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[bookmark: _Toc220949132]Introduction
This report proposes new designs intended to address the issues being faced by production from the stainless steel anodisation tanks (Figure 1), which are used across several sites within this automotive original equipment manufacturer (OEM). Dozens of these tanks are used on the production lines to anodise aluminium parts for aesthetic reasons, and to add a layer of protection from degradation. The tank is covered by a 5mm thick stainless steel removable cover when not in use, for health and safety purposes. However, this cover is heavy and only has two handles, one on each end; requiring a 2-person lift to remove/replace. This unergonomic, challenging operation is posing a major risk to staff.
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[bookmark: _Toc220949150]Figure 1 -Anodisation tank (Automotive OEM)

The aim of this redesign is to allow for a safe, ergonomic single person operation while maintaining process requirements. The aluminium parts are lowered into the tank from above using a hoist, so the cover cannot be an obstruction. The redesign must be suitable for production volume in the low hundreds, to accommodate the needs of the line manager. The design must also be practical and safe for the production staff.
[bookmark: _Toc220949133]Literature Review
[bookmark: _Toc220949134]Legislation Considerations
While designing any product there are regulations and responsibilities for an engineer to adhere. The Institute of Mechanical Engineers (IMechE) has a code of conduct that covers several areas of discipline which members must practice, this code provides a relevant ethical framework for professional engineering practice. “All members shall act with care and competence” this is applicable to all engineers as they must act within their competencies, in the interest of product quality and employee safety. The operation of the new design must be in accordance with the ‘Health and Safety at Work Act 1974’ and follow guidance advised in the ‘Manual Handling Operation Regulations’ (Health and Safety Executive 2026, 2016), which state employers’ general duties. ‘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.’. The design must also meet COSHH regulations to regard chemical safety (Health and Safety Executive 2020.).

[bookmark: _Toc220949135]Design Standards
Following British Standards (BS) and the ISO 45000 standards ensures and certifies that quality, safety, and efficiency is considered for in any new designs. The designs and technical drawings will be to the standards specified by the BSI ‘Technical product documentation and specification’. By following BS8888, any ambiguity, such as tolerances, between designer and manufacturer shall be avoided; “The tolerancing on the drawing shall be complete to ensure that the elements of size and geometry of all features are controlled, i.e. nothing shall be implied or left to judgement in the workshop or in the inspection department.” (BSI 2011). Following BS8888 standards ensures that any designs and technical drawings are compliant with British legislation.


[bookmark: _Toc220949136]Specification
From analysing the design brief, a design specification has been developed, see Table 1. This specification outlines the expectations the final design must meet. Any designs that do not meet this specification will be deemed unsuitable for practice.

[bookmark: _Toc220949164]Table 1 - Design specification
	Criteria
	Specification

	Time
	12 Weeks to implement

	Target Market
	Line Manager & Production workers

	Function
	Improve Useability & Safety, improve from a 2-person operation to 1-person operation.

	Design Constraints
	Dimensions & materials of the tank & lid, must have clearance above tank.

	Size
	Height: 1000mm, Width: 1020mm, Length: 1770mm

	Durability
	Product needs to last for the lifetime of stainless steel tank, and operate several times per day

	Materials
	Must be strong, resistant to 30% Sulphuric Acid at 25 Degrees Celsius

	Safety
	Lid must be operable safely by a single person with minimal manual lifting. Tank contains 30% Sulfuric acid, must meet COSHH regulations

	Cost
	Upfront and ongoing cost must be minimised. Company requires improvement to safety, but with minimal cost

	Manufacture
	Automotive OEM manufactures several parts therefore machining tools, materials processing equipment etc. is available for use. Volume in low hundreds, products can be made in house using suitable methods

	Testing
	Strength & durability of product must be tested; operation of design must be tested


[bookmark: _Toc220949137]
Time Plan
[bookmark: _Toc220949165]Table 2 - GANTT Chart
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AI-generated content may be incorrect.]The project has been allocated a 12-week time plan, seen above (Table 2). This timing plan has accounted the need for a quick solution, without compromising quality of the final product. The tasks have been ordered appropriately to reflect the ‘Product Development Cycle’, a thought cycle used in the industry that can be applied to the development of any product. The allocation of timing for each task above has been decided by its significance and weight in the project, ensuring every task can be completed to high standard. [bookmark: _Toc220949151]Figure 2 - Product Development Cycle (UWTSD, 2026)

