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[bookmark: _Toc187729739]Introduction
[bookmark: _Toc187729740]Aims
This report aims to review and redesign a removable cover of a treatment tank for the anodisation process used at an automotive original equipment manufacturer (OEM). The redesign is intended to make the removal and application of the cover possible by a single operator and safer for the operators to complete.
[bookmark: _Toc187729741]Objective
To redesign the current tank cover, reduce the number of operators needed to complete the anodisation process, ensure safety for operation, adhere to legislative guidelines, ensure there is clearance above the tank for the aluminium parts to be lowered into the treatment tank, and ensure the solution can be easily replicated to be used across all the OEM’s sites. Some considerations when redesigning the tank cover are BS8888 (Engineering Drawing and Technical Product Specifications), Health and Safety at Work Act 1974 and Environmental impacts.





[bookmark: _Toc187729742]Planning & Research
[bookmark: _Toc187729743]Specification
[bookmark: _Toc171585121]The table below outlines the design specifications for the design, manufacture and implementation of the tank cover.
[bookmark: _Toc187729320][bookmark: _Toc187729718]Table 1 - Tank Cover Specification.
	Time
	12 Weeks

	Target Market
	Design to be used across all OEM sites 

	Function
	The design must fully cover the treatment tank when not used to prevent operators from falling into the tank. Tank cover to move by a single operator and clearance for aluminium parts being lowered into the tank

	Design Constraints
	Tank dimension and material cannot be altered however modifications can be made.
Must have clearance above tank when in use.

	Dimensions
	Treatment Tank - 1770mm x 1020mm x 20mm +/- 5mm

Tank Cover - ≥ 1770mm x 1020mm x 20mm +/- 5mm

	Durability
	Tank cover to last 10+ years
Maintenance is to be conducted every 6 months 

	Materials
	Malleable, Cheap, Lightweight, High Tensile and Yield Strength, Corrosive Resistant, Melting point far greater than 25⁰C

	Safety
	There are no exposed sharp edges, and the cover can be safely removed and reapplied by a single operator. It fully covers the tank to prevent falling into it.

	Cost
	Cost to manufacture 100 units below £100,000

	Environmental Considerations
	No requirements. Considerations to minimise pollution where possible.

	Manufacture
	Manufacturing quantity 100-500 tank covers

	Testing
	Line Trial to ensure design functionality
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[bookmark: _Toc187729744]Gantt Chart
The below figures display the Gantt charts used to keep track of what stage of the product lifecycle and the next steps needed to implement the cover across all OEM sites. 
[image: A grid with yellow squares

Description automatically generated]
[bookmark: _Toc187729394]Figure 1 - Gantt Chart Weeks 1 & 2.
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[bookmark: _Toc187729395]Figure 2 - Gantt Chart Weeks 3 & 4.
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[bookmark: _Toc187729396]Figure 3 - Gantt Chart Weeks 5 & 6.
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[bookmark: _Toc187729397]Figure 4 - Gantt Chart Weeks 7 & 8.
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[bookmark: _Toc187729398]Figure 5 - Gantt Chart Weeks 9 & 10.
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[bookmark: _Toc187729399]Figure 6 - Gantt Chart Weeks 11 & 12.


[bookmark: _Toc187729745][bookmark: _Toc156836411]Research
During the design and fabrication of the treatment tank tests were conducted to identify suitable materials as seen in Table 2.
[bookmark: _Toc187729321][bookmark: _Toc187729719]Table 2 - Material Comparison, ACMA4008 Assessment Specification.
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Further research can be conducted to investigate the cost of the previously tested materials and the environmental impact of each material as seen in Table 3 and below.
[bookmark: _Toc187729322][bookmark: _Toc187729720]Table 3 - Material Cost (as of 3 January 2025 prices converted into £).
	Material
	Cost (£ per Kg)

