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[bookmark: _Toc188194806]Scope
The scope of this report is to address an issue with the anodisation process for a client which anodises aluminium parts for aesthetic purposes and to protect the parts from degradation. The company staff, and health and safety officer have identified significant challenges in the task of placing the cover on the anodisation tank when it is not in use. This poses a safety hazard to the staff and negatively affects efficiency.  
The objective of this project is to develop a solution that allows for the safe and efficient removal and fitting of the anodisation tank cover by a single operator. The design must adhere to all relevant regulations and legislation while ensuring it does not encroach on the area of aluminium parts to be lowered into the tank. Additionally, the existing tank dimensions and materials are fixed parameters and must remain unchanged in the new design.
[bookmark: _Toc188194807]Key Legislation Considerations
When designing the new anodisation tank cover, consideration must be given to health & safety requirements. Below are some of the key legislation and regulations considered to ensure the new design complies with health & safety standards: 
· Health and Safety at Work etc. Act 1974  – This legislation ensures employers provide and maintain a safe working environment for all employees. For this design, steps must be taken to minimise hazards such as heavy lifting, sharp edges and exposure to harmful substances.
· The Management of Health and Safety at Work Regulations 1999  - These regulations ensure employers conduct risk assessments and control measures. This design process must include a risk assessment to identify and mitigate hazards – In this instance, acid exposure and lifting hazards.
· Manual Handling Operations Regulations 1992 (UK)  – This regulation looks to minimise risks associated with manual handling.  To adhere to this regulation, this design must allow a one-person operation to reduce risk using lightweight materials and mechanisms to reduce weight.
· Control of Substances Hazardous to Health (COSHH) – HSE – This regulation ensures the safe handling of substances hazardous to health. This design must include sufficient sealing systems and make sure users are not exposed to harmful fumes or spills.

[bookmark: _Toc188194808]Specification
[bookmark: _Toc188194809]Client Requirements
The tank cover dimensions are L-1770mm, W-1020mm, H-20mm and made from 5mm thick stainless steel. The cover has 2 handles, one on each end, to allow a two-person manual lift for fitting and removal of the cover. 
The new anodisation tank cover must meet the following functional requirements as per client demands.
· The cover must be safely operated by a single person without requiring excessive individual effort.
· Clearance above the tank to allow aluminium parts to be lowered into the tank.
· The cover must be robust enough to withstand exposure to 30% sulphuric acid heated to 25°C.
· The design of the cover must fit the dimensions of the existing tank.
· The design must be viable to create an amount in the low hundreds.
[bookmark: _Toc188194810]Specification Table 
	Category
	Details

	Materials
	· Material must be able to withstand exposure to 30% Sulphuric acid heated to 25°C.
· Lightweight to allow single person operation.

	Safety
	· Ensure compliance with H&S regulations.

		Cost



	



	· No cost per unit specified. 
· Reasonable to manufacture without compromising on safety. 

	Environmental Issues
	· Materials to be recyclable.

	Manufacture
	· To be suitable for manufacture of numbers in the low hundreds.

	Testing
	· Test to ensure single person function of design.

	Time
	· Target of 8 – 10 weeks.

	Target Market
	· Industrial operators. 

	Function
	· Design must provide operator with a safe and easy method to fit and remove anodising tank cover.

	Design Constraints
	· The design of the cover must fit the dimensions of the existing tank.

		Size



	



	· The cover must fit the tank dimensions of L-1770mm, W-1020mm, H-20mm.

	Aesthetics (Looks)
	· Functional product – metallic finish.

	Durability
	· 5 years under frequent use.






[bookmark: _Toc188194811]Product Time Plan  
Below is a Gantt chart which shows a project timeline for the anodisation tank cover from initial planning phase through to the final post-production phase:
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Description automatically generated]The material chosen for the tank cover must be considered, taking into account the chemical exposure, weight, mechanical properties and ease of handling for the operator. Comparisons for materials such as Polypropylene (PP), Polyvinyl Chloride (PVC), Stainless Steel (SS304), and Aluminium (AI 6061) were carried out: 










· Polypropylene (PP): Resistant to acid at 20% concentration, however it has a relatively low tensile strength which may not be suitable for prolonged, daily use as a tank cover.
· Polyvinyl Chloride (PVC): Less resistant to acid than Polypropylene (PP) with significant surface and mechanical property degradation over 24 hours.  As Polypropylene (PP), the tensile strength is low.
· Stainless Steel (SS304): Shows excellent resistance to acid at 15% concentration and high tensile strength. Mechanical properties are affected very little however weight could pose an issue for this application.
· Aluminium (AI 6061): Again, shows high resistance to acid with little affect on the mechanical properties of the material. Lightweight which is beneficial for this application.

In summary, PVC can be immediately ruled out as a viable option for the tank cover due to the acid causing mechanical property degradation. Polypropylene’s low tensile strength and hardness would not suit well to prolonged & regular use, the material is not robust enough for daily removal & fitting. Stainless steel is used in the current tank cover which proves it’s a viable option however the weight is posing challenges for the operators. Aluminium is highly resistive to the acid and relatively lightweight in comparison to stainless steel making this is a viable option for the redesign. The hardness value is slightly less than that of stainless steel meaning it is less durable, but still robust enough to cope with regular use. 
[bookmark: _Toc188194814]Safety & Ergonomics Research
The current tank cover design requires a two-person operation. To minimise safety risks when lifting the cover, considerations should be given to the weight and ergonomics of the lifting handles.
“Measures to control risk will vary depending on the task. Reduce the risk of injury from hazardous manual handling operations you can't avoid. Where possible, provide mechanical help, for example a sack trolley or hoist. Where this is not reasonably practicable, explore changes to the task, the load and the working environment.
If manual lifting is the only option then there are things you can do to reduce the risk, including:
· make the load smaller or lighter and easier to grasp
· break up large consignments into smaller loads”
(Health and Safety Executive (2024) Manual handling at work: Reduce the risk of injury.)