[bookmark: _Toc220949138]Research
The existing health and safety concern of the current tank is that the lid requires a two-person lift, which the Manual Handling Operations Regulations (1992) emphasises the importance of eliminating hazardous lifting in the workplace, where practicable. The brief states that the operators are finding it most difficult to replace the lid correctly, as there’s nothing to aid them to align it. The lid is also large and heavy, weighing approximately 72kg (Equation 1). This load significantly exceeds recommended single-person manual handling limits, reinforcing the need to improve the design. This risk is clearly highlighted in the Manual Handling Operations Regulations (1992), ‘The weight of a load is important when assessing the risk from manual handling but, as discussed in paragraph 13, it is well established that the weight of the load is only one – and sometimes not the main – consideration affecting the risk of injury. Other features of the load must also be considered, such as: resistance to movement, such as frictional forces when pushing and pulling; size; shape; rigidity.’

[bookmark: _Toc220947608]Equation 1 - Mass of Stainless Steel lid
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AI-generated content may be incorrect.]Research into these concerns has been conducted, and already existing solutions have been investigated. An interesting design (Figure 3) from ‘Products Finishing’ is seen below.[bookmark: _Toc220949152]Figure 3 - Hinged Roller Lid (Products Finishing, 2011)

This roller hinged solution allows for access from above and is ergonomically practical. However, developing and implementing this design in the low hundreds will have higher costs compared to a simpler design, as the modifications to the existing tanks and lids would be extensive. However, this design can inspire simpler designs, where rollers and hinges can be applied differently. Stainless steel will be a suitable material for the cover, as 30% Concentrated Sulfuric acid doesn’t oxidise Stainless steel as rapidly as high-concentrated solutions (British Steel Association).


[bookmark: _Toc220949139]Design Concepts
[bookmark: _Toc220949140]Concept One
The first conceptual design developed is an improvement to the existing lid. By welding a stainless steel eye onto the top side of the lid, the hoist already in place can be attached to the eye to lift the lid from the tank. This improvement will eliminate the health risk to operators from lifting the heavy lid from the tank and will not obstruct access from above. Removing/replacing the lid will also now be a one-person operation, as the hoist is utilized. The only persisting issue with this design is that the lid doesn’t self-align, this may result in slow operation as the operator will still have to align the lid perfectly each time it is replaced onto the tank, which could still prove challenging even with assistance from the hoist.
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[bookmark: _Toc220949153]Figure 4 - Stainless Steel Lid with Hoist Eye (Levi, Concept 1 Design, 2026)
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[bookmark: _Toc220949154]Figure 5 - Stainless Steel Tank with Hoist able Lid (Levi, Concept 1 Design, 2026)
[bookmark: _Toc220949141]Concept Two
Concept two utilizes a design on rails, with rollers to roll the lid onto and off the tank. This design is inspired by the solution researched in Section 5, as a roller design satisfies the specification. The rollers and rails are to be welded onto the original tank and lid. The design is relatively low cost, self-locating and doesn’t require heavy lifting from the operator. There are, however, some issues with the design. The design doubles the footprint of the tank and leaves rails protruding from the tank, these rails could easily be a hazard, as the tank will be located on a busy production line it’s very likely to cause injury at some point. 
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[bookmark: _Toc220949155]Figure 6 - Roller Lid Concept (Levi, Concept 2 Design, 2026)
[bookmark: _Toc220949142]Concept Three
Concept three is the most cost-effective concept, with the least hazards. The design adds hinges and a gas strut to the tank. This design meets the specification as the hinges allow the lid to lift and pivot, always being aligned to correctly to the tank. The gas strut supports the lid while the operator pulls it up, allowing for an easy one-person lift whilst also holding the lid open. The hinges and gas strut are fixed using fasteners, therefore they’re easily removeable and serviceable, unlike the previous designs which were welded to the tank or lid.
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[bookmark: _Toc220949156]Figure 7 - Hinged, Gas Strut Supported Lid (Levi, Concept 3 Design, 2026)


[bookmark: _Toc220949143]Selection
[bookmark: _Toc220949166]Table 3 – Decision Making Matrix
	Criteria
	Weight 
	Concept 1
	Concept 2
	Concept 3

	Feasibility
	2
	2
	3
	5

	Cost
	4
	3
	2
	3

	Efficiency
	3
	1
	4
	4

	Reliability
	1
	4
	3
	3

	Safety and Risk
	5
	4
	1
	4

	Total
	43
	34
	57



Safety and risk were weighted highest due to the presence of hazardous chemicals and the existing manual handling risk. Cost and efficiency were also prioritised as the design must implemented across multiple of the Automotive OEM’s sites.


