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The following technical report will show the understanding of risk management and failure analysis within engineering/ an assembly line process.

Why should engineers care about health and safety in the workplace?

Risk management is a very important skill and subject for engineers and the automotive to practice and maintain. Engineers have to design certain processes and products which have to be safe as they will be used by other people and potentially the masses. 

In this technical report we will assess the brake assembly stage in the assembly process of automotive manufacturers. We will have to asses any potential areas of failure and weaknesses, trying to offer mitigating actions in an attempt to eliminate or decrease weaknesses and potential failures.

The focus and specific method used in this Technical report is the “Failure Mode and Effect Analysis” (FMEA), which will be explained further on in the technical report. By using this analysis method we can compare and asses the risks and weaknesses before and after the suggested mitigating actions, by breaking down the process into its steps, to evaluate potential failures and their impact.

I will explain why FMEA is such an important method inside risk management and engineering.

I have researched the subject through lectures, Literature, Official AIAG (Automotive Industry Action Group) FMEA handbook and FMEA handouts coming from large automotive manufacturers. Outside of this I have discussed this subject with a family member that used to work for process and quality improvement at Ford Genk, Belgium.

Objectives:

· Demonstrate knowledge and understanding of specific technical concepts and how their theoretical characteristics are used in discipline specific technical applications.
 
· Show the ability to approach problem solving from an engineering perspective.

· Apply practical technical skills and demonstrate know-how of practices, skills, safety and standards with respect to laboratory and workshops, and key transferable skills in terms of written and oral presentation, personal development, reflective abilities and proficiency in appropriate technical software.



[bookmark: _Toc66125731]Research
Risk management is a very important skill/ concern for any type of engineer. As engineers, we are developing processes and products for consumers to use. This means we have a huge responsibility as it is required that the products are safe to use for ourselves and others. 

All engineers should think about this and the other parts of the ethical base that engineers should work to, to keep practicing competently and professionally. This ethical base is called the code of conduct, in our case given out by IMECHE. 

The IMECHE Code of Conduct for professional engineers consists of:

-Practice competently & maintain up to date skills.
-Act with integrity & respect for others.
-Promote sustainability.
-Exercise engineering leadership.

Engineers that design processes for others to use have to consider the health and safety legislations even more than others, as they usually design the manual aspect of a process for employees and others to carry out. This means that the designed process and task has to be safe for them to use, the safety also becomes the responsibility of the engineers. This is why engineers have to maintain up to date knowledge about health and safety requirements and risk management, especially in the very regulated automotive industry.

In the automotive world risk management is very important because we develop parts or processes which will be used by the masses, and can have direct impact on health and safety. Any failures could cause severe injuries and/ or economical/ reputation issues for the company. 

Tools or analysis procedures like risk matrixes are used to asses products and processes, to evaluate problems, potential failures and risks. 
This is done by breaking down the process into it’s components or steps, this way any potential problems can be discovered and analysed in different steps to determine the severity of the problems and to solve them.

The most risk matrixes are used as an immediate assessment to asses what can go wrong here and now. Other than this we have the Failure Modes and Effect Analysis (Also referred to as FMEA). This is the most used method across many aspects of engineering, such as design, development, manufacturing etc. but can be used in any process where there may be health and safety critical considerations. With FMEA a company or organization can reduce waste, cost, improve quality and reliability, which all refer back to the code of conduct for engineers.



With FMEA, we look at problems in the long term too and the consequences in the future. With FMEA we look at why, how severe the problem occurs and also directly look at mitigating actions. FMEA can be used during any point of the project. Although you do want to find risks as soon or early as possible to be able to solve them.
In the case of Failure Modes and Effect analysis, the problem gets assessed in 6 stages:

1. Identifying a Failure mode; Find out what the possible failure is, whether it is a physical component or process.

2. Determine the likelihood of detection (D); How likely will the identified failure be spotted before it becomes an issue. It is very important that an issue gets spotted before getting to the client and gets solved, this saves money and reputation issues.  The likelihood of detection is ranked from 1-10, 10 ranking as most unlikely to be detected. 

The following Table (1) gives an example on how to rank the likelihood of detection.

