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[bookmark: _Toc1338577333][bookmark: _Toc188307397]Introduction
[bookmark: _Toc579164612]The purpose of this technical report is to conduct research, identify possible solutions, and design a final solution to an engineering problem. The problem involves a treatment tank for an adonisation process, which has a cover that is to be used when the tank is not in use, this is for health and safety reasons. The current cover has been identified as a large risk by a health and safety officer, the current cover has received several complaints from staff about its lack of ease of use. The Solution must alleviate the current issues, be easily reproducible for, possibly, hundreds of tanks over several sites, and conform to an additional set of considerations set by the line manager.

[bookmark: _Toc188307398]Interpretation of the Client Brief
The client brief that was provided states that the removable cover currently has a length of 1770mm, a width of 1020mm, and a height of 20mm (figure 2.1). It is constructed from a 5mm thick stainless steel plate which has been welded and has 2 handles positioned on opposite sides to allow for 2 people to remove the cover (figure 2.1). The current known issues of the cover are that it is hard to place correctly, and it has been highlighted as a health and safety risk (University of Wales Trinity Saint David, 2024). The new design can alter the cover in any way; however, the tank’s dimensions and material cannot be changed, but small alterations can be made. The solution must be safe to operate by a single person and allow for clearance above to enable parts to be lowered into the tank when the cover is not in use. The tank contains a 30% sulphuric acid solution which is maintained at 25 degrees Celsius (University of Wales Trinity Saint David, 2024), which means that the designed solution will likely need to have a resistance to the acid and the fumes that are produced. The final solution should also be cheap, quick, and easy to implement due to the possibility of this solution being implemented at further sites, ‘so would likely require volumes in the low hundreds’ (University of Wales Trinity Saint David, 2024).
[image: A diagram of a box
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Figure 2.1 - Anodising Tank Illustration (University of Wales Trinity Saint David, 2024)

[bookmark: _Toc188307399]Objectives
Several objectives need to be met to start producing an appropriate and effective solution which are as follows:
· To identify key legislations that need to be considered and followed to ensure health, safety, and other contributing factors.
· To identify materials that can be used to construct the solution considering factors such as cost, production, and resistance to the acid.
· To research existing solutions and similar solutions implemented in other systems that are effective.
· To compile annotated sketches of possible solutions and compare the advantages and disadvantages.
· To construct a CAD model of the final design, as well as a fully dimensioned technical drawing to the BS8888 standard.
· To justify the design choices, and manufacturing process to be used to produce the components of the new solution.
· To create an accurate timeline for producing the final solution.



[bookmark: _Toc188307400]Key Legislation Considerations
Before considering possible design choices for the solution, several legislations must be upheld to ensure health and safety requirements are met. The environment in which the adonisation process takes place can be dangerous considering the acidic solution, the temperature used, and the gas produced, so it is key that legislations are strictly followed to prevent accidents. Examples of these legislations include:
[bookmark: _Toc188307401]Health and Safety at Work etc. Act 1974
One legislation that can be considered is the Health and Safety at Work etc. Act 1974, which details the responsibilities of the employer, such as ‘It shall be the duty of every employer to ensure, so far as is reasonably practicable, the health, safety and welfare at work of all his employees’ (Health and Safety at Work etc. Act). This highlights the importance of the employee’s (and other people’s) safety when designing the solution.
[bookmark: _Toc188307402]Control of Substances Hazardous to Health (COSHH) Regulations 2002
Another legislation that can be considered is the Control of Substances Hazardous to Health Regulations 2002 which states that the employer must not expose employees to hazardous substances unless the risk has been assessed thoroughly and implemented steps to mitigate risks (The Control of Substances Hazardous to Health Regulations, 2002). This legislation makes the design take the exposure to the acidic solution into account and ensures that removing the cover does not directly expose the employee to the hazardous substance.
[bookmark: _Toc188307403]Manual Handling Operations Regulations 1992
A third legislation to be considered is the Manual Handling Operations Regulations 1992 which states that employers should avoid unnecessary ‘need for hazardous manual handling’ (Health and Safety Executive, 2016), assess the risk of injury, and reduce the risk of injury (Health and Safety Executive, 2016). This will add additional constraints around the weight of the solution if the cover is to be lifted or moved by an employee, as well as the method of movement to ensure risk to the employee is minimal.
[bookmark: _Toc188307404]The Provision and Use of Work Equipment Regulations (PUWER) 1998   
A fourth legislation to consider is the Provision and Use of Work Equipment Regulations 1988, which places ‘a duty on employers to ensure the work equipment they own, operate, and have control over is safe to use at all times’ (Penny Engineering Group, n.d.). This places further emphasis on safety, stating that all equipment must be maintained and logged, as well as ‘adequate levels of training’ (Penny Engineering Group, n.d.). This means that the final design should be safe, easy to maintain, and require little training in order to keep the process simple and mitigate possible sources for mistakes.       

