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[bookmark: _Toc194702294]Introduction
[bookmark: _Toc194702295]Interpretation of client’s brief
The client manufactures anodised aluminium components to prevent degradation and enhance aesthetic appeal. This process is achieved through the use of a stainless-steel tank containing a 30% sulfuric acid solution, heated to 25 degrees Celsius. The components are submerged in the tank utilising clamps and wire rope. 
When not in use, a 5mm stainless steel lid is securely positioned on the tank to ensure the safe storage of the sulfuric acid. Employees have expressed concerns regarding the lid's weight and the challenges associated with its removal and replacement, stating that it necessitates the assistance of two personnel. Consequently, the objective is to improve the design of the lid so that it can be operated safely by a single individual, particularly following the health and safety officer's claim that this task compromises employee safety. Upon reviewing the current lid design, there is significant potential for enhancement concerning lifting aids and the possible adoption of a lighter material. Nevertheless, the client has established several constraints that the design must adhere to, which include maintaining the tank's dimensions and ensuring adequate overhead clearance during operation. 









1. [bookmark: _Toc194702296]Key legislations
[bookmark: _Toc194702297]Health and Safety Regulations
[bookmark: _Toc194702298]Health and Safety at Work Act 1974 (UK)(HSWA)
As part of hwsa employers must ensure that all machinery and equipment is well maintained and safe to use without risk to health. They must also provide employees with training on how to operate equipment safely. Where applicable, the employer must ensure the proper handling, transport and storage of equipment and substances.(Legislation.gov.uk, 2014) 

[bookmark: _Toc194702299]Provision and Use of Work Equipment Regulations 1998 (PUWER) 
Puwer requires that equipment and machinery be suitable for its intended use and is only operated by the persons who have received the relevant training. Machinery must also be maintained to a safe standard and where necessary inspected annually. To eliminate risks while operating, machinery should be fitted with safety guards, safety stop buttons and warning signs. (Harraway, 2002)

[bookmark: _Toc194702300]Manual Handling Operations Regulations 1992
The regulation aims to prevent injury to employees while conducting manual handling operations. It is down to the employer to assess the risk to the health and safety of their employees. Looking at things such as weight of load, size, and shape of object, how often the object is handled and the environment manual handling is taking place. Where possible manual handling should be avoided or should be conducted using a mechanical aid to reduce risk to health and safety. (Executive, 1992) 

[bookmark: _Toc194702301]Control of Substances Hazardous to Health Regulations (COSHH) 2002
Coshh is a legislation that aims to control the exposure of hazardous substances in the workplace. It covers dust, vapours, fumes, chemicals, gases, and nanoparticles. Employers are required to carry out an assessment to identify any potential risks to employee’s health and safety. They must look at ways to eliminate risk through the use of alternative substances or methods. Or reduce risk through the use of PPE, warning signs, safe working practices and training.(The health and safety executive, 2024)


[bookmark: _Toc194702302]Environmental Regulations
[bookmark: _Toc194702303]Environmental Protection Act 1990
The Environmental Protection Act 1990 (EPA 1990) is a key piece of UK legislation that regulates pollution and waste management. The Act primarily focuses on controlling hazardous substances to protect human health and the environment. Businesses are required to store and dispose of hazardous substances safely and keep records concerning safe disposal for up to 2 years. Failure to comply with the legislation can result in an unlimited fine and a prison sentence of up to five years.(Business waste, 2023)
[bookmark: _Toc194702304]Industry Standards
[bookmark: _Toc194702305]ISO 9001 (Quality Management Systems)
ISO 9001 worldwide standard set out by the International Organization for Standardization. To ensure that organisations that provide products and service meet their customers need and requirements and comply with industry regulations. While continuously improving their processes to meet customers ever changing requirements. (ISO, 2023) 
[bookmark: _Toc194702306]BS 8888 – (Technical Product Documentation and Specification)
BS888 is a standard set by the British standards institution. That covers engineering drawings, product specifications and CAD drawings. It sets guidelines on how to properly create and interpret engineering drawings. It covers dimensions, tolerances, surface type and symbols. Which allows engineers to easily interpret documentation allowing for more efficiency and fewer errors. It also closely resembles the international iso standard ISO 128 allowing for worldwide interpretation. (bsi, no date)



1. [bookmark: _Toc194702307]Specification


	Time 
	9 months for design, build, prototyping, testing and insulation in all of the customers locations

	Target Market 
	In house project for a number of anodising tanks across a number of different sites

	Function 
	The cover must securely seal the tank when not in use, preventing contamination and reducing safety risks. 

