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Abstract
This report focuses on the design of a safer solution for anodisation tank lids used in an automotive manufacturing environment. The current lid requires a two-person lift, which presents a manual handling risk and increases the chance of injury or exposure to sulphuric acid. The project aimed to develop a design that could be operated by a single person while keeping the existing tank dimensions, materials and full vertical access needed for the anodising process.
Relevant health and safety legislation, including the Health and Safety at Work Act, MHOR, COSHH, PUWER and BS8888, was reviewed to help inform the design requirements. A design specification and timing plan were created, followed by research into existing industrial solutions and suitable materials. Three design concepts were produced and compared using a decision matrix. A hinged lid with gas struts was chosen as the final design as it reduces the lifting effort required by the operator and is simple and cost-effective to manufacture in low volumes.
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[bookmark: _Toc220851649]Introduction
This report follows a project to find a solution for an engineering problem faced by a production company and their anodisation tanks. As seen in Figure 1, the current tank design is insufficient for the environment and current-day health and safety legislation, with a 2-man lift required to remove the heavy lid and no guidance on placement to ensure its correct. For this reason, it has been flagged as a health and safety risk, and a solution must be found while ensuring the following characteristics are met: -
· Must be safe to operate.
· Dimensions of the tank must remain the same.
· A full coverage lid 
· Full vertical access to the tank
· Tank material must stay the same.
· The proposed design must be operable by one operator.
· Ability to manufacture the new design in the low hundreds.
· Ideally, a self-positioning lid to ensure no misplacement.
The design will be implemented at many stations in the proposed production facility, and at many other original equipment manufacturers (OEMs). Therefore, they must be possible to manufacture and implement in the low hundreds of volumes. 
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[bookmark: _Toc220832463]Figure 1:Anodisation Tank


[bookmark: _Toc220851650]Legislative Considerations
During design, manufacturing and implementation, multiple policies concerning health and safety and engineering discipline should be considered. Due to the nature of the issue regarding this project being a health and safety concern, the Health and Safety at Work Act 1974 (Health and Safety Executive, 1974) should be heavily referenced, as well as the Manual Handling Operations Regulations 1992 (Health and Safety Executive, 1992), PUWER 1998 (Health and Safety Executive, 1998), COSHH regarding chemical safety (Health and Safety Executive, 2002) and BS8888 (British Standards Institution, 2020) during the design and manufacturing stages of the project. As well as using the above references to ensure the work is completed correctly, it's also important that all engineers act with integrity at all times and follow the IMechE Code of Conduct guidelines to ensure all work meets legislative requirements and is of the highest quality and standard, as stated by IMechE (Institue of Mechanical Engineers, 2021). 

[bookmark: _Toc220851651]Specification
[bookmark: _Toc220832478][bookmark: _Toc220832494]Table 1:Specification Table
	Specification Table
	Requirement
	Justification

	Function
	A full cover for anodization tank
	Prevents accidental exposure to sulphuric acid and ensures it complies with Health & Safety

	Operation
	Operable by one person, with enough vertical clearance to lift parts
	Currently needs two people to operate, flagged as a manual handling risk 

	Ergonomics
	Ensure controlled movement, maximum weight that aligns with health and safety regulations
	In line with HSE guidance, reduce injury, ensure good operation

	Material
	Must be resistant to 30% sulphuric acid at 25 °C and durable to be used in an industrial environment
	Preventing corrosion, material degradation, and ensuring it aligns with COSHH

	Manufacturing
	Must be suitable to be manufactured in the low hundreds of units
	Suitable manufacturing method to ensure low cost 

	Cost
	Ensure the solution minimises additional upfront and ongoing costs while improving safety
	The number of installations can cause costs to increase significantly; also, consider maintenance costs

	Standards
	Ensure the product is designed and complies with BS8888 
	Required for consistency, professionalism and standards




[bookmark: _Toc220851652]Timing Plan
[bookmark: _Toc220832479][bookmark: _Toc220832495]Table 2:Gantt  Chart
	Task
	 1
	 2
	 3
	 4
	 5
	 6
	 7
	 8
	 9
	 10
	 11
	 12

	Interpretation of the brief
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Research (legislation, materials, existing solutions)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Design specification
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sketches and ideas
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Evaluation and selection
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CAD modelling
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Final Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Technical Drawings
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Manufacturing process selection
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Prototyping
	
	
	
	
	
	
	
	
	
	
	
	

	Material and parts procurement
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Parts manufacturing starts
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Installation
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



This 12-week timing plan gives a realistic timeline for completing tasks without taking away from the urgency of the project. This allows the engineer enough time to ensure everything is to the correct standard and follows important regulation before moving onto the procurement of the parts for the installation. Due to the low volume of parts needed a short period for manufacturing is suitable ready for installation of the first tanks upgraded lid in week twelve. The Gantt chart allows the engineers to ensure they are on time for expectations from management and customers for the products to be delivered on time.
 

