in how to use the asset to increase its longevity and efficiency (March, n.d.).

[bookmark: _Toc65685174]Failure Mode and Effect Analysis (FMEA) System
[bookmark: _Toc65685175]What is FMEA?
The FMEA system was designed as a tool for the automotive industry to improve safety in many processes and should be used as a tool in a wider comprehensive quality system (Burda, 2014). The FMEA system is designed to prioritize failures in order of the failures that have the most serious consequences, the frequency of the failures and how easily these failures are detected (ASQ, n.d.). The overall purpose of FMEA is to highlight the failures in order and allow an organisation to act against the failures and reduce them, in order of priority (ASQ, n.d.). 
Other purposes for the FMEA process include documenting knowledge and actions against failures to aid continuous improvement. Initially FMEA is used during design to combat potential failures but later is used for control before and during operation of the process (ASQ, n.d.). In summary, an ideal FMEA process will begin at the earliest concepts of design and continue throughout the life of the process (ASQ, n.d.).
[bookmark: _Toc65685176]Risk Priority Numbers
A Risk Priority Number or RPN is a numerical assessment of the risk assigned to a process or steps in a process. An engineer or team of engineers assign each failure mode a numerical value between 1-10 (where 1 is the lowest risk and 10 the highest) to three different categories: Likelihood of failure detection, severity of impact and likelihood of failure occurring (Institute for Healthcare Improvement, n.d.). The overall RPN is calculated by multiplying each individual RPN together:

	The RPN should be recalculated as an estimate when considering changes to a process but should not be officially recalculated until the changes are implemented, tested and made a permanent part of the process (Institute for Healthcare Improvement, n.d.).
[bookmark: _Toc65685177]IMECHE Code of Conduct
The IMECHE has 4 principles that all members should adhere to: 
1. Practice competently and maintain up to date knowledge and skills. In summary, members should keep a record of continuous professional development (CPD) and not undertake a task if there are limitations to the members competency. All members must assess and mitigate risks in all aspects of professional activity and ensure that all professional activity is insured either personally or via an organisation. (Code of Conduct Explained, n.d.)
2. Act with integrity and respect for others. Essentially stating do not act in a deceptive manner, respect confidentiality agreements, do not mislead and refrain from taking bribes or taking part in corrupt practices. An outstanding point is to present and provide engineering evidence, theory and interpretation clearly and without bias, as both positive or negative bias can be misleading. (Code of Conduct Explained, n.d.)
3. Promote sustainability. Engineers must recognise socioeconomic and environmental factors and comply with health and safety and environmental practices. Engineers must account for the balance between the needs of the present and the needs of the future generations. (Code of Conduct Explained, n.d.)
4. Exercise engineering leadership. Engineers must engage in public engineering discussion without bias and in an objective manner whilst remaining truthful. Support ethical practices, diversity, inclusion and respect the rights of others. Take positive action where malpractice is present. (Code of Conduct Explained, n.d.)
[bookmark: _Toc65685178][image: ]Initial FMEA[bookmark: _Toc64992831]Figure 3 - Table Showing Initial FMEA Analysis

[bookmark: _Toc65685179]Discussion 
Assembling the brakes of a vehicle is one of the most important processes regarding the safety of the customer, if of one of the failure modes highlighted occurs then there is the potential for customer injury or even fatality. 
Installing the incorrect brake disc has the lowest RPN due to how unlikely this is to happen. For a trained engineer to install a large and important component incorrectly is highly unlikely as well as the rest of the components, such as the brake calliper will not fit if the brake disc is the incorrect size therefore it is easy to detect and correct. Although if this failure were not detected then the vehicles brake system is likely to still function correctly, although maybe not as well as it would if the component was the correct size. 
Torquing the brake calliper mountings incorrectly is quite a severe problem. If this is not detected and the brake calliper fails at speed this can cause serious injury or fatality to the driver or the passenger of the car. Although the severity of the failure can vary, if the bolts are finger tight it is more likely to cause a crash, but incorrect torque can also mean that the bolts are too tight therefore this might mean that the brakes may rub or stick, which is a less severe issue. As the bolts are tightened already it is difficult to detect even during an inspection, especially if the inspection is only visual. This is also a likely failure to occur as there are many components and bolts to torque and it is very possible for an engineer to miss these bolts in the process. 
Installing the brake pads the incorrect way around is a difficult issue to detect as the brake pads are at least partly concealed by the calliper, if not completely concealed making it almost impossible for an engineer to see once the brakes are fully installed. This failure is also extremely severe since if a car leaves the production line essentially without brakes then a car collision is extremely likely to happen. This is not a likely failure to occur due to the brake pads often not fitting the incorrect way around therefore an experienced engineer will see this very quickly and fix the issue before it occurs. 
The highest RPN is the brake lines not being tightened correctly. Firstly, due to the severity of having loose brake lines this can mean a loss of brake fluid, leading to a loss of hydraulic pressure in the braking system meaning that the car will not be able to stop therefore creating a collision. Furthermore, if the brake lines are tightened too much this can cause failure in the unions, causing the same issue. This is also a very difficult issue to detect and a likely issue to occur due to the components being small and the precision needed to correctly conduct the process. 