	Polypropylene (PP)
	0.41

	PVC (Polyvinyl Chloride)
	0.42

	Stainless Steel (SS304)
	3.01

	Aluminium (Al 6061)
	3.38



Looking into the environmental impacts of each material a clear issue occurs in PVC, Kudzin, M. H et al (2023) “considered as the most environmentally damaging plastic and one of the most toxic substances for inhabitants of our planet. From cradle to grave, the PVC lifecycle (production, use and disposal) results in the release of toxic chlorine-based chemicals”. Similarly, Polypropylene is also environmentally damaging being “made from fossil fuel crude oil” and “is not biodegradable and can take hundreds of years to decompose in landfills.” (Empower, no date). However, despite these big drawbacks both PVC and Polypropylene can be recycled and repurposed if done correctly with PVC needing to be “ground in small particles and cleaned. The particles can be then remelted and remoulded”. (Extruflex, 2025), whereas Polypropylene “involves collecting and sorting the plastic waste, shredding it into small pieces, and then melting and moulding it into new products.” (WasteTrade, 2025). In contrast, Stainless Steel and Aluminium's main environmental concerns are “not only energy-intensive and an important source of greenhouse gas (GHG) emissions, but also causes severer environmental impacts, such as land and water use” Harpprecht, C et al (2024). However, using recycled versions of these materials “saves up to 20 times (i.e., between 60-95%) of the energy needed compared to the extraction of those metals” (Euric, 2022).
Using the research conducted and Tables 1-3, a decision matrix (Table 4) can be created to determine the most suitable material previously tested during the fabrication of the treatment tank considering cost, environmental impact and material properties. Which is determined to be Aluminium with the highest score of 65.



















[bookmark: _Toc187729323][bookmark: _Toc187729721]Table 4 - Materials Decision Matrix.
	Material Decision Matrix
	Polypropylene (PP)
	PVC (Polyvinyl Chloride)
	Stainless Steel (SS304)
	Aluminium (Al 6061)

	Criteria
	Weight
	Score
	Total
	Score
	Total
	Score
	Total
	Score
	Total

	Cost
	5
	5
	25
	5
	25
	3
	15
	3
	15

	Environmental Impact
	2
	2
	4
	2
	4
	3
	6
	3
	6

	Weight
	4
	4
	16
	3
	12
	2
	8
	5
	20

	Tensile Strength
	3
	2
	6
	2
	6
	5
	15
	4
	12

	Yield Strength
	3
	3
	9
	3
	9
	5
	15
	4
	12

	
	Total
	60
	Total
	56
	Total
	59
	Total
	65




[bookmark: _Toc187729746]Designs
[bookmark: _Toc187729747]Initial Designs
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[bookmark: _Toc187729400]Figure 7 - Initial Design, Hot Tub Solution.
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[bookmark: _Toc187729401]Figure 8 - Initial Design, Crane Solution
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[bookmark: _Toc187729402]Figure 9 - Initial Design, Drawer Solution.
[bookmark: _Toc187729748]Final Design
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[bookmark: _Toc187729403]Figure 10 - Final Design Closed Tank Lid.
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[bookmark: _Toc187729404]Figure 11 - Final Design Open Tank Lid.
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[bookmark: _Toc187729405]Figure 12 - Final Design Technical Drawing 3-1.
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[bookmark: _Toc187729406]Figure 13 - Final Design Technical Drawing 3-2.
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[bookmark: _Toc187729407]Figure 14 - Final Design Technical Drawing 3-3.
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[bookmark: _Toc187729408]Figure 15 - Final Design Technical Drawing 3-4.
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[bookmark: _Toc187729409]Figure 16 - Final Design Technical Drawing 3-5.

[bookmark: _Toc187729749]Manufacturing Process
The modifications to the treatment tank can be made using a drill and tapping a hole for the fixings required to secure other components such as the guide rails to the treatment tank which can be completed in-house. However, the remainder of the components will need to be outsourced to be manufactured using a CNC milling machine which can precisely cut the aluminium to form the parts and create chamfers or fillets ensuring the exposed edges are smooth reducing the risk of an operator injuring themselves when handling the design whilst also accurately creating the holes where fixings will be located and be threaded by machine rather than manually gauged like the treatment tank. However, a big drawback to this is the waste material it generates (swarf) with the process being a subtractive manufacturing process.



