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1. [bookmark: _Toc195307321]Introduction
1.1 [bookmark: _Toc195307322]Background and Context
Anodization, a process capable of creating highly dense, well-organized nanostructured materials over large areas, was developed based on work by H. Masuda and K. Fukada in 1995. This process is used in the automotive industry, notably to enhance the corrosion protection of brake callipers. While anodization is essential for the corrosion resistance of aluminium-silicon alloys in high-end brake callipers, it’s challenging due to silicon precipitates that cause uneven coating layers.
The current problem with the lid of the tank is that it is too heavy for single-person operation and presents a safety hazard, as outlined by the client and in the brief. The aim of this brief is to design alternative lid solutions for the sulphuric acid tank, adhering to the client’s brief and relevant health and safety regulations. 
In preparation of this assignment, generative AI was used for proofreading this report.
1.2 [bookmark: _Toc195307323]Interpretation of client brief
Some key requirements of the brief are:
· The newly proposed design must be safe to operate by a singular person
· Tank dimensions and material remain the same
· Modifications to the lid are allowed
· There must be ample clearance for parts


2. [bookmark: _Toc195307324]Research
2.1 [bookmark: _Toc195307325]Relevant Legislation
The 1992 HSE Manual Handling Regulations legally require employers to protect workers from manual handling injuries. Risk assessments and actions to reduce risks are mandatory, with the priority being to avoid hazardous manual handling. If unavoidable, a sufficient risk assessment is required, and remaining risks must be minimized. Safe lifting guidance emphasizes that training online alone is insufficient for safety.
COSHH Regulations require employers to assess sulphuric acid handling health risks, preventing prolonged exposure to harmful fumes through monitoring and health surveillance. The Hazardous Waste Regulations govern environmental factors.
2.2 [bookmark: _Toc195307326]Specifications
[image: ]
[bookmark: _Toc195307341]Figure 1: Diagram of an Anodizing Treatment Tank with a Removable Lid.
The key specifications from the client brief are:
· The tank’s dimensions and material must remain the same [implying the lid will be made from 5mm thick stainless steel]
· The dimensions for the cover are 1770mm in length, 1020mm in width, and 20mm in height
The new design must meet the following requirements:
· The new design must be safe to operate, complying with manual handling regulations
· This new design must be operable by a single person
· It must have enough clearance from above to allow aluminium parts to be lowered into the tank
Additional specifications include durability and cost-effectiveness.
2.3 [bookmark: _Toc195307327]Existing Solutions and Relevant Technologies
[image: Hinge Heavy-duty Hinge AL 90 Aluminum Die Cast 40 / 40 - 68 x 96 mm]
[bookmark: _Toc195307342]Figure 2: Industrial Aluminium Die Cast Hinge
Applications like these use various hinges, from piano to spring hinges, though stainless steel spring-assisted hinges appear most ergonomic with screws being the typical fastener. Choosing corrosion-resistant materials requires considering both material properties and manufacturing, matching them to the application. Aerospace uses titanium, tungsten, and carbon fibre for strength, lightness, and flexibility, but other uses need different materials:
· Stainless steel: Valued for corrosion resistance, ductility, and strength. Chromium forms a protective oxide layer, preventing corrosion. It suits high-temperature uses but is costly and hard to process.
· Aluminium: Non-toxic, recyclable, with a high strength-to-weight ratio and good thermal/electrical conductivity. Natural corrosion resistance makes it useful in aerospace, automotive, and marine for its affordability.
· Polypropylene: Highly corrosion-resistant thermoplastic is also resistant to high pressure, but is limited to specific use due to its flammability.
· 

3. [bookmark: _Toc195307328]Methodology
3.1 [bookmark: _Toc195307329]Design Concept Development and CAD Modelling
During most of the process, I was constantly brainstorming ideas and taking inspiration from many different things like a garage door or a simple Tupperware box. The best inspiration I had was of a rolling top desk in my own possession. Taking the mechanism of the tracks and slat design of the lid and implementing that onto the tank was the tricky part. The initial concepts were mostly creative with only Idea 2 [Figure 3] and Idea 3 [Figure 4] being the more practical solutions presented.
The CAD software that was used was Solidworks and with prior experience with the software, it was easy to create a 3D model of the final design chosen. The final design chosen would be idea 3 as it was the most cost-effective out of all 3 ideas.
3.2 [bookmark: _Toc195307330]Manufacturing Processes
Instead of manufacturing hinges, it would be easier to procure them instead. With this, a selection process is crucial. Choosing a hinge based on the material, type, load rating and corrosion resistance is needed for this sort of application. A good choice would be stainless steel butt hinges as they are relatively inexpensive, available in various sizes and stainless steel provides excellent corrosion resistance. Another good choice would be stainless steel spring-assisted hinges as they reduce the effort needed to open the lid which improves the ergonomics and safety as well as helping the lid stay in the open position.


