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[bookmark: _Toc187836306]Introduction and interpretation of the brief 
In this design report it will cover the systematic process that is used by engineers to conceptualize, design, develop, and launch new products, or enhance existing ones. 
The client has asked to develop a solution that solves an issue with the removable cover on the stainless-steel tanks that they use for the anodization process. They currently require two staff members to lift the lid off which causes challenges with replacing the cover and also poses major health and safety issues. The modification must be able to be repeated in volumes in the low hundreds due to the company having dozens of these tanks. 
[bookmark: _Toc187836307]Aims 
The modification aims to solve the posed issues with the tank cover by redesigning a cover that is safe and fit for one person to operate. 
[bookmark: _Toc187836308]Objectives
To do this the tank cover must be designed to be able to operate by one person. It also must allow full overhead access to the tank, Alongside conforming to health and safety regulations. The materials and the design must be selected based on factors such as cost, durability, environmental impact and manufacturability. 









[bookmark: _Toc187836309]Key Legislation consideration  
The Health and Safety at Work Act 1974 covers key legislation that employees and employers are required to follow to protect everyone's health, safety and welfare at work. (UK Government, 1974).
Section 2(2)(a),  of the Health and Safety at Work Act, states that there must be “arrangements for ensuring, so far as is reasonably practicable, safety and absence of risks to health in connection with the use, handling, storage and transport of articles and substances;” the current design is a two-person lift and has been identified to poses health and safety issues therefore not conforming to the health and safety at work act. The modifications need to address this to align with the Health and Safety at Work Act. 
Another consideration is the Manual Handling Operations Regulations 1992 (UK Government, 2023) Regulation 4(1)(b)(i) which states that the employer must consider if the task involves these factors  “holding or manipulating loads at a distance from the trunk, unsatisfactory bodily movement or posture, especially: twisting the trunk, stooping, reaching upwards” when making the modifications to the cover these factors must be considered to align with regulations and to improve the health and safety of the cover removal process.  













[bookmark: _Toc187836310]Specification

	Time
	3 month

	Function
	The ionisation tank cover must be fully removable by one person, allowing full access to the top of the tank while fully covering the tank when not in use. 




	Design constraints 
	The dimensions of the tank must not change, and the tank must have full overhead clearance.  

	Market  
	Automotive original equipment manufacturer – to cover all sites. 

	Dimensions + materials + durability 
	The tank cover is 1770mm x 1020mm x 20mm +/-5mm, the material must be resistant to sulphuric acid and must be strong and durable for production in the low hundreds, lightweight enough for one-person operation. 

	Cost
	To manufacture 100 must be under £150,000

	Safety 

	Must comply with health and safety standards and be safe for one person to operate 

	Manufacture
	Quantities between 100 - 400 

	Testing 
	Multiple trials are on the line to spot any issues that need to be corrected. 

	Environmental considerations 

	Consider environmental impact in material choice and manufacture – ensuring to minimise environmental impact 











[bookmark: _Toc187836311]Timing plan  
The timing plan is shown in Figure 1, which outlines the expected time expected for the project to run and the break down of each element's timings. 
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[bookmark: _Toc187836312]Research 
Key considerations are involved in creating the concept designs. The research investigated current market solutions, material choices, and ergonomics considerations.
[bookmark: _Toc187836313]Current market solutions 
 (
Figure 
2
- 
Split lid system (
airflow ,
 2024)
)[image: wheel dip tanks]Looking at a similar dip tank process, one design shown in Figure 2 shows a split lid system which means that only one technician is needed to close the lid on the anodization tank, it also allows full top access to the tank for the dipping process to take place. However, even though one technician can open the cover it's still a labour-intensive process that requires the technician to open each cover section individually increasing the time and energy used. 









 (
Figure 
3
 - gas 
strut
(
FA maker, n.d.)
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Description automatically generated]Another design shown in figure 3 shows a steel tank with a gas strut lid making it easy for one person to lift up and give full access to the tank, the downside to this is If the lid may be to high for the person to reach over and pull down also potentially endangering them due to having to reach over the tank.  