[image: ]
Table 1: Detection ranking (The McDonald consulting group, 2021)
3. Assign a severity number (S); With this step we determine how severe the failure would be from a safety perspective, when injury or death is involved it automatically gets a very high severity rank. This severity could not only have an impact on safety but on the business aspect for a company too. The severity is ranked from 1-10, 10 ranking as worst.

Table 2 is an example of how severity ranking is possible.
[image: ]Table 2: Severity ranking (The McDonald consulting group, 2021)

4. Determine the probability of occurrence (P); In this part you determine how likely it will be that the failure or risk occurs. This gets a ranking from 1-10 too, 10 being most likely that it will occur. 

[image: ]Table 3 shows an example on how to rank the probability of occurrence.Table 3: Probability of occurrence ranking. (The McDonald Consulting group, 2021)

5. Calculate a Risk Priority Number (RPN); This part is what mainly differs FMEA from other Risk Management procedures such as Risk matrixes. The Risk Priority number gets calculated using the Likelihood of detection D, severity number (S) and Probability of occurrence (P) with the following formula:


        
With this Number we can asses the total seriousness of a risk, with this number you can compare different risks with each other and determine which needs to be solved first. 
A higher RPN number means a more serious risk or problem and the more effort should be put into solving the problem.

6. Recommended actions; What can be done to mitigate the impact of the failure? Or stop the failure from occurring at all? Or put measures in place to increase the likelihood of detection.

Once mitigating actions have been applied, the risks need to be assessed with the FMEA process again. So there can be ensured that improvements have been made to the risks and process.

A well-structured FMEA assesses the possibility of any risk, no matter how unlikely it will happen. This is also what a different method called KAIZEN, is focused on. KAIZEN is based on that small ongoing improvements, will result in significant improvement. This is why an FMEA every certain time period or every time anything in the process gets changed, is very helpful and important to keep improving health and safety.

It is important that the FMEA is structured consistently to keep the RPN numbers of different risks relative to each other.
[bookmark: _Toc383371020][bookmark: _Toc383371237][bookmark: _Toc383372297][bookmark: _Toc410806549][bookmark: _Toc66125732]
Initial FMEA
 In this part we have received certain potential failures given out by the lecturer (Noble A.).
The given risks are all inside of the braking component installation process. In Table 4 you see an Failure mode and effect analysis executed by me, on the given risks/ problems. The ranking I have given to the risks are based on Tables 1,2,3 and multiple official FMEA handouts given out by the AIAG and Ford Motor Company. As readable from the RPN, the brake line issue is clearly the one that needs the most attention as the effects influence safety and the likelihood of detection is low.

[image: ]
Table 4: Initial FMEA (Iatrakis, 2021)b

[bookmark: _Toc66125733]Brake caliper analysis 

As for likelihood of occurrence, I have given this a low ranking, usually bolts get tightened with power tools that can only be used for that specific task. This means that the tool will stop at the given torque spec for that bolt. Some  manufacturers have the same operator check this with a torque wrench. As for the severity I have given this a high number, 7.  This means for me that the component could fail safety requirements and endanger the driver if the bolts shake loose during driving. Usually the driver does get a warning that something is wrong and the calliper would make a ticking noise when the bolts are getting loose. As for the likelihood of detection, there is a low likelihood that a control post would find this error as it is usually not visible. As for the mitigating action I have added an employee that only checks the brakes and torques them down, if operators have to both screw the bolts in and torque them down manually they may start to neglect the process and not always use the torque wrench.


[bookmark: _Toc66125734]Incorrect size brake disc analysis.

The likelihood of this problem occurring in my opinion is very low, if a disc that is too big gets installed, the brake caliper would simply not be possible to get installed. A smaller brake disc should be clearly visible to the operator if the caliper gets installed. The severity is high, this means that there is a minor disruption to the production line if this occurs. The vehicle would still be operable but at a reduced level of performance since a smaller disc wouldn’t brake as good. The likelihood of detection is very high as most current controls would discover this, the error is very visible at manual checks and during the brake test at the end of the assembly line, braking power would be significantly lower.
Most operators have to grab the discs out of baskets at the assembly line, if they manually have to select the discs, choosing from front disc and rear discs. I would propose that they will only have access to just one size disc supplied to them. This so installation of the front and rear will be done by 2 different operators.

