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[bookmark: _Toc188025076]Introduction
[bookmark: _Toc183762657]We were tasked with designing a lid for an anodising tank. When the tank is not in use, a removeable cover is placed on top for health and safety purposes. Staff have raised concern with the existing lid design stating it is heavy and cumbersome, requiring a two-person lift, raising further concerns regarding the safety of the current process. The health and safety officer has flagged the operation as a risk at this site and other sites with the same tank lid design (approx. 100+).
[bookmark: _Toc188025077]Objectives
The objective of our assignment is to design a lid that is safe for a single person to operate/remove. The lid needs to fit a stainless-steel tank of length 1770 mm, width 1020 mm, height 20 mm and thickness 5 mm (see figure 2.1). The tank dimensions (as above) and material (SS304) must stay the same, although modifications can be made. The tank lid can be altered/redesigned without constraint. Clearance from above must be retained to allow aluminium parts to be lowered into the anodising tank without fouling. The process medium of the tank is 30% sulphuric acid at 25°C. The final design will be a new lid that simplifies the lifting process while maintaining safety, functionality, and cost-effectiveness. The lid will have minimal impact on production and will not impede the tanks operational parameters. The lid will help reduce fumes and energy costs associated with heating the tank as it will help retain heat. This report will detail the design process, including research, specifications, concepts, CAD drawing, and manufacturing considerations, focusing on three potential materials: aluminium, stainless steel, and plastic (Polypropylene).
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[bookmark: _Toc188025078]Key legislation
Through my research, I have observed that various health and safety regulations and legislation must be taken into consideration. These are there to keep us safe and make sure the tank and its medium will withstand the temperatures and pressures exerted, preventing 30% sulphuric acid from coming into contact with people and the environment. These include, but not limited to:
1. Health and Safety at Work Act (1974) (Health and Safety Exectutive, 2024): Ensures the design allows for lifting and handling safely, reducing the risk of injury. The lid must not exceed 25 kg weight limit (Beckett & Co solicitors, 2024) that would require a multiple person lift.
2. Manual Handling Operations Regulations (1992) (Health and Safety Executive, 2020): Advices employers must avoid manual handling tasks wherever possible. The lid must be designed for safe handling by a single individual.
3. COSHH (Control of Substances Hazardous to Health) (Health and Safety Executive, 2024): The lid must be designed with a material resistant to the conditions within the tank (30% sulfuric acid at 25°C) to avoid degradation and compromise the lids structure/integratory.
4. ISO 12100-1:2010 Safety of machinery - General principles for design — Risk assessment and risk reduction (ISO 12100, 2024): UK standard for risk assessment to help guide design, reducing risks associated with the lifting/placement of the lid.
5. BS 8888:2020 Technical product documentation and specification (BSI, 2019): The final design will meet the requirements of BS 8888:2020, detailing correct dimensioning, materials and tolerances for clear/precise communication during the manufacturing process.
[bookmark: _Toc188025079]Product Design and Manufacturing Plan (Time)
The project will aim to follow the below structured timeline (table 4.1). The timeline will guide each step and outline responsibilities in order to allocate workload effectively, keeping costs to a minimum whilst solving the problem as quickly and safely as possible.