[bookmark: _Toc220851653]Research
The biggest issue involving the current design of the anodisation tank is the Health and Safety concern regarding the lifting and moving of the lid. Given the size and material of the lid, it is estimated that it could weigh up to 80kg, which is much higher than the guide weight from the Health and Safety Executive shown in Figure 1. A great concern with the process is the use of hazardous substances, which in this case is sulphuric acid. A datasheet from (Anderson, 2016) states that 30% sulphuric acid will cause harm by inhalation, contact with skin, serious eye damage, and damage to metals. It is therefore crucial that the tank design fully encloses the tank when not in use, is built out of a suitable material that will not be subject to corrosion and ensures minimal contact between the operator and the vicinity of the tank. 
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[bookmark: _Toc220832464]Figure 2:Lifting and Lowering Risk Filter (Health and Safety Executive, 1974)
What's currently common use for dipping tanks in industry is a roller shutter-type door, typically manufactured out of a polymer for weight and cost (Figure 2). Although a design like this would be possible with stainless steel, it would be a lot more difficult due to the mechanical properties and higher costs associated with this design. Other designs for improvements could include a hinge and gas strut design, a counterweight and pulley system or a motor-driven design.
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[bookmark: _Toc220832465]Figure 3:Dynatect ChemTank Cover

[bookmark: _Toc220851654]Designs
[bookmark: _Toc220851655]Concept 1
This is the first concept design for an improved tank. It includes a lid split in two with a rail attached to both sides of the tank and rollers attached to the lid in 2 places. The idea behind this concept is that the lifting concerns have been completely removed, and the only manual labour needed by the operator is to slide the lids on the rail. This significantly reduces work for the operator and doesn’t require the operator to position the lid perfectly each time, as the rails are self-locating. It also still allows complete access to the tank from above, as the lids protrude completely out of the side of the tank. On the other hand, the footprint of the tank has now effectively doubled with the rails. As well as this, the rails could be a hazard themselves, being uncovered and unprotected on the tank. This design also requires quite a few parts to be manufactured, increasing the costs of the overall project. 
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[bookmark: _Toc220832466]Figure 4:Concept 1 Design (Gallagher, Acid Tank Rail Design, 2026)
[bookmark: _Toc220851656]Concept 2
The second concept follows the typical roller shutter design. Due to the need for stainless steel for its anti-corrosive properties, a standard shutter will not work, and therefore, one as seen below in Figure 2 would be better suited. This design removes any lifting from the operator and possibly any manual work at all, with the option to include a motor in the roller. It also allows full access from above as required without changing the footprint of the tank too much, aside from the roller housing. The biggest downside to this design is the costs incurred to manufacture and maintain. With there being multiple parts, the manufacturing costs will be great, and with a more complicated design and a lot of wear and movement on the parts, the maintenance costs will be higher. 
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[bookmark: _Toc220832467]Figure 5:Concept 2 Design (Gallagher, Acid Tank Roller Shutter Design, 2026)
[bookmark: _Toc220851657]Concept 3
Concept 3 is the simplest design, including 2 hinges on either side of the tank at the rear of each lid and 2 gas struts per lid to assist with lifting. This design alleviates lifting work on the operator with the support of the gas struts, ensuring full vertical access to the tank as the lids have a rotating freedom of 90°. It also doesn’t increase the footprint of the tank whatsoever, therefore not affecting any of the processes or current fixtures surrounding it that may be in place. This design also includes the fewest number of parts, meaning low costs. This design also allows for universally standard fixings to be used across all required joints on the design. 
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[bookmark: _Toc220832468]Figure 6:Concept 3 Design (Gallagher, Acid Tank Hinge Lid Design, 2026)
[bookmark: _Toc220851658]Selection
A weighted decision matrix was used to select the most appropriate design choice. This ensures the decision is made objectively and includes all aspects of the customer brief. A weight factor from 1-5 was used, giving the most crucial factors a weight of 5 and the least important a weight of 1. The scoring used was 1-3, and the weight would multiply the score to give a total for that scoring criteria. As you can see from the matrix, Concept 1 fell far behind in scoring due to the lack of complexity in the changes, meaning the health and safety factors partly stayed present, and the cost and ergonomic benefits were not great. Concepts 2 and 3 scored much higher, with only one point separating the two. Although concept 2 had the highest health and safety rating, which is the biggest factor on this project, the difference in cost to implement and maintain concept 2 over concept 3 was unjustifiable. Therefore, concept 3 was the best choice to ensure the brief was met and to keep the project affordable. 
[bookmark: _Toc220832480][bookmark: _Toc220832496]Table 3: Decision Matrix
	Criteria
	Weight
	Concept 1
	Concept 2
	Concept 3