[bookmark: _Toc188307405]Specification
Before conducting research and developing designs, it is important to consider the primary requirements of the design. 
[bookmark: _Toc188307406]Material Selection
First, it would require a reasonably strong material that has a good resistance to the acid. The cover will be under constant fumes and heat, so it will need to be durable, and the solution should also be able to withstand similar environments in case there is, a spill or acid splashes onto it. Some materials have already gone under testing when developing the tank (See Table 4.1.1), 3 out of 4 of these materials should be suitable but will depend on what the final design will require.
Table 4.1.1 - Material Comparison (University of Wales Trinity Saint David, 2024)
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[bookmark: _Toc188307407]Material Density / Weight
The weight of the cover is the primary constraint of the solution as it needs to be operated by a single person. ‘The guidelines suggest that the maximum weight men should lift at work is 25kg’ (Beckett & Co Solicitors, n.d.) (16kg for women), this will largely guide the final design in ensuring safety. The densities for Polypropylene (PP), Stainless Steel, and Aluminium (Al 6061) are 0.895 – 0.940 g/cm3 (Plastics Europe, n.d.), 7.93 g/cm3 (AMC, 2023), and 2.70 g/cm3 (MatWeb, n.d.) respectively.
[bookmark: _Toc188307408]Cover Dimensions
The cover’s dimensions should be considered as the solution may be to alter it in some way. However, the overall dimensions should remain 1770mm x 1020mm x 20mm to ensure a proper fit with the anodising tank.
[bookmark: _Toc188307409]Ease of Use
The primary complaint of the original solution was that it was challenging to place correctly, so alleviating that would greatly improve safety and reduce the risk of the cover being placed incorrectly.

[bookmark: _Toc188307410]Design Concepts
After considering the specification, and after some research, there are 3 design that seem feasible and realistic.
[bookmark: _Toc188307411]Roller Tracks
The first design is based on roller tracks (See Figure 5.1.1), this would allow the cover to easily slide in and out with less effort.
[image: 3842993431/2000 | Bosch Rexroth Roller Track, 28mm Diameter, 24mm Width,  2000mm x 35mm | RS]
Figure 5.1.1 - Roller Track Diagram (RS, n.d.)
The design can then be furthered to split the cover into 2 pieces to ensure that the cover is much more manageable for a single person (See Figure 5.1.2). There are several benefits to this design, such as its ease of use, because the cover does not need to be lifted, and instead pulled making the task easier. Another benefit is that the cover would no longer need to be aligned as it will only be able to move forward and backward. However, the disadvantage to this design is the roller will likely be exposed to the acid and would possibly need frequent replacement. Another disadvantage is that this design would be more expensive and tedious to produce on a larger scale, it would be more beneficial to purchase pre-made tracks, which also has its drawbacks.
[image: A paper with drawings on it