[bookmark: _Toc187836314]Material choices 
The provided material testing showed the comparison of wear on four different materials polypropylene, PVC, Stainless steel and aluminium. The two materials which would be the most useful is stainless steel and aluminium.
Stainless steel 304 has great properties which include corrosion resistance, perfect for use in sulphuric acid and can be used at multiple temperatures. Its also easily workable making it useful in the creation of different applications. (thyssenkrupp Materials, 2018). Stainless steel can be recycled theoretically 100%, making it a great material choice from a sustainability point of view. Stainless steel exhibits a high degree of durability and longevity, which contributes to its reduced environmental impact. Due to its extended lifespan, stainless steel products require less frequent replacement and disposal. (British Stainless Steel Association, 2024). Stainless steel is typically more expensive than aluminium with a 5mm sheet costing around £483 p/m^2 for 5mm thick sheet (metals4u, n.d.). However, it's stronger and typically more resistant to corrosion. 
Aluminium is also a great material. Its properties include corrosion resistance, lightweight and low density making it beneficial in the use of lightweight parts. (Scamans, Birbilis and Buchheit, 2010). Similar to stainless steel, aluminium is also 100% recyclable with it losing minimal quality through the recycling process. (International Aluminium, 2024). Which makes it an equally good choice from a sustainability point of view. Aluminium costs £119.95p/m^2 for 5mm thick sheet (metals4u, 2024) which makes it significantly cheaper than stainless steel. 
[bookmark: _Toc187836315]Ergonomic considerations 
General guidelines suggest that safe lifting for loads held close to the body at waist height for men is 25kg and 16kg for women. (Lee, 2021) Using the density of 304 stainless steel at 7.85Mg/m^3 (AZO Materials, 2019)with the equation length*width*thickness*density, the current cover is roughly 69kg not including the handles and the welded lips on the cover making it potentially over safe lifting weight per person at around 35kg pp. This means the new design must limit significantly the weight of the lid to make it ergonomic for one person to lift. 




[bookmark: _Toc187836316]Design concepts 
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[bookmark: _Toc188255721]Figure 4 - Design 1
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The idea behind the design concepts is to make the lid able to open and shut with only one person, in the simplest most efficient, and cost-effective way possible.
Figure 4 shows the first concept design which the cover would open using gas struts on a hinged system to allow ease of opening by one person, with the correct tension so that when the technician closes the cover it needs minimal force. The downside is that the technician may struggle to reach the handle depending on the height and location of the handle. 
Figure 5 shows the second concept design which uses rails that the cover slides along meaning there is little force needed for the technician to open and close the lid. However, it will require heavy-duty rails that allow the lid to fully open. It also takes up the most space when in use and might not be suitable for all tanks depending on where they are located. 
Figure 6 shows the last concept which is to extend the size of the cover allowing an overhang, it would then use a pivot system to allow the technician to push down the overhang of the lid, and then once fully up the lid would lock in place with locking hinges. However this concept would require a new lid to be made costing over budget, alongside taking up space and not being the most ergonomic design possible. 













[bookmark: _Toc187836317]CAD model 
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[bookmark: _Toc187836318]Technical drawing 
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[bookmark: _Toc188255724]Figure 7 - Gas strut
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Figure 
8
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[bookmark: _Toc188255726]Figure 9 - bottom hinge
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[bookmark: _Toc188255727]Figure 10 - bracket




[bookmark: _Toc187836319]Manufacturing process 
The new concept design has 4 main additions to it, the gas strut, top and bottom hinges and bracket, shown in figures 7 – 9. 
The gas strut is made up of a piston, piston rod, single acting cylinder, end plugs and nitrogen gas. The Piston, piston rod, cylinder and end plugs are made from stainless steel. The piston is cnc milled to get the desired finish. The piston rod is cnc turned to create the cylindrical aspect to it then using cnc milling to create the head of the piston rod. The cylinder is cnc turned to create the hollow, cylindrical shape, then using cnc lathe to create o grooves in the cylinder to ensure a air tight seal. The end plug is cnc lathed to create the threaded aspect. 
The two hinges are made with stainless steel using a forging process where metal billet is placed into a die and using high pressure forms the shape of the hinge. Then using a cnc milling machine the bolt hole are drilled out. Along with the hole that runes through the knuckle of the hinge. 
The bracket made of stainless steel is made using die casting process, it is then cnc milled to form the bolt holes. 
These manufacturing processes are chosen to create ease of repeatability and quality of the components. 













[bookmark: _Toc187836320]Design Choice 
The design was chosen due to the ease of manufacturing and the cost of updating over 100 different units. The choice of design followed the concept of figure 4 with the design using gas struts that are capable of lifting a 75kg lid, this therefore prevents the single user from lifting above recommended safe lifting load. It has been designed with the intentions of being a adjustable system so that it can be calibrated to lift the correct amount and also compress with minimal force making its safe for one person use. 
Using gas struts are an affordable feature, which costs less than £100 per unit (nitrolift, 2025) and ensures the lid is safe to lift up and down. 
The choice to use stainless steel for all aspects ensure the structural rigidity of the products and the corrosion resistance. Which minimises the amount of maintenance required through out the products life cycle and increases the duration of the design, meaning cost savings in the long term. 
















[bookmark: _Toc187836321]Conclusion 
The issue that was raised was the lid on the anodization tanks required two people to lift and remove, by adding hinges and two gas struts this resolves the issue turning a two person lift in to one and limiting the health and safety risks caused by the original design. 
Further work that could be done would potential add a motorised aspect to the lid, therefor removing all potential health and safety risks posed by the use of someone having to lift and close the lid making it safer for everyone. 
Overall the design has been successful in fulfilling the clients brief. 
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