[bookmark: _Toc66125735]Brake pad orientation analysis.

The likelihood of this happening in my opinion is low, the orientation of brake pads is very visible and the operator who installs these should have enough knowledge to do this without an error. The severity is hazardous, with a warning. If the brake pads are installed in the wrong orientation, the braking power will be decreased or very low, also when braking they would make a certain type of noise of metal rubbing against metal. The likelihood of detection should be almost certain since it would be a clear error during the rolling check at the end of the assembly line, the braking power will be a lot lower than required and the brakes would make an unusual noise. My proposed mitigating action is that the brake pads could be designed a certain way that they will be only possible to be installed the correct way.

[bookmark: _Toc66125736]Brake line tightening analysis.

As in the previous problem, the likelihood of occurance in modern assembly lines are low, all the bolts are tightened with power tools made specifically for that type of bolt and stop at the correct torque moment. The severity is high, the effect might not be noticeable directly but could have an effect later on when the vehicle is starting to get used. If the brakes start leaking, the vehicle should still be able to brake but they will fade significantly after a while, and the dealership will have to fix this when the client notices. The Detection likelihood is very low in my opinion since this defect might not be noticeable at the assembly line or even until the lines start leaking. A possible mitigating action could be adding a pressure check of the brake system when filling the brake fluid.




[bookmark: _Toc66125737]Post-Mitigation FMEA
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Table 5: Post-mitigation FMEA (Iatrakis, 2021)

In table 5 I have assumed my proposed mitigating actions have been accepted and implemented into the process. As we can see the likelihood of occurrence is very low in almost all of the problems, this is also what I have focused on instead of detection. Only at the brake line problem I have added a test instead of trying to reduce the likelihood of occurrence. The severity is still the same as before the mitigating actions because if the problems occur, the effect should still be the same. The RPN numbers have dropped a lot too, meaning the problems have gotten less serious and the brake calliper mounting is now the biggest problem. The problems should now occur a lot less and just some other problems could occur in the same stage. As I have found out, BMW for example is now using special computerised scanners to scan the motorcycle before getting off the assembly line, this robot scans for leaks, faults and all possible parts that are visible from the outside to check if they are the right parts, and installed correctly. This modern change would make the detection of faults very high.
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In the past technical report we have discussed that risk management is very important and a key skill for an engineer to possess. Mainly because of the responsibility we have and the safety of others that is in our hands.

Many risk management methods have proven to really improve health and safety, efficiency and how well the company works.
	

The FMEA method that we have discussed, is the most used because it uses one of the most detailed ways and has the possibility to be used in many types of engineering and industries. FMEA really helps improve products and processes in a positive way at any given stage during the process. It is also very popular since no matter how small or unlikely the risk is, FMEA can still be used to asses and improve the problem.

The modern companies already use very significant and well thought trough ways to ensure everything is done as correct as possible on the assembly line. I have tried my best to lower the likelihood of occurrence on the given problems and improve the overall RPN, which I think should work .
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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

Make sure that the operator or employee 

installing brake disks only has acces to one size 

disc instead of multiple.

Brake calliper mounting bolts not torqued 

to correct level

2 9 6 108

Add an extra employee to check and torque down 

the bolts after installation of the caliper.

Incorrect brake disc size installed 1 7 2 14

At the point where the brake oil gets filled, add a 

pressure check to see if any pressure gets lost at 

the fittings.

Brake pads installed in wrong orientation, 

with friction material not contacting disc 

surface

2 9 1 18 Change the brake pad design.

Brake line fitting not fully tightened 2 7 9 126
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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

The provided discs to the operator have been 

selected incorrect even before getting to the 

assembly line.

Brake calliper mounting bolts not torqued 

to correct level

1 9 6 54

The torque wrenches and powertools used could 

not be calibrated and troqueing to a wrong 

moment.

Incorrect brake disc size installed 1 7 2 14

The line might not leak until later on, after the 

proposed pressure test.

Brake pads installed in wrong orientation, 

with friction material not contacting disc 

surface

1 9 1 9

 With the proposed mitigating actions this should 

be nearly impossible.

Brake line fitting not fully tightened 2 7 3 42
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