	Feasibility
	1
	2 – 2
	1 – 1
	3 – 3

	Cost
	4
	2 – 8
	1 – 4
	3 – 12

	Ergonomics
	3
	1 – 3
	3 – 9
	2 – 6

	Reliability
	2
	1 – 2
	3 – 6
	2 – 4

	Safety and Risk
	5
	1 – 5
	3 – 15
	2 – 10

	Footprint
	1
	1 - 1
	2 - 2
	3 - 3

	Total
	
	21
	37
	38





[bookmark: _Toc220851659]CAD
The images below show the function of the final design. As you can see, the gas struts support the lid with the gas strut placed in line with the centre of gravity of the lid to utilise the most force when lifting. They also allow over 90° of freedom for the lids to rotate, allowing complete vertical access. The hinge is secured with 4 nuts and bolts, placed out of the way of the acid limit, which fills the tank up to 800mm high. They would have to be stainless steel too to ensure they comply with COSHH. The handles are fixed on either side with a built-in threaded end and secured on the inside with a nut. These design choices allow for easy maintenance and changes in future. All holes and fixings are designed with standard universal sizing to ensure they’re cheap to procure and future proof. 
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[bookmark: _Toc220832469]Figure 7:Final Design CAD a (Gallagher, Final Design CAD, 2026)
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[bookmark: _Toc220832470]Figure 8:Final Design CAD b (Gallagher, Final Design CAD, 2026)
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[bookmark: _Toc220832471]Figure 9:Final Design CAD c (Gallagher, Final Design CAD, 2026)


[bookmark: _Toc220851660]Drawings
Note: All drawings to First Angle Projection
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[bookmark: _Toc220832472]Figure 10:Acid Box 1 Bracket Final Drawing  (Gallagher, Acid Box 1 Bracket, 2026)
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[bookmark: _Toc220832473]Figure 11:Acid Box 1 Lid Final (Gallagher, Acid Box 1 Lid, 2026)
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[bookmark: _Toc220832474]Figure 12:Acid Box 1 Handle Final (Gallagher, Acid Box 1 Handle, 2026)
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[bookmark: _Toc220832475]Figure 13:Acid Box 1 Current Tank With Modification (Gallagher, Acid Box 1 Tank, 2026)
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[bookmark: _Toc220832476]Figure 14:Acid Box Idea 1 Full Assembly (Gallagher, Acid Box 1 Full Assembly, 2026)
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[bookmark: _Toc220832477]Figure 15:Acid Box Idea 1 Full Assembly BOM (Gallagher, Acid Box 1 BOM, 2026)


[bookmark: _Toc220851661]Manufacturing Process
Various manufacturing methods would be appropriate for the parts required for this design, given their simple construction. CNC milling or laser cutting would be great considerations for the hinge due to their low-volume production characteristics, low upfront costs (no tooling), and high tolerances (Fractory, 2020). Laser cutting would be a suitable method for lid manufacturing, either by splitting the current lid in two or by starting with a new scratch piece of stainless steel. This would require some post-processing due to the holes needed for the gas struts and handles. The lid would also require an additional 40mm rectangular strip of stainless steel welded to the rear to provide the overhang needed for the hinge operation. Hot rolling would be an appropriate method for this part due to its simple rectangular shape, volume requirement and the lack of high tolerance needed (Tanfield, 2024). A pin would also be welded onto either side of the extension for the hinge operation. Ideally, the handles and pins would be manufactured through spin turning, a method of fitting a block of metal to a lathe and removing material until the desired shape is achieved. Due to the straightforward design of both, they would be very quick to manufacture. It also suits spin turning due to the low volume of parts needed (3ERP, n.d.). 


[bookmark: _Toc220851662]  Justification
The hinged lid with integrated gas struts was selected for its reduction in manual handling risk without significantly increasing cost, and for suitability for volumes in the low hundreds. The hinge design enables the second operator to be eliminated, while also alleviating the force required to lift from the operator through the support of the gas struts, which also brings it into the acceptable ergonomic limits defined by MHOR. The gas struts provide a stable, controlled lifting motion, preventing sudden movements of the lid that could cause accidents or splashing of the acid, and could reduce the lifting force by 375N with the correct gas struts installed. Gas struts also have a great life expectancy, with some rated for up to 200,000 cycles, meaning minimal maintenance throughout their life (Camloc, 2023).  Also being supplied in stainless steel, meaning they follow the COSHH health and safety regulations and ensure longer-lasting use. 
From the cost perspective, there is little change in the original structure and the surrounding environment. Aside from the holes for the brackets, there are no changes to the tank. The lid can also be split into two, utilising all available material. Laser cutting is ideal for the brackets due to the anticipated production volume and geometric and tolerance requirements. Metal turning for the studs, pins and handles is ideal due to their cylindrical shape and volume requirements. This design is also future proof, with the ability to change out parts easily for maintenance and the low cost to procure the parts in the first place due to the commercially available methods. The uncomplicated design also doesn’t limit the ability for future improvement, such as automation, with automated gas struts or hydraulics being readily available to suit this design. 

[bookmark: _Toc220851663]  Conclusion
Through a structured and disciplined engineering process, this project has addressed all health and safety concerns associated with the original design while meeting the client's brief and ensuring low upfront and ongoing costs. Many design ideas were created, including rail-mounted lids, roller shutter door and gas strut design and a decision matrix was used to select the most appropriate design. It was imperative to reference relevant health and safety documents during the design phase of this project due to the hazardous aspects associated with it. Regulations such as MHOR, COSHH and PUWER were heavily referenced. The final design selected included a hinge lid with supporting gas struts to ensure it met the client's brief of alleviating operator workload while keeping full vertical access. The materials selected align with COSHH, ensuring they’re corrosion-resistant due to the chemicals present in the operation. 
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