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Introduction 
The aim of this report is to explore and evaluate potential designs for a new removable cover for an anodisation tank and to select the most suitable solution. The tank dimensions will remain unchanged, but alternative lid designs and operating methods will be investigated, with a strong emphasis on safety and ease of use. Several design concepts will be developed and compared, supported by annotated sketches, before a final design is modelled using CAD. The report will justify the chosen design with reference to material selection, manufacturing processes, a proposed time plan, and relevant research informing each design decision.


















Key legislation considerations
While designing a new removable cover for an anodization tank consideration needs to be taken with compliance to several pieces of UK health, safety and engineering legislation
· Health and safety at work act 1974 (HSWA) GOV.UK (1974). (GOV.UK, 1974)
This act places a legal duty on employers to ensure health, safety and welfare of employees. Looking at the tank lid the design must minimise risks associated with manual handling especially as this is one of the reasons a change is required. The new design will aim to reduce lifting strain, prevent accidental contact with sulphuric acid and support single person operation.

· Manual handling operations regulations 1992 (MHOR) Health and Safety Executive (2021). Manual handling. (Health and Safety Executive, 2021)
As the current two person lift has been identified as a safety risk this legislation directly supports the need for a lighter, easier to manoeuvre lid. Or potentially a mechanism that eliminates heavy lifting altogether.


· Control and substances hazardous to health (COSHH) 2002 Health and Safety Executive (2019). (Health and Safety Executive, 2019)
Due to the tank containing 30% sulfuric acid we need COSHH requires that exposure is prevented or adequately controlled. Therefore the new lid design must safely cover the tank and minimise any contact, splashes or fumes that workers could be exposed to.
· Provision and use of work equipment regulations 1998 (PUWER) HSE (2024). (HSE, 2024)
Taking into account PUWER the new design must be safe for it’s intended purpose and repeated use. Also any mechanical mechanism used a new design would have to comply with PUWER regulations.
· BS EN ISO 12100 – Safety of machinery Hse.gov.uk. (2024). British, European and International Standards - HSE. [online] Available at: https://www.hse.gov.uk/agriculture/topics/machinery/intstandards.htm.
The design for the new lid must follow hazard identification, risk analysis and protective measure in order to comply with ISO 12100.
· BS 8888 – Technical product documentation BSI. (2022). (BSI, 2022)
The new design would need to comply with this standard as the design is made using engineering drawings. Compliance to this standard needs to be met for accurate manufacturing and quality control.












     





 Specification
The redesigned lid must comply with all the relevant safety requirements discussed while significantly reducing the manual handling demands the operators currently face. The dimensions of the tank need to stay the same but modifications need to stay the same allowing for clearance from above for the aluminium parts to be lowered into the tank. The new design should enable safe single person use, minimise lifting effort and reduce the risk of incorrect placement or accidental contact with the sulphuric acid solution.


















Time plan
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This Gantt chart illustrates the planned timeline for the new anodising tank lid. The project plan follows a structured approach through the stages of product design ensuring each stage is reviewed before the next stage begins. Initially I’ll concentrate on researching new designs giving myself enough time before starting on the sketches and CAD modelling. At this stage the design will be refined and evaluated against the design spec. Technical drawings will the be create in order to provide the detail for the manufacturing of prototype stage. This will then be followed by factory trials and acceptance to verify the ease of operation of the new lif under real life conditions. 
Once the product is successfully validated the product can be batch manufactured for use across all tanks on site. The final report and analysis can then worked on to ensure the decisions, outcomes and performance of the new lid are fully documented. The timeline can be adjusted slightly to suit but I believe offers a realistic and structured approach to designing a new lid.






Research
There are numerous different design features for tank lids that are currently used to contain acid. They vary between integrated, fitted or floating covers where designs focus on safety while adapting to the particular use of the tank and how a product needs to get in and out of the container (Unitedanodisers.com, 2025)
For my research I’m focusing on designs that can be manoeuvred or operated by 1 person. Also bearing in mind that clearance from above is required to allow the aluminium parts to be lowered into the tank.
Lid design
The lid design and material choice will be critical in the new design as our main aim is to reduce the manual handling and make the process safer. This means that either a lid will need to be made of lighter material while having the same corrosion resistance as the current lids, or the lid design and mechanism will have to be changed, or a combination of both.
Hinged lids – a hinged lid that opens and closes like a door is one potential option. To reduce manual handling the lid would either then need to be made from a lighter material or gas struts so the door feels light. (Spinning, 2019)
Split lid – another potential design to reduce weight would be to split the lid in two so it’s made up of two lighter panels instead of one. This would reduce weight and would be suitable for one person however would require two movements to fit the lid.
Sliding lid – This design would involve putting the lid on rails or rollers. The lid can be opened and closed via pushing/pulling which would eliminate any lifting. Consideration would need to be given to the material of the rails/rollers as these would also need to be corrosion resistant and easy to clean. (Dynatect Manufacturing, Inc., 2024)
Material choice
For the material used for the lid the weight needs to be the main driver if still manually lifting the lid, however is using mechanism to aid the transfer then more focus could be given to chemical resistance, strength and manufacturability as the lids will need to be made in high volumes to meet demand of other units and factories. Potential material choices include stainless steel, aluminium, polypropylene and FRP which are compared in the table below. (Cleanroom.sg, 2024)
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Design concepts
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The three ideas are sketched to see roughly how each would look before further researching the design ideas and material choices. Further decision making then can take place considering cost, functionality, feasibility and safety which is ultimately one of our main drivers in this project.