[bookmark: _Toc220949144]CAD Model of Final Design
The final design has been modeled in CAD. The hinges allow the design to rotate on a pivot, opening close to 90 degrees, allowing ample room for parts to be lowered vertically into the tank. The gas strut supports the operator in lifting the lid and holds the lid open while in position. Using CAD to design the final product allowed for visualization and testing of the operation before implementing the design for manufacture. Using CAD has also aided development of the manufacturing process, as well as the order of assembly for each part. Choice of materials, threads and fixings have also been completed using CAD.
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[bookmark: _Toc220949157]Figure 8 – CAD Design, Closed (Levi, 2026)
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[bookmark: _Toc220949158]Figure 9 – CAD Design, Open (Levi, 2026)
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[bookmark: _Toc220949159]Figure 10 - CAD Design, Side View (Levi, 2026)
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[bookmark: _Toc220949145]Technical Drawings
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[bookmark: _Toc220949160]Figure 11 - Hinge Assembly Technical Drawing (Levi, 2026)
[image: A diagram of a steel tank

AI-generated content may be incorrect.]
[bookmark: _Toc220949161]Figure 12 - Stainless Steel Tank Lid (Levi, 2026)
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[bookmark: _Toc220949162]Figure 13 - Stainless Steel Tank (Levi, 2026)
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[bookmark: _Toc220949163]Figure 14 - Tank Assembly & BOM (Levi, 2026)
[bookmark: _Toc220949146]Manufacturing Process
The parts used in this final design are easy to manufacture at low cost. CNC milling is the best process to modify the existing lid. To add the notches to the lid for the hinges, CNC milling is practical as the notches are 7.5mm deep with 0.1mm tolerance. A CNC milling machine will be able to process this quickly and accurately, saving time and cost. The threaded holes for the hinges and gas strut will require drilling, post process. The Stainless steel container will also require some modifications to accommodate the hinges and struts. The notches in the tank will be the most time-consuming modification to manufacture, as the tank is already assembled it cannot be laser cut or conventionally CNC Machined. Instead, a jig guided handheld cutter can be used to cut the notches from the tank. The jig will provide consistent cuts within the tolerances provided. The threaded holes for the hinges and gas strut will again require drilling post process.  The hinges can be manufactured from stainless steel using a combination of laser cutting and rolling. The external profiles can be laser cut, achieving tight tolerances and excellent finish. The knuckles of the hinges can then be rolled, and the countersink holes can be drilled post process. The gas struts used in the design can be bought off the shelf, and therefore will not require manufacturing. The manufacture of parts and assembly of the final product will be practical for a volume of the low hundreds, as the Automotive OEM will have all the available resources on-site to manufacture and assemble the product in house, except for the gas strut, which can be purchased from a supplier.


[bookmark: _Toc220949147]Justification
The design utilizes the existing lid and tank from the original product, which save on costs while improving the functionality. The specification for the design has been satisfied, as the safety and ergonomics have been met, and brought up to standard with Manual Handling Operations Regulations (2016). The lifting force required to lift the lid has been reduced by the gas strut, making the operation one-person, as a market example of a 400mm strut can provide 700N of force (StrutsDepot). The design accounts for serviceability, as all parts are fitted by fixings rather than welding, improving the life of the product. As all the fitted parts are made from stainless-steel, they will meet COSHH regulations, as stainless steel is safe for exposure to low concentrated sulfuric acid (British Stainless Steel Association).

[bookmark: _Toc220949148]Conclusion

The final design meets the brief provided as it improves safety at a low upfront cost for the company and meets the requirements of the customers (Production and Line Manager). The new design meets health and safety requirements and is COSHH compliant. With the new design, staff are at much lower risk of injury, and the company will see an improvement in production efficiency, as the operation of the tank is now one-person and faster. Further work can be carried out going forward, such as the use of improvement tools like Process Failure Mode and Effects Analysis (PFMEA), which can be used to assess if there’s any issues regarding the design. Design standards and legislation such as BS8888, MHOR and COSHH have been considered throughout the design process to provide a high quality solution to the problem.
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Parts List
Item | Qty Part Number Description Material

1 1 |Stainless steel - Steel
tank

2 2 |Hinge Assembly - Steel

3 1 |Stainless steel - Steel
tank - lid

4 20 |CSJISB1115- Countersunk Screw JIS B 1115 - | Steel 4.6,
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Steel 4.6 Plain
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B18.2.4.6M-M12 |-M12x1.75 2H, Plain
x 1.75 Steel Grade
2H Plain

6 1 |Gas Strut assy -— Steel

7 2 |JISB 1180 - Hex Head Bolt JIS B 1180 - Steel 4.6,
M14x35 C Steel M14x35 - C Plain
4.6 Plain
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