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Engineering Design Assignment 2
Engineering Problem

This document outlines the proposed solution developed in response to the client brief. This document outlines the process of following the product development cycle for an anodising tank where the lid can be operated by 1 person safely, with clearance above the tank to be able to lower parts into the tank for the anodization process. The tank material and dimensions must remain the same, but the lid can be altered. This tank is used across several sites and imposes a great health and safety risk to the operators as it is currently made of stainless steel and requires 2 people to remove the lid. The purpose of the document is to show the process from start to finish with defining the requirements, legislation considerations, proposed sketches, methodology and evaluations. This design solution has been designed to be tailored to the clients’ specifications and constraints with focus on Health and Safety of the operators, we aim for this product to be cost-efficient, functional and meets to client brief whilst also adhering to industry standards and legislation.

During the design process of this product, there are key legislations that need to be considered: 
The Health and Safety at Work Act 1974 was implemented to protect employees at work by stating that the workplace should provide a safe working environment and safe working procedures for employees. This needs to be considered when designing this product as all workers are entitled to a safe workplace, this design needs to be safe for the operators using it as it is the duty of the workplace to provide safe equipment. (British Safety Council, 2023)
Environmental Agency regulates industrial waste therefore the recyclability and how environmentally friendly the design is, must be considered. For example, is the material sustainable? Has it come from a sustainable source; can it be recycled? The environmental agency regulates how industry waste is disposed of which means these lids need to have an approved disposal route like selling to be recycled into other products of similar design. (Gov.uk, n.d.)
Control of Substances Hazardous to Health must be considered due to the nature of the chemicals being contained in the tank. It is the duty of the employer to carry out risk assessments for the chemical being used and how they are stored – are they being stored in appropriate containers, in this case they do not degrade when exposed to Sulphuric Acid (Health and Safety Executive, 2019)
Manual Handling in the workplace must be considered as this is the basis on which it was decided this operation was unsafe for the workers who performed the task of moving the lid of the tank. According to the Health and Safety Executive it is the duty of the employer to reduce hazardous manual handling as far as reasonably practicable and asses the risk of injury to the employees from any manual handling task. (Health and Safety Executive, 2019)
A patent needs to be considered as it can protect the design legally meaning you have the rights to the design so that it cannot be claimed by anyone else, a patent allows public access to the design and information. This can be time consuming and costly but is important to have credit for your designs. (World Intellectual Property Organisation , n.d.)

Specification 
	Time
	12 months to end results 

	Target Market
	Production line to improve safety of operation, the operators who currently move the tank lid

	Function 
	Removable lid for an anodization tank where the lid is only required when the tank is not in use. It should be operational by one person

	Design Constraints
	Must have clearance from above so that parts can be lowered into the tank. The tank material and dimensions cannot be altered. Material should not degrade in Sulphuric Acid 

	Size
	Original dimensions of the lid -1770mmx1020mmx20mm with the tank being 1000mm deep. Can be altered. Weight safe for Manual handling.

	Aesthetics
	Looks professional however practicality is favoured

	Durability
	Needs to be able to withstand 30% Sulphuric Acid at 25°C. The lid may need replacing/maintaining over time. Materials that are durable enough to withstand everyday scuffs or accidents with machinery

	Materials
	Current material is stainless steel