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Introduction

The client brief has entailed the given issue which is that the method of removing a treatment tank lid is unsafe and requires a new design. There are various constraints such as the size and function, but the rest can be altered to make improvements to find the most effective and safe way of operating the lid. 

 
















Specification

The design must be developed around the following limitations:
· Withstand 30% sulphuric acid concentration at a temperature of 25 Degree Celsius. 
· Safe for an individual to remove. 
· Able to be produced hundreds of times.
· Allow clearance from above the tank itself.
· Cover the top of the tank effectively.

To comply with the limitations given, the new tank cover must have a high chemical resistance to withstand the long-term effects of sulphuric acid. It needs to have a quick, easy, and effective system for it intended use of one person operation. 
Based on typical use environment being a large industrial facility with heavy materials and machinery in constant use, there is potential risk of the covers being damaged in an accident on site; therefore, the covers will need to be strong and durable and withstand harm on a moderate scale like falling debris and small fires.
Due the quantity of covers that are in demand, the production and manufacturing must be cost effective and as efficient as possible with no over complication. 

 










Time Plan of Production
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Defining the specifications of the product establishes the requirements and limitations involved. This allows for a clear overview of what needs to be designed and the limitations it must meet.
Research is needed to gather information on necessary attributes like material and machining processes to understand the most effective possibilities for the completed outcome.
Experimentation involves using the information gathered as well as the limitations given to brainstorm potential ideas and get an understanding of what will be the most efficient design.
Comparing the ideas narrows down the best ideas to the find one final design that will be used. The decision of the final design is made depending on particular details like cost, feasibility, ease to manufacture and related properties needed for an effective product. 
The product is then designed and evaluated to see how it would potentially perform and to see whether it is in fact good enough for the desired use.
Evaluating the final product includes examining the positive and negatives to see what could be improved and what may need to be changed in order to increase the effectiveness.

Research

The main devices that are applicable to the task at hand are things that have the purpose of moving stationary items on a single axis about a moment, such as doors or drawers. 
Casetur Sliding & Rotation System: This system is designed to move and rotate office desks into different positions. It does so by using grooves and rails with access to move and rotate in multiple directions as shown in the figures below. It does these movements seamlessly and can be done so with one person. (Belle Vue Architecture, Casetur Sliding & Rotation System, Year N/A) This mechanism can be applied to the task at hand whereby the cover could be attached to a rotational point to swivel about to uncover and cover the tank.

[image: Casetur Sliding & Rotation System by Bellevue Architectural]Figure 1 
(https://www.bellevuearch.com.au/wp-content/uploads/2023/08/Slider1.jpg, Year N/A)
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Figure 2
(https://www.bellevuearch.com.au/wp-content/uploads/2023/08/Slider4.jpg, Year N/A)
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Figure 3
(https://www.bellevuearch.com.au/wp-content/uploads/2023/08/Slider3.jpg, Year N/A)
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Figure 4
(https://www.bellevuearch.com.au/wp-content/uploads/2023/08/Slider5.jpg, Year N/A)




Desk Drawer Rollers: The complete roller mechanism consists of two rails that slot into one another using small wheels. One rail is fitted to the grounded fixture and the other rail is fitted to whatever it is that is going to be sliding back and forth along the rail. (WOOD, Drawer Slides Demystified, 2024)

[image: Drawer Slides Demystified]


Figure 5:
https://www.woodmagazine.com/thmb/MZvYDGnQKcSpm2MtYnHrQqH9w4E=/750x0/filters:no_upscale():max_bytes(150000):strip_icc():format(webp)/101018050-ba780301b62a4a74967a9d592f26e450.jpg, (2024)

Leverage: Using levers in a mechanical system can increases the efficiency of the mechanism. Applying leverage allows for an increased yield force to the application at hand, making it easier to displace an item Balke, H. (2023). 










Materials
Teflon: 
A great material with many advantages, especially its extreme resistance to chemicals and heat, making it a strong candidate for industrial work. It is also very low friction making it easy to clean and work with (Davis, H. (2023). These properties make Teflon ideal for the application of an acid tank cover, it would be easy maintain with its resistant and non-stick properties, as well as this it has a relatively low density at 2200Kg/m^3 (AFT Fluorotec, 2016). Because of its properties however, it is expensive (HOLSCOT, 2019) and very difficult to machine, often leaving defects in the final product (Gan et al., 2021). As well as this it is also difficult to injection mould (Poitou et al., 2009) making it more difficult, as a polymer, to be mass produced. 

Stainless Steel: 
Highly durable and corrosion resistant (Han et. Al., 2011), with great strength and robust properties (Sumanariu. 2024) make stainless steel an amazing material for industrial and heavy-duty work applications. Stainless steel is however very expensive (Afshan, S., & Gardner, L. 2013) and difficult to manufacture (CFS Foundry - Investment Casting & Die Casting Company, 2022). With a high quantity in demand, it would not be a cost-effective material to use. The density is around 7500Kg/m^3 to 8000Kg/m^3 (Thyssenkrupp, 2022), making it a relatively heavy material, for the application of a one person operated removable cover, a lightweight material would be a more suitable option.

Polypropylene:
[image: A colorful chart with black text

AI-generated content may be incorrect.]A very applicable material for task of an acid tank cover due to its low cost (www.blackwellplastics.com, n.d.), chemical resistance, durability, and strength (Kempner, 2019). With a density of 900Kg/m^3 to 920Kg/m^3 (Pashkevich, Alekseenko and Petrova, 2019) it is also very lightweight, as a large amount of it will need to be moved by a single person. In terms of manufacturing, Polypropylene is very easy to injection mould (Hindle, 2019) and therefore can be mass produced. 