[bookmark: _Toc188194815]Design Research
For this design, tanks from multiple industries were researched. A common pattern appeared, utilising hinged or sliding mechanisms to reduce the load on the operator. Polypropylene and aluminium alloys (Inc. AI 6061) can significantly reduce the weight from the original design.
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Description automatically generated]Here is an example of a tank that utilises a hinged mechanism with handles placed on the top of each cover section. This removes the requirement for the operator to walk away and store the cover however this design could encroach on the clearance from above.
	

Figure 1 - Airflow Group (n.d.) Wheel Dip Tanks.


[image: Long close-up of a coffin

Description automatically generated]Again, this design utilises a hinged mechanism however the cover is divided along the length of the tank. Handles are placed on the short edge of both doors allowing for easy opening and closing.
Figure 2 - A1 Props (n.d.) Autopsy Dissection Table Dip Tank with Lever.

Both of the above cover mechanism examples utilise stainless steel for the designs, however both are used for unrelated applications. The material research carried out specifically for the client requirements would suggest aluminium or polypropylene would be best suited for the task.
[bookmark: _Toc188194816]Design Concepts
Below are some initial idea design concept sketches, these include details to demonstrate functionality and usability for the operators.
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· Concept # 1 – Design divides the top cover into two separate doors along the length of the tank. Both doors are hinged in the outmost corners with 200mm ergonomic handles placed at either end of each door to allow the operator ease of use. Made of 5mm thick aluminium to reduce weight with an overlapping section in the middle to close off the lid. The hinges allow rotation at approx. 270° therefore the doors can be stored in the open position without encroaching on the surrounding area. The top edges and corners are curved to reduce the risk to operators.

· Concept # 2 – This design divides the top cover into two separate doors along the length of the tank as concept #1. These doors are then hinged vertically down the centre to allow the doors to fold back on itself with ergonomic handles placed at each end allowing ease of use. Made of 5mm thick aluminium to reduce weight with an overlapping section in the middle to close off the lid. This design does not encroach at all on the tank surrounding area however it reduces the entry area of lowered parts.


· Concept # 3 – The only concept which is manufactured using polypropylene (PP) – lightweight but less durable than aluminium so more prone to damage over time. Design divides the top cover into two separate doors along the width of the tank. Both doors are hinged by two hinges placed along the short edge. 200mm ergonomic handles placed at either end of each door to allow the operator ease of use. Doors rotate around the hinge and rest parallel to the tank wall. 


[bookmark: _Toc188194817]CAD Model
[bookmark: _Toc188194818]Anodising Tank Cover
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Anodising Tank Cover Handle
[image: A blueprint of a curved metal bar
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[bookmark: _Toc188194820]Manufacturing Processes
Based on the client requirements, Aluminium (AI 6061) was deemed the most suitable material for the anodising tank cover due to it’s material properties, chemical resistance and light weight. Aluminium is also an easily recyclable material.
“In the UK, aluminium fabrication involves a variety of methods used to shape and form aluminium for different industrial purposes. These techniques include cutting, welding, bending, punching, drilling, and assembling aluminium parts, each of which plays a role in creating a diverse range of products.”
(Finish Architectural (n.d.) Aluminium fabrication in the UK.)
For this design, the bending process will be used to form the curved edges and corners of the tank cover from a sheet of metal thus ensuring a safer environment for the operators of the tank. The hinges placed at the corners of each door will be welded to the main body of the cover. The 200mm aluminium handles will be attached with mechanical fasteners (bolts) to allow a strong connection to the tank cover and quick replacement in the event of failure, these will be purchased off-the-shelf the keep costs low.
 


[bookmark: _Toc188194821]Justification for Design Choices
The client requirements were carefully considered to drive the design choices made in this report. 
[bookmark: _Toc188194822]Material Justification
The primary material chosen for the tank cover and handle was Aluminium (AI 6061).This decision was selected for it’s high chemical resistance to sulphuric acid, thus ensuring the products longevity without degrading. This material is also lightweight in comparison to stainless steel making single-person operation possible. The researched mechanical properties found Aluminium (AI 6061) is durable enough to withstand regular use without deforming, this was a main reason for final selection over Polypropylene. Furthermore, Aluminium (AI 6061) is a recyclable material reducing the environmental impact and aligning with environmental guidelines.
[bookmark: _Toc188194823]Design Justification
The hinged mechanism design coupled with splitting the cover in two sections reduced the load and eliminated the need for the operator to manually lift the entire cover thus reducing the risk of injury. Also, by introducing the hinged mechanism, the cover can be stored without obstructing access to the surrounding area.
[bookmark: _Toc188194824]Manufacturing Process Justification 
The manufacturing processes chosen were cost-effective and aligned with the client requirements. By bending the sheet aluminium, curved edges could be achieved improving safety. Welding was used to attach to the hinge mechanism to the cover and tank, this method provides a strong bond lending itself well to prolonged and regular use. To attach the handles to the cover, mechanical fasteners (bolts) were used. The not only provides a strong attachment but also allows for easy replacement if required.


[bookmark: _Toc188194825]Conclusion
In conclusion, the choices made for the material, design and manufacturing processes meet the client requirements. Solving the client problem by offering a safer, improved ease-of-use and long-term solution, that can be implemented quickly across all company tanks at a relatively low cost.
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