[bookmark: _Toc187729750]Justification
As observed in Table 4 the most suitable material to use for the tank cover is Aluminium, this is mainly due to the material weight being significantly lighter than Stainless Steel without massively compromising in Tensile and Yield Strength unlike both the cheaper alternatives Polypropylene and PVC whilst being a similar price point to the stronger Stainless Steel. However, all the material choices investigated are not great for the environment with Aluminium requiring lots of energy to manufacture and creating greenhouse gases which contribute to global warming, this can be partially offset with the material being able to be recycled and potentially repurposed after its product lifecycle.
[bookmark: _Toc187729324][bookmark: _Toc187729722]Table 5 – Design Decision Matrix.
	Design Decision Matrix
	Hot Tub Solution
	Crane Solution
	Drawer Solution

	Criteria
	Weight
	Score
	Total
	Score
	Total
	Score
	Total

	Feasibility
	3
	4
	12
	2
	6
	5
	15

	Cost
	4
	3
	12
	1
	4
	5
	20

	Sustainability
	2
	4
	8
	3
	6
	4
	8

	Safety and Risk
	5
	3
	15
	3
	15
	5
	25

	Efficacy
	5
	3
	15
	5
	25
	4
	20

	Efficiency
	4
	3
	12
	1
	4
	5
	20

	
	Total
	74
	Total
	60
	Total
	108



Using another decision matrix, as shown in Table 5, it can be determined that the drawer solution is by far the best option. It scored over 30 points higher than the alternatives and is much more cost-effective than other solutions such as the crane. Implementing the crane solution would require changes to the OEM infrastructure with each crane requiring gantries to safely move the tank cover away from the tank for the aluminium parts to be anodised. However, the drawer design does have some minor drawbacks as unlike the crane, it cannot be fully removed from the treatment tank limiting the clearance for parts marginally. Despite this, the anodisation process will not be affected, as the parts can still be easily dipped. 
Additionally, the drawer design presents fewer potential hazards compared to the other options. For instance, the hot tub design could force operators to lean over the treatment tank to open or close the cover, whilst the crane design introduces instability when lifting or lowering the cover, due to it relying on two hooks to attach the cover. There is also the risk of safety latches being incorrectly fitted, which could cause the cover to fall while suspended. Contrastingly, the drawer design excels in its simplicity of operation. The cover can be removed by simply pulling the handle, whereas the other designs require multiple actions making it a safer design to use. It is also feasible to implement and repair, with components held together by fixings that allow for quick and effortless interchangeability if components become damaged or need further modifications.

[bookmark: _Toc187729751]Conclusion
In conclusion, the drawer solution effectively meets the design brief by being suitable for a single operator and simplifying the lid placement process. This design reduces strain on technicians, enhances safety, and allows for clearance where the aluminium parts can be dipped during the anodisation process. Importantly, it requires only minor modifications to the treatment tank without affecting the treatment tank's dimensions. As shown in Table 1, the design meets all specifications, with the cost to manufacture under £100,000 for every 100 units, the design being user-friendly, the selection of aluminium which provides a strong yet lightweight alternative to stainless steel for the design, further reduces operator strain making the design a safer to use alternative. The chosen manufacturing process of CNC milling allows for efficient batch production across all OEM sites and for the design to have fillets chamfers and machined threads incorporated.

[bookmark: _Toc187729752]Further Work
To further improve the design solution the use of industrial guide rails rather than manufacturing guide rails and installing them could reduce the cost of the design, which could lead to reducing the amount of aluminium used making the tank cover smaller, lighter and removing the extra cost to have the part manufactured. Moreover, the design could be manufactured using Electrical Discharge Machining (EDM) instead of a CNC, this would result in not only more precise and accurate parts but would also result in far less waste material.
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