Table 4.1 Product design and manufacturing time frame [image: A task type with black text
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[bookmark: _Toc188025080]Design Specification and Considerations
Based on the assignment brief, the following specifications have been considered for the tank lid design:
1. Material: The material must be durable, resistant to corrosion from sulfuric acid, and sufficiently strong to resist heat and deformation from sagging. The following materials are considered for the final design:
· Aluminium (Al 6061)
· Stainless Steel (SS304 and 316)
· Polypropylene (PP) (plastic)
2. Dimensions: The lid must cover the tank, maintaining the same overall tank dimensions: 1770 mm (length), 1020 mm (width), and 20 mm (height).
3. Weight: The lid must be designed to be manageable by one person.
4. Safety Features: These include features that prevent accidental slipping, dropping and easy to position and remove.
5. Usability: The lid should have handles or lifting mechanisms that ensure a secure grip, making it easier for single person lift.
6. Manufacturability: The design considers ease of manufacturing, utilizing production methods such as sheet metal forming, injection moulding, or welding for different materials.
Material Comparison: Aluminium, Stainless Steel, and Plastic
Each material has comparable advantages and disadvantages. Below is a comparison based on their properties and suitability:
1. Aluminium (Al 6061)
· Advantages:
· Lightweight: Aluminium is lighter than steel, making it easier to handle for a single person.
· Corrosion Resistance: Al 6061 has good resistance to corrosion, particularly in acidic environments (30% sulfuric acid).
· Ease of Manufacturing: Aluminium is easier to machine, and shape compared to stainless steel. CNC machining and welding are common manufacturing methods. However, welding of aluminium requires a higher skill set and has a greater effect on mechanical properties when compared to welding stainless steel (TWI, 2022).
· Strength-to-Weight Ratio: Offers a good balance between strength and weight.
· Disadvantages:
· Cost: Aluminium can be more expensive than plastic, although generally cheaper than stainless steel.
· Durability: Although corrosion resistant, aluminium is softer than steel and in not as durable in a high-stress environment.
· Surface Damage: Aluminium may be prone to scratching and dents.
2. Stainless Steel (304 & 316)
· Advantages:
· Corrosion Resistance: Stainless steel offers excellent resistance to sulfuric acid, making it a highly suitable material for this application. Grade 316 has higher resistance to pitting than grade 304 due to the addition of molybdenum (British Stainless Steel Association, 2024).
· Strength: Stainless steel is strong and tough, offering durability and resistance to deformation.
· Longevity: It’s resistant to wear and has a long service life.
· Disadvantages:
· Weight: Stainless steel is much heavier than alternatives, which makes the lid more difficult to handle and increases the risk of injury, especially if it exceeds the recommended single-person operation weights.
· Cost: Stainless steel is typically more expensive than aluminium and plastic, both in terms of raw material costs and fabrication.
· Manufacturing Complexity: Stainless steel is harder to machine and requires more energy to form, increasing manufacturing time and cost. However, Stainless steel is easier to repair than plastic and aluminium.
3. Polypropylene (PP)
· Advantages:
· Lightweight: PP is much lighter than metals.
· Corrosion Resistance: PP shows no visible signs of degradation when exposed to sulfuric acid at the concentration and temperature used in the anodising process.
· Cost-Effective: Polypropylene is inexpensive compared to metals.
· Ease of Manufacturing: PP can be easily moulded, allowing for high-volume production.
· Disadvantages:
· Strength: PP is not as strong as metals and may deform or fail under heavy loads or mechanical stress. More supports/stringers/cross members will need to be added to the design for load bearing purposes.
· Durability: Over time, PP may degrade when exposed to UV light or high mechanical stresses, potentially reducing its service life compared to metals.
· Aesthetic Appearance: Plastic materials like PP may not provide the same aesthetic that metal would, which could be a consideration.
[bookmark: _Toc188025081]Designs and Sketches
Design 1: Cover Lifter Mechanism - A hinged lid that swings from one side of the tank (figure 6.1 (Spa Parts Guy, 2024)). The hinge allows a single person to open and close the lid, much like a hot tub cover lifter The lid is easily opened and closed with minimal effort/force, reducing the risk of injury. However, the lifting mechanism position means it is exposed to condensate from the process medium, causing potential premature failure from corrosion. A resolution is to manufacture the lifting mechanism from 316 grade stainless steel, with a greater resistance to pitting and corrosion than grade 304 (British Stainless Steel Association, 2024). 

[image: A drawing of a hot tub
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Design 2: Sliding Lid with Rail System - The lid slides on rails, e.g., linear guide system, mounted along the tank (see figures 6.2). It can be easily manoeuvred into position single handed. A bearing system with wiper is fitted about the lid completing the system. However, when the lid is removed, it will require additional space and access to the tank would be from one side only.