	Design constraints 
	The tank dimensions and material must remain unchanged but is allowed to be modified to accommodate the changes made to the lid. Modifications to the cover design are allowed. Design must allow clearance above the tank for lifting operations.

	Size 
	The cover must fit on top of the tank that has the following dimensions L: 1770mm, W: 1020mm, H: 20mm  

	Aesthetics (looks) 
	 All though aesthetics is not a key priority. The cover should match the industrial setting, look professional, clean, and corrosion resistant.

	Durability 
	Must withstand constant exposure to sulfuric acid (30%) and 25°C temperature and require minimal maintenance and last between 5 – 6 years.

	Materials  
	Must be durable and resistant to sulphuric acid 30% 

	Safety 
	- Designed to eliminate manual handling risks (lifting strains, accidents). 
- Must not introduce new hazards such as sharp edges, unstable mechanisms.


	Cost 
	Target of <£5000 for delivery, installation and testing of first unit, unit cost of <£200 thereafter.

	Environmental Issues 
	The design should minimize waste materials and be fully recyclable, following sustainability guidelines. All waste should be disposed of responsibly 
No use of hazardous materials 

	Manufacture 
	The solution should be easy to fabricate, using standard industrial processes (cutting, welding, forming). It must be consistent across multiple locations.


	
	






[bookmark: _Toc194702308]Time plan
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[bookmark: _Toc194702348]Figure 1Gnatt chart showing time plan for project










[bookmark: _Toc194702309]Research
[bookmark: _Toc194702310]Materials used for anodising tanks
Looking at existing anodising tank solutions There are several different materials used in anodising tank manufacturing. They are chosen based on their resistive properties against acids and other chemical solutions. Their ability to withstand a range of temperatures and their ease of manufacturability, allowing them to be customised for each customer’s specific needs. According to (Professional plastics, 2025) the most commonly used materials are Polypropylene, PVC, Corzan CPVC, Kynar PVDF, and Teflon PTFE. 








[bookmark: _Toc194702311]Material consideration
[bookmark: _Toc194702312]Sulphuric acid resistance vs density
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[bookmark: _Toc194702349]Figure 2 Density vs 70% sulphuric acid
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[bookmark: _Toc194702350]Figure 3Density vs 10% sulphuric acid
The graph in figure 2 Plots material density vs its resistance against (70%) sulphuric acid. It shows stainless steel to suitable for limited use with 70% sulphuric acid. Although the acid being used in the adonisation process is only 30% concentrated. The graph in figure 3 shows stainless steels resistance to 10% sulphuric acid. Its is at the lower end of acceptable for use. Which suggests that even at 30% concentration it would only to able to be used for limited use. This implies that the service life of the current tank and lid would be limited. Requiring it to be replace every few years. One of the main issues highlighted in the client’s brief is the weight of the stainless-steel lid currently being used. As shown in figures 2 and 3 stainless steel has an average density of 7,800 Kg/m3.
Following the research into existing anodising tank materials most are currently being manufactured using polypropylene and poly vinyl chloride (pvc). As shown in figure 2 both polypropylene and pvc have excellent resistivity against sulphuric acid at both 70 and 30% concentrations, making them a preferred material to use for the lid. Whilst both have a significantly lower density than stainless steel, with a density of 900 Kg/m3 and  1,300 kg/m3 respectively. 212




[bookmark: _Toc194702313]Price vs Maximum service temperature
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[bookmark: _Toc194702351]Figure 4 Graph showing maximum service temperature vs price per Kg
The service temperature of a material is the maximum temperature it can continuously withstand without change to its mechanical and physical properties. Which is an important property to consider for material operate in high temperature environments.  (Lugaresi et al., 2022)

Out of the three materials highlighted in figure 4 stainless steel has the highest average maximum service temperature with 691 oc. Making it more than suitable material to withstand the temperatures used during the anodising process. How ever its cost per kilogram is significantly higher than both polypropylene and pvc. The best all round material looks to be polypropylene with an average cost per kilogram of £1.12 and an average maximum service temperature of 74.9oc. Although this is lower than stainless steel it is still well above the 25oc need for the anodising process. Meaning polypropylene is safe to use for long periods of time in these conditions, whilst also ensuring prolonged service life without the need to be replaced often.  