[bookmark: _Toc65685180][image: ]Mitigating Actions to be taken[bookmark: _Toc64992832]Figure 4 - Table of the Mitigating Actions Undertaken



[bookmark: _Toc65685181][image: ]Post Mitigation FMEA[bookmark: _Toc64992833]Figure 5 - Table Showing FMEA Analysis After Mitigating Actions Taken



[bookmark: _Toc65685182]Conclusion
In conclusion FMEA is an extremely effective tool for highlighting and calculating risks for processes in the automotive, engineering and scientific sector. It is especially useful for processes which are repeated often, where often is referred to as many times in one day such as the above example of the process of assembling the braking components of a vehicle on an industrial production line. This evaluation was based around the components and the processes on the production line, the FMEA is also an effective tool to highlight potential risks to staff and assets and calculate the risk in terms of cost to the business, whether that cost be in asset replacement or repair, cost of man hours or even lawsuits such as employee injury. FMEA is also effective in highlighting, evaluating and mitigating the risk to customers, especially through the example FMEA used in this report, where a small failure in the process can cause catastrophic consequences. 
The FMEA report conducted in this report was particularly effective as seen in the reduction of the Risk Priority Numbers after taking appropriate action to mitigate risks, although this could be a wider FMEA to further reduce the risks to staff for example, the failures were almost exclusively focussed on engineering failures that would likely affect customers who drive the vehicles. 
Although the mitigating actions are very simple and based almost entirely around automation and human inspection that would likely cost extra money for BMW in terms of man hours and the purchase and maintenance of expensive assets, the cost to the business would be far greater if the vehicle left the production line having an undetected failure in its braking systems. 
Conducting this FMEA report ensures that the engineers supervising the production line adhere to the IMECHE code of conduct, particularly in reference to ensuring competence, mitigating risks for those around them and working to health and safety legislation outlined by the government wherever they may be working. 


[bookmark: _Toc65685183]Evaluation
This FMEA assessment of the production line was extremely effective in reducing risk on the production line from a process point of view and the focus on modes of failure specifically referring to the vehicle assembly process. Although to further improve the assembly process in a more safety focussed way a second FMEA report could be produced to focus purely on modes of failure that refer exclusively to the engineers and employees working on this process and their health and safety.
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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)

Brake calliper mounting bolts not 

torqued to correct level

6 6 7 252

Incorrect brake disc size installed 3 5 2 30

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

4 9 8 288

Brake line fitting not fully tightened 8 10 8 640


image5.emf
Use fully trained members of staff to inspect the 

process whilst it is happening and once the process is 

complete.

Send a second more senior member of staff to inspect 

the area. 

 Third Mitigating Actions Recommended



Use a brightly coloured rear side of the 

brake pad therefore it will be easier to see if 

the part is fitted correctly. 

The senior member of staff will correct the 

process if it was not done correctly initially.

 Second Mitigating Actions Recommended

Send a trained member of staff with a calibrated 

torque wrench set to the correct torque value to 

inspect the assembly.

Conduct a full inspection of the area once the process 

is complete.

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

Potential Failure 

Mode

 First Mitigating Actions Recommended

 Have only one member of staff per corner and 

provide only the correct parts and tools. 

Brake calliper 

mounting bolts not 

torqued to correct 

level

Automate this process with fully calibrated 

machines that will torque the bolts to the correct 

value.  

Incorrect brake disc 

size installed

Ensure all staff are trained in the specific process 

and provide the correct tools.

Brake pads installed 

in wrong orientation, 

with friction material 

not contacting disc 

surface

Automate the process with fully calibrated 

machines.

Brake line fitting not 

fully tightened
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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

Extra work carried out by using more staff 

although less time consuming. 

Brake calliper mounting bolts not 

torqued to correct level

3 6 2 36

The inspector could still torque these bolts 

incorrectly. Extra time consumed due to 

inspection and extra work carried out. 

Incorrect brake disc size installed 1 5 1 5

the inspecting member of staff could also 

undertake the process incorrectly although it is 

now far less likely. 

Brake pads installed in wrong 

orientation, with friction material not 

contacting disc surface

2 9 4 72

Brake pads are concealed once the process is 

complete making this still difficult to detect by 

inspecting staff. 

Brake line fitting not fully tightened 4 10 3 120
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