[image: A diagram of a rail system
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Design 3: Lightweight Removable Lid - A simple, flat lid (see figure 6.3), made from a lightweight material with handles strategically placed to balance load and aid ergonomic handling, to enable single person operation. The lid can be designed as a single part or split into two sections. The lid design will be relatively easy to manufacture, lightweight and cost effective. However, careful design consideration needs to be given to handle positions and strengthening cross member and strut brace for rigidity/stability.
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Figure 6.3 –Visualisation sketch of design 3 using Solid Works. Note: Lightweight lid design.
[bookmark: _Toc188025082]Final Design
Design 1 was complicated and expensive to manufacture. It involved longitudinally sectioning the lid to add a central hinge system, potentially interfering with the lifting and anodising operations. Additionally, when not in use, the lid restricts access to one side.
Design 2 shared several flaws with design 1. Potential for the guiderail bearings to seize if incorrectly maintained, making it difficult to remove the lid. It to reduced access to one side and would double the tank’s footprint when the lid was not in use.
After careful consideration, I have selected design 3, the lightweight removable lid with handles, as the final design. The lid will be made from polypropylene (PP), which offers good corrosion resistance to sulfuric acid, as given in the brief. Polypropylene exhibits minimal reduction in visual appearance, weight change, tensile strength, or hardness after exposure to sulfuric acid at 25°C. It can be easily moulded, enabling high-volume production with reduced fabrication and machining compared to metals. The lid will be split into two sections to reduce weight (see table 7.2) and enable easier removal and storage.
The following manufacturing techniques were considered for making the polypropylene lid:
1. Injection Moulding: The primary method for high-volume production, injection moulding injects molten polypropylene into a mould under high pressure, creating precise shapes with intricate features like handles and reinforcement ribs. It ensures consistency in product dimensions and is efficient for complex geometries.
2. Thermoforming: A cost-effective technique for large, thin-walled components. Polypropylene is heated and stretched over a mould to form the lid shape, which is then cooled and trimmed.
3. Compression Moulding: Pre-measured polypropylene is placed in a heated mould, where pressure is applied to form the lid. This method can produce thicker, more durable parts, and reinforcing fibres can be added for extra strength.
I rejected stainless steel due to its weight (approximately 75kg) and cost, and aluminium due to the difficulties associated with welding, which significantly reduces its strength. This would require using more expensive heat-treatable alloys or adding thickness and supports, increasing both weight and cost.
I created a CAD drawing (figure 7.1) using SolidWorks, following guidelines set out in BS8888:2020. The lid will be designed to weigh approximately 5-8 kg overall (2.5 – 4 kg per section), and ergonomic features will be integrated into the handles. The design allowed me to consider differed manufacturing processes to produce the lid. 
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For the polypropylene tank lid, a compression moulding process would be the most suitable techniques for high-volume production, cost-efficiency, and design flexibility. Compression moulding ensures precise and complex geometries. The handles are off the shelf items from suppliers such as Screwfix (Screwfix, 2025) (figure 7.2). They are supplied with M7.5 Stainless steel bolts that will fix through the underside of the lid, into the handle.
[image: A screenshot of a product
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(Screwfix, 2025)



[bookmark: _Toc188025083]Conclusion
I opted to manufacture the lid in two halves using polypropylene. The lid will be produced using compression casting. This technique is well established, allowing mass quantities of lids to be produced quickly and cost effectively, having minimal impact on the business through lost time or capital expenditure. The handles are off the shelf and relatively cheap. If the lid or handles were to get damaged, they are easily replaceable.
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Note: ChatSmith was used to proofread this assignment (ChatSmith, 2025)
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Figure 2.1. Image detailing tank dimensions from assignment brief
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Figure 6.1. Similar design found on hot tub lids (Spa Parts Guy, 2024): note cover lifter

mechanism.
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Figure 6.2 - Image of design 2 (J W Winco, 2023): note linear rail system for sliding lid.
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Figre 7.1, Image detailing front and underside view of the lid split into two sections as drawn
in Solid Works: note, 10m fillets on the underside to increase mechanical
properties,
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Technical drawing of tank lid as drawn in Solid Works - Constructed of polypropylene
using compression casting. This method is quick and cheap.