Description automatically generated]
Figure 5.1.2 - Sketch of Roller Track Based Cover
[bookmark: _Toc188307412]Hoist
Another possible solution is to take advantage of the already existing hoist and mechanism used to lower aluminium parts into the anodising tank. The mechanism makes use of wire rope and clamps to raise and lower the part (See Figure 2.1) which could potentially be used to raise and lower the cover. The material of the cover could also be changed to lower the weight, reducing the risk of the wire rope braking or clamp slipping (See Figure 5.2.1). The benefits of this are that the cover will not be removed by hand, severely reducing the risk of acid burns. It would also be relatively cheap as it makes use of an existing mechanism. However, the disadvantage of this design is that it may still be difficult to place the cover correctly and will rely largely on the skill of the person operating the hoist.	
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Figure 5.2.1 - Sketch of Cover Using Hoist
[bookmark: _Toc188307413]Hinges
A third possible solution is a simple hinge that attaches the cover to the tank and will be pulled open by a single user. The cover is cut in half and features a large handle on either side (See Figure 5.3.1), this means that when it is being opened, it can shield the person from potential splashes. The primary benefit of this design is that it can protect the user whilst opening. Another benefit is that it is a simple solution, using 2 store-bought hinges on either side to secure the cover, making it cheap to produce. However, the downside to this design is that the mechanism can easily fail if it becomes corroded from the acidic solution. Another downside is that it may be on the heavier side of what a person should lift and would require significant effort to open.
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Figure 5.3.1 - Sketch of Hinge Mechanism

[bookmark: _Toc188307414]Final Design
After considering and comparing the previous designs, the second design feels most optimal as the design is very simple and makes use of one of the mechanisms already used in the process. Another reason why the second design seems most optimal, is that it can be produced in one single process and once tested, can easily be reproduced. One of the drawbacks of this design is that each tank will require a new cover to be made and will likely have to be outsourced to another company, which becomes an additional cost. However, it is one of the safest solutions, given that a person does not need to close to it while the lid is being removed. Once the hoist has removed, it can be place nearby ready for when the process is complete. The new cover will be produced from Polypropylene, because it has good acid resistance as seen in Table 4.1.1 and is lightweight, reducing the strain on the hoist. The CAD model of the design can be seen below in Figure 6.1, and the technical drawing can be seen in Figure 6.2.
[image: ]
Figure 6.1 - CAD Model of Final Design
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[bookmark: _Toc1103894171]Figure 6.2 - BS8888 Drawing of the Final Design
[bookmark: _Toc188307415]Production
Several methods can be used to produce this design, such as:
· Compression Moulding – Heated plastic is inserted into a mould, where a large amount of pressure is used to compress the plastic, generally making it rougher. 
· Injection Moulding – Plastic is heated until molten and pushed (injected) into a mould at high pressure, generally yielding a faster, more continuous process.
While there are more methods for plastic production, these methods would be the most effective for this process. 
It would require several weeks to fully complete the production process as well as other necessary steps, which are summarised in the time plan below (See Table 6.1.1):




Table 6.1.1 - Time Plan
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[bookmark: _Toc188307416]Conclusions
In conclusion, there are still flaws in the final design which would be removed or reduced during the later designing, testing, and implementation processes. There is no perfect design as removing the cover from an anodising tank will always pose some health and safety risks as there will still be people present. However, the final design does improve upon the issues with the previous design, making it safer, and possibly easier to use. The process for rolling out the new design will take a relatively long time, given that health and safety is a large factor for any business, and protecting people is the most important task. There are also several legislations that will affect each step of the process, which only serve to promote safety and ensure a quality design.
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Week

Step

0-2 Draft further designs to ensure criteria is fully met and ensure there are no
immediate issues.

2-5 Research associated costs and find external source for prototype production.

5-7 Conduct tests with the prototype to identify faults or possible areas of
improvement, as well as conduct risk assessments.

7-10 Design training and possibly document Management of Change.

10-15 Begin production at local level and roll out training to reduce risk of error.

15-16 Evaluate if improvement has been made and additional flaws.

16-18 Final design and testing.

18-25 Start production on larger scale and roll out to further sites as needed.