Manufacturing
[image: A screenshot of a computer screen
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Polypropylene is the most effective material to use for the application of an acid tank cover. The most efficient way to manufacture the product with this material is to injection mould. Injection moulded has the ability to produce consistently accurate and precise components (Sharifi, E. et. al., 2021) in high quantities for a cost-effective price (HLH Rapid, 2024) and a short amount of time (Yao, D., Chen, S.-C., & Kim, B. H. 2008).
Injection moulding includes injecting molten material, in this case Polypropylene, into a desired mould to produce a component. To injection mould a product, several steps must be taken, preparing the material to be injected, the injection of the material into the mould, and the cooling process to ensure the component is set properly inside the mould (Jaroschek, C. 2024).
To manufacture each component of the newly designed tank cover. Moulds will be made and sent off to injection moulding companies who will then produce the complete components ready for use.  










   Legislation and Regulation Considered

Health and Safety at Work etc Act 1974:
This act states the outlines for protection of everyone involved in the workplace. It commands that employers take all the necessary precautions to guarantee safety in the workplace. This includes the method of which tasks are conducted, personal protective equipment, and rules to followed at all times. (legislation.gov.uk, 1974) This is to be considered when using the newly designed cover as without proper usage of the product, harm could be caused through misuse of the device, and therefore employers must take the precautions to train their employees to minimise accidents whilst operating the cover. The ensure that employees are kept safe when around the tanks of acid, the new cover creates a perfect seal to contain the acid and keep anyone near by safe and away from the hazard.
COSHH (Control of Hazardous Substances):
This legislation underlines the protection of employees when dealing with harmful substances. It states how employers have a responsibility to assess the potential risks associated with hazardous substances and implement the proper measures of safety that are required. In this case sulphuric acid is contained in a tank that employees will come in contact with whilst removing its cover, employers must assess the risks involved and take steps like personal protective equipment as well as training to ensure that no harm comes to their employees (Tyler, G. 1989). Because of the harmful acid, a chemical resistant material has been used on the new design of cover which is also easy to clean so that the cover will be easy to maintain and will safely contain the acid. The handle on the cover is also away from the tank meaning operators do not need to get as close to tank and acid inside it. The covers and casing create a seal around the tank which contain the toxic fumes that the acid releases.
Lifting Operations and Lifting Equipment Regulations (LOLER):
Because the act of removing the tank cover involves physical lifting equipment, LOLER is a relevant legislation. It states the guidelines for how to safely complete a lifting operation without the operator causing to themselves or others around (Harraway, J. 2002). For the task of removing the tank cover, proper lifting form and awareness must be taught to operators to ensure safety is guaranteed in the workplace. As well as this the new design will be made from a lightweight material that requires less strain on the operator to take on and off.
Regulatory Considerations:
Each component manufactured is to be checked for damage before usage to ensure functionality and safety are guaranteed. If signs of damage are found the component is to be disposed of.
Sketches
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Design 3 is the most appropriate design for the task at hand, it has an effective design and is cheap to manufacture. Despite its weaker frame, every component will use a lightweight material and will not need to take large amount of strain. It also has few parts the other designs and therefore will likely be cheaper and easier to manufacture in large quantities.

   
Final CAD Designs
Tank Cover:
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Top View
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Tank Case 
[image: A screenshot of a computer

AI-generated content may be incorrect.]Full View

[image: A screenshot of a computer

AI-generated content may be incorrect.]Top View




[image: A screenshot of a computer

AI-generated content may be incorrect.]Front View

Side View
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Tank Assembled
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Side View
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Final Drawings


Tank Cover

[image: ]








Tank Case
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Tank Assembled
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Justification of design

It involves an outer casing which sits on the top edge of the tank. The casing has an outer lip taller than the tank and has four hooked corners which hold the cover doors. The covers sit on top of the tank’s top edge, using the casings outer lip to keep it from moving laterally. 
On top of the cover doors there are built on circular beams with an overhang at each end. The overhangs function as rails, resting on top of the outer casing. Polypropylene is lightweight and low friction meaning the covers can slide freely with little effort form operators. The handles are positioned away from the tank for safety and to give the operator a comfortable and reliable grip.
To operate, using one cover at a time, the operator must pull the cover handle away from tank until the overhangs are reasting the hooked corners. Now, gradually swing the cover downwards to a ninety-degree hanging position and release the handle. Repeat on both covers.
To put the covers back over the tank, raise the cover back up ninety degrees about the hooked corners and push with slight force until the over hangs slide over the hooked corners. Continue to push until the front lip of the cover reaches the tank and release the handle. Repeat to both covers.
The two components will be injection moulded and can quicky be mass produced cost effectively. The components can be assembled easily with no fixings. Meaning components can be replaced if required.

Cost Analysis Per Complete Cover
Density = 910Kg/m^3
Volume = 16746230.67
Mass = 26.193
Cost Per Kg = £0.44
Total Cost = £11.52




Conclusion and further work

The design has high effectiveness and conducts its purpose well. It allows for a safe and easy way to cover and uncover the tank. It improves the design; extra walls could be put around the edges of each cover to ensure the cover cannot be taken off by mistake. The handles could also be differently positioned and shaped to be more ergonomic.
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