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                                          Figure 1.1 Showing clients’ current design 

	
[bookmark: _Toc165550307]Introduction
This design report looks at the situation faced by the client regarding their anodising tank. It has been outlined by the client that there is a critical issue with the current design of the actual lid of the tank, highlighting a few safety concerns and complaints from staff members. Currently, the heavy stainless-steel lid needs two people to lift it off, and this creates operational inefficiencies and shows there is a risk of potential injury through the manual handling of this lid. Enough so that the safety officer on site has deemed the process a major risk to staff members. 
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Figure 1.1 Showing one example of previous designs 
Considerations and Key Legislation 
This report aims to address these challenges by designing and developing a means for this lid to be operated by a single person, enhancing productivity and minimizing hazards. The existing stainless-steel lid whilst robust and corrosion resistant, is seemingly very heavy and cumbersome. This heavy weight makes the lid impractical for single person use and increases the likelihood of workplace injuries due to this need for manual handling, affecting not only the individual but also the workflow of other colleagues. The objective here is to create a lid design that will allow for safe and efficient single-person operation whilst maintaining compatibility with the existing tank dimensions and materials. We will look to make this newly designed lid cost effective and easily replicable as there is potential scalability across other work sites. The design will retain the original dimensions of the existing tank and utilize material that meet chemical durability standards.   
The final design will prioritize user safety by using ergonomic principles to facilitate ease of handling when needing to remove. In addition, it will be effective and reliable moving forward as it will be designed closely with industry standards. 
When looking for a solution to the previously mentioned workplace design issue, it is important we keep key legislation at the forefront of our research project. One example of workplace legislation to consider is the Health and Safety at Work Act (HSWA, 1974). The new lid design must adhere to principles outlined in HSWA to reduce the risk of possible injury associated with the lifting of the lid. By implementing a system that only requires one person to operate, the risk of injury on workers will decrease and will ensure compliance with these regulations. 
Another to consider is Control of Substances Hazardous to Health (COSHH, 2002) Given that these tanks are to store 30% sulphuric acid at 25 degrees Celsius, the design must prioritize the containment of this hazardous chemical. This will include ensuring that the lid provides a secure and reliable seal to prevent any spills or vapor release. 
To ensure durability and chemical resistance, the selected materials for the lid must be non-reactive with sulphuric acid at 30% concentration which is also heated to 25 degrees Celsius. This will have to include the use of corrosion resistant materials such as high-grade metal alloys or specialized coatings that can withstand the exposure to the chemical. This material choice must align with industry standards to ensure long-term reliability and performance. 
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                                               Figure 1.2 showing a further flawed design 

1. Specification
It is important that in this project the client’s needs are met by achieving certain specifications. As previously discussed, the lid design must fully cover the tank to ensure compliance with safety standards, preventing exposure to sulphuric acid vapors and accidental contact with the tank contents and it must also, as we know, allow for single-person operation. 
Key design constraints here will include retaining the tanks material (SS304) and dimensions, while ensuring sufficient vertical clearance for hoisting aluminium parts into and out of the tank. The lid material must resist 30 % sulphuric acid, resist it at 25 degrees Celsius and maintain structural integrity over time. And finally, it must be lightweight enough to reduce manual strain. 
In this project we will look to find a solution that not only meets the requirements set out by the client but is also cost-effective and simple enough that should it need to, it can easily be replicated to use on the company’s other sites. For this it will be imperative to consider multiple materials and compare them thoroughly with each other.
1. Time plan 
It is imperative that a project of this sort has a structured and methodical approach. This will ensure the safety and robustness of the design, and that it meets all requirements. Each phase has an allocated time slot to complete the project within a suitable time frame, and to make sure it is suitable before application. 
Testing has been allocated a large slot of time as it is essential that the final design is exactly what the client is looking for. This allows room for reconsideration if, for example, the prototype lid was tested and found to be too heavy or awkward. Or if gas struts were to be used, to then check the weight is suitable for the size of strut selected. 
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1. Research and Design 
[image: 2x Car Front Bonnet Gas Strut Spring for B.M.W 6 Series Gran Turismo (G32)  2017-2023, Replacement OEM# 51237380609-27cm, Front Bonnet Lifter Support,  ...]When considering the design of the tank lid numerous ideas have sprung to mind regarding the safe manual handling of this lid. Firstly, we thought of the safest option, which would be to remove the need for the lid to be physically lifted and instead have a system with two gas struts that would be able to lift the lid and fold it to the side of the tank. This would increase the safety of the individual operating it and make it unnecessary for two people to lift it off as it is no longer an unmanageable weight for one person. However, with this comes certain constraints. For example, if this design were to be the final, then the anodising tank will only be operable from the sides that it is not being rested on. 
[image: 255mm Gas Struts for Proform Sports Lid Cover | 4x4AT]Figure 1.4 Gas strut examples 
As this would prove to be a useful function, it was decided that it was unnecessary in this case as it was too technical for the needs of the client. This system can be seen on non-industry applications such as ottoman beds and car bonnets. 
Another potential avenue was to change the material of the lid to something lighter in weight, so that it would still be operable by one person but would also retain a lot of the original design of the tank and its lid for ease of replacing and roll out. As this was already considered by the original designer, we can see that aluminium, PVC (polyvinylchloride), PP (polypropylene), and stainless steel 304 were tested for their potential, and in this case stainless steel 304 was used. 
Following this another area of consideration was to instead split the lid into two parts, thus halfing the load that would need to be lifted and make it possible for one technician to lift each part off. According to the client brief the tank is 1000m in height, for an average man this would be waist height, which is favorable in terms of manual handling as it would satisfy certain regulations. However, this would still be a considerable weight even if satisfactory to government legislation, so this application may need further thought and changes. 
In all it has been made clear that avid material selection will be a crucial part in this project, so we will compare advantages and disadvantages of each selected material. We have done with the use of (Callister, 2007) for the material selection process. 