[bookmark: _Toc194702314]Hinges and support mechanisms 
There is a wide variety of hinges and lifting aids to choose from when working on this task. Butt hinges are the most common type of hinge, often used on doors and cabinets. They consist of two flat plates that are connected using a pin allowing them to open and close freely. They can incorporate different types of bearings depending on their application and can be fitted with springs allowing them too close automatically. 
Secondly, piano hinges, also known as continuous hinges, are longer hinges that better distribute the mass of the door across its whole length, giving them improved durability over butt hinges, making them more suitable for larger and industrial applications. 
Lastly, strap hinges are long, sturdy hinges that are an excellent source of support for large or heavy doors. They consist of one or two long plates which allows weight to be distributed over large surface areas, ensuring strong and stable movement. These hinges can also be highly decorative which would help improve the aesthetics if chosen in this design, however, aesthetics is not the main concern within this project. 182

[bookmark: _Toc194702315]Gas struts
In addition to providing smooth and quiet operation, Gas Struts are compact and do not require a lot of space for them to be installed, as well as being able to be used in both complex designs as well as very simple designs. It should also be noted that they can be cost-effective, although the amount varies from case to case. 61

[bookmark: _Toc194702316]Annotated sketches
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[bookmark: _Toc194702317]CAD model
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[bookmark: _Toc194702352]Figure 5 Final cad assembly
[bookmark: _Toc194702318]Manufacturing processes for each component
[bookmark: _Toc194702319]Lid 
As the lid from polypropylene there are many ways in which it could be constructed. The easiest and most cost affect would be to buy the polypropylene in raw form as a flat sheet and cut to size using either a co2 Lazer or jigsaw. The outer pieces of the lid could then be fused to the main panel using plastic welding or alternatively bonded using a two part epoxy. The mounting holes for the gas struts could then be measured and drilled.  83
[bookmark: _Toc194702320]Gas struts
To construct the gas struts the cylinder and the piston would have to be accurately machined using a cnc machine and filled with gas to a high pressure depending on load needed to be lifted. However, it would be more time and cost affective to buy in an off the shelf product. 52
[bookmark: _Toc194702321]Hinges 
Hinges are manufactured through a multi-step process that starts with cutting the raw material into the required shapes using machines like lasers or stamp machines. The hinge plates, also known as leaves, are then formed and shaped using press brakes or stamping machines. The knuckle is created by curling the edges of the plates, and a metal pin is inserted. Finally surface treatments such as zinc plating, powder coating, or polishing are added to enhance durability and appearance.(D & D Hardware, 2024) 

[bookmark: _Toc194702322]Design justification 
The final design resolves all the drawback of client has with there current lid system in regard to safety and usability. The decision to use polypropylene as the main material was due to its high chemical resistance to sulfuric acid, and it being significantly lighter weight compared to stainless steel. This choice directly reduces the risk of manual handling injuries and allows for easier, safer operation by a single user. The introduction of gas struts and hinges mechanism ensures smooth operation, eliminating sudden or uncontrolled drops and reducing physical strain during use. The design also complies with safety regulations by providing mechanical assistance, lowering the need for excessive manual force. Whilst the simplistic design ensures that in can be quickly and efficiently rolled out to the client’s other sites. 
.
[bookmark: _Toc194702323]Conclusion 
Following the clients concern regarding their existing anodising tank lid being to heavy and unable to be removed safely by one A design solution has been proposed. This solution incorporates the use of polypropylene as a replacement for stainless steel, significantly reducing the overall weight of the lid while maintaining excellent resistance to sulfuric acid. The addition of gas struts and hinges further improves the lid’s ease of operation, allowing it to be safely and efficiently operated by a single user in compliance with key health and safety regulations. The design meets all functional, safety, and durability requirements. Whilst the simple design allows for a fast and simple install that can easily be rolled out across the client’s other facilities. 


[bookmark: _Toc194702324]further work
While the design meets all the criteria set out in the client’s brief. several improvements could be made for example. Developing a physical prototype that the client could trial and provide feedback on before the product goes into to production which will allow for further refinement based on real-world feedback, particularly ease of operation and practicality. Additional safety features, including locking mechanisms could further reduce health and safety risks. Finally, a full lifecycle test could ensure the design remains operationally efficient in the long term.
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