4. [bookmark: _Toc195307331]Results
4.1 [bookmark: _Toc195307332]Annotated Sketches of Design Concepts
[image: ]
[bookmark: _Toc195307343]Figure 3: Lid idea 1
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[bookmark: _Toc195307344]Figure 4: Lid idea 2
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[bookmark: _Toc195307345]Figure 5: Lid idea 3
The first idea, inspired by antique rolling top desks, used a rolling mechanism. The challenge was space-efficient track placement for slats, eventually solved by retracting them along the tank. Downsides include the cost of track instillation and fitting the framework without the lid.
The second idea was a two-part lid for safe, single person lifting (HSE Manual Handling Regulations compliant). However, this requires a tight seal to prevent fume/acid escape, and improper placement risks the lid falling into the tank.
The final idea hinged the lid and reduced stainless steel weight, with chains to limit backward movement. The downside us the added cost of the hinges and corrosion resistant chains.
4.2 [bookmark: _Toc195307333]CAD Model of the Final Design
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[bookmark: _Toc195307346]Figure 6: Top view of lid design
 [image: ]
[bookmark: _Toc195307347]Figure 7: Front view of lid design
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[bookmark: _Toc195307348]Figure 8: Bottom view of lid design
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[bookmark: _Toc195307349]Figure 9: Side view of lid design
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[bookmark: _Toc195307350]Figure 10: 3D CAD Model of the redesigned Anodizing Tank Lid [Top]
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[bookmark: _Toc195307351]Figure 11: 3D CAD Model of the redesigned Anodizing Tank Lid [Bottom]
The redesigned lid dimensions are 1790mm in length, 1050mm wide, and 5mm thick. These dimensions are like the previous design but with this lid being slightly bigger to sit better onto the tank with a better seal to disallow any fumes to escape the tank that could be harmful to anyone or anything around it. The cutout of material on the top of the design is to further reduce weight on the design to make it easier for one person to operate. It also allows ample clearance for the aluminium parts to be lowered into the tank.


5. [bookmark: _Toc195307334]Analysis
5.1 [bookmark: _Toc195307335]Justification for Design Choices and Manufacturing Process Analysis
The reasoning for choosing the final design was based on several factors. The problems of the predecessor of this design were too heavy to be operated by one person and posed a health and safety concern for the employees. The proposed solution reduces that risk by adding spring-assisted stainless steel hinges on the tank and adding two chains on the sides to help keep the lid from opening too far back. The hinges were chosen as a cost-effective option and that was made more cost effective by choosing to procure the hinges instead of manufacturing them in house.
To reduce the weight of the lid further to make it easier to lift, sections of the lid was cut out, as shown in figure 10 and 11, to reduce the weight and contribute to the client requirement of being safer to operate by a single person. Before this was decided, the lid’s structure integrity was considered and the pattern chosen to prevent warping and bending of the metal.

6. [bookmark: _Toc195307336]Conclusion
6.1 [bookmark: _Toc195307337]Discussion of Results
The redesigned lid satisfies the brief’s requirements by using hinges to address safety and enable single-person operation, replacing the hazardous two-person lift. Weight reduction via cut-outs further enhances safety. Tank dimensions are largely unchanged, needing only minor hinge modifications, and clearance for parts is maintained. However, limitations exist: cut-outs may trap debris, increasing cleaning needs, and hinges require periodic maintenance. Accurate manufacturing and installation are crucial for correct alignment and weight distribution.
6.2 [bookmark: _Toc195307338] Conclusion
In summary, this project delivered a safer and more ergonomic tank lid. The redesigned hinged, lightweight design is a clear improvement over the original. The unsafe two-person lifting issue is effectively solved by the new lid, promoting a safer work environment and greater operational efficiency through single-operator use.
6.3 [bookmark: _Toc195307339] Further Work
A gas spring could be added to simplify lifting, and alternative lightweight lid materials explored. An automated locking system could also improve safety. Further work should assess the chemical environment’s impact on hinge durability, optimize the cut-out pattern via stress analysis, and evaluate usability through user trials.
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