Stainless steel 304 (SS304)
Advantages
· Good resistance to atmospheric corrosion and mild chemicals
· High strength and toughness making it durable and long lasting, also easy to machine
·  Cost effective when compared to other materials 
Disadvantages
· Significant weight, especially when compared to alternatives
· Susceptible to surface rust in acidic environments


Aluminium
Advantages 
· Aluminium is very lightweight making it easier to handle and install 
· Cost effective and generally cheaper than stainless steel 
· Good heat dissipation, which could be beneficial if thermal conductivity were to be considered 


Disadvantages 
· Susceptible to corrosion in acidic and alkaline environments. The actual product being anodised is aluminium so this will not fare well. 
· Lower strength making it less durable than stainless steel mechanical and chemical stress

Stainless steel 316 (SS316)
Advantages
· Superior corrosion resistance as it contains molybdenum, making it highly resistant to chlorides, acids and harsh environments. 
· Ease of fabrication as it is easily formed and machined 
Disadvantages 
· Weight is still an issue as it is still a heavy material. 
· Not as cost effective as other options as it is more even than SS304

High Density Polyethylene (HDPE)
Advantages
· Chemical resistance, excellent resistance to acids, making it suitable for anodising environments. 
· Far lighter in weight than stainless steel or aluminium 
· Very cost effective when compared to other options 
· Notable heat resistance properties. doesn’t begin to soften until 70 degrees 
Disadvantages 
· Softens at temperatures over 70 degrees but could potentially wear over time.
· Can degrade and become brittle with prolonged exposure to UV light, this can however be stabilized
· Less resistant to wear when compared to the other materials. 
1. Justification and Design Choices 
From analyzing the relevant advantages and disadvantages of each material we can make a fair decision when choosing our final material choice and design. During our research we calculated that the weight of the current lid is approximately 73kgs, so if this were to be halved each lid would be close to 37kgs. We decided that though the most durable and generally resistant material and design would be a split lid made of SS316, this would not be very cost effective and would also not decrease the load enough for one person to comfortably lift and remove. This led us to agree that the final design will be a split lid made from HDPE 5mm in thickness for added strength, with two handles for the ability to slide off and lift the cover. This would be lightweight enough to be easily removed, corrosion resistant and heat resistant up to 70 degrees Celsius. The model would be created via compression moulding as that would be most suitable for the application. 

During our research we found that HPDE is highly resistant to chemicals such as sulphuric acid that would be used in the bath, making it a good choice for this environment. According to  (Peacock, 2015),from Grafixplastics.com, HDPE begins to soften at 70 degrees Celsius, and will not melt until 131.8 degrees Celsius, as noted in the “Handbook of Polyethylene…” by Andrew Peacock. 
The operating temperature of the tank is far lower than these milestones, so it would be a safe decision to choose this material. HDPE is also easily moulded, very cost effective, easily replicable and very easy to mass produce should there be need. In terms of its cost, it is also cheap enough that should any damage be incurred it can simply be replaced. 
Please note that the attached CAD drawing is for one half of the total design. 
1. Conclusion 
The chosen design prioritizes practicality with the split lid configuration facilitating ease of access the anodising tank by reducing the weight of the overall lid structure and making it manageable by just one person as opposed to two. In terms of meeting the needs of the client, this design should satisfy their existing worries when it comes to the risk to staff members’ health, whilst also leaving the potential for easy mass production. This was chosen as the final design because as previously mentioned the client is possibly having the same problem across multiple sites, so a solution to their problem would be a quick turnaround model which can be created using compression moulding.  
Further work on this study could include long term analyzation and testing of the product in situ, to observe any changes in the product and if so, how long it has taken them to occur. Further to this its thermal performance may also be tested long term. As we have touched on previously, the behavior of the lid under tank vapor and UV light might highlight other areas for further refinement should this become an option. Hence why the product is cost effective enough to be easily replaced. 
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