Cad design
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Manufacturing processes
For the polypropylene lid the PP-H sheet could made using thermoplastic moulding then could be cut to size using CNC milling and routing using carbide tipped tools for a cleaner finish. CNC machine could cut any holes or flanges into the lid. Each section could then be joined together using extrusion welding and compressed air or water used to minimize overheating of the PP-H. This method could also be used to reinforce the underside of the lid. No paints or coatings would be applied to the lid as this may cause issues with the acid vapour, so light mechanical smoothing and deburring would be used to provide a finish. (Fabrication Guidelines for SIMONA HDPE and Polypropylene Sheet CONTENTS, n.d.)
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(www.sciencedirect.com, n.d.)
Stainless steel could be used for the lid handle and the hinge parts. Laser cutting could be used for precise cutting of the parts to our required spec and laser welding could be used to join the stainless steel parts. (OMTech, 2024)
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(Thefabricator.com, 2017)
Design choices
After evaluating the materials and associated designs the preferred choice for my design would be a polypropylene lid due to it’s low density and resistance to corrosion, particularly in environments exposed to sulphuric acid fumes. I would then use the hinge design with gas struts which compliments the material choice. The new lid would be lighter than the current stainless steel lid and also weight would be further reduced with the hinge mechanism. The hinge mechanism is fairly simple and the hinges and gas struts would be easy to replace quickly if required.
The sliding lid, while looking easiest to operate will potentially present issues in an anodising environment. The sliding mechanism using rollers and tracks can be susceptible to contamination from chemicals (Why corrosion matters, n.d.), which over time can leas to increased friction and blockages. This will mean increased maintenance and more risk of failure compared to the sliding lid design. (Engineering, 2015)
The split lid while potentially giving us the simplest solution and straightforward  manufacturing procedure does not sufficiently improve the manual handling aspect. Although each half of the lid is lighter than the current full size a single operator will still have to lift and position two separate panels, which doubles the manual handling movements per person. Therefore this design does not justify selection over more effective solutions.
After researching the design and materials the polypropylene hinged lid provides the best choice on balance when taking into account safety, reliability, maintenance and operational efficiency.

This decision making below was also used after taking all the research into account and further supports the final choice to pursue the hinged lid design.
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     Conclusion
The aim of this design report was to address a manual handling issues with the stainless steel lids that are currently being used on the anodising tanks. Using a structured approach the problem was analysed while taking into account relevant legislation and operational constraints and multiple design concepts were evaluated. The new design had to fit on the existing tank and had to improve operator safety to enable a single person operation.
After evaluating different materials and mechanisms a polypropylene (PP) hinged lid with gas strut assistance was chosen as the most suitable design choice. The material (polypropylene) was chosen due to it’s low density, chemical resistance to sulphuric acid and suitability for fabrication in chemically aggressive environments. Comparing it to the current material the polypropylene lid would create a reduction in mass compared to stainless steel which addresses the main health and safety concern raised. While adding the gas struts that work in tandem with the hinge will further reduce the manual handling and effort needed to open and close the lid. This will mean that this design would be suitable for safe and controlled single operator use.
Other design options including the two part split lid and the roller/sliding lid design but based on the research decided against. The split lid while offering the most simple solution did not sufficiently reduce the manual handling concerns and the roller lid design introduced the possibility of additional maintenance or potential problems further down the line.
Therefore taking everything into consideration the final design has appropriate material selection, realistic and established manufacturing processes and BS888 compliant documentation. This polypropylene hinged lid meets all the requirements of the design brief however further testing would be required to validate the design, and prove the performance and durability. This would include testing the prototype under real operating conditions and additional analysis like deflection testing or finite element analysis before batch processing more lids and implementing the lids across all tanks on site.
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Criteria Hinged lid Roller lid

Score Score Score
Feasibility 4 5 3
Cost 3 5 3
Efficiency 5 2 3
Reliability 4 2 3
Safety and 5 2 3

Risk
Total 17 16 15
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Overall Status: NIA

New lid design timeline

What Who | Wk1 | Wk2 | Wk3 | Wk4 | Wk5 | Wk6 | Wk7 | Wk8 | Wk9 |Wk10|Wk11|Wk12| May | June | July Comments Status

Research new designs CcM
Concept sketches CcM
CAD modelling CcM
Technical drawings CcM
Manufacture new lid prototype OEM
Factory trial and acceptance CcM
Manufacture batch of new lids to cover all tanks OEM
Final report and analysis CcM
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Pros.

Cons

[Polypropylene [Stainless steel [FrRP. TAluminium

Lighter than stainless steel Currently used on id ‘Strong and light Lighter than stainless steel
Resistance to corrosion  Very robust Good corrosion resistance Easy to fabricate
Easy to fabricate Easily moulded

Can deform if unsupported Reattively heavy even if made thinner Complex to manufacture  Would need coating to avoid corrosion
Less stiff than steel Harder to modify Heavier than FRP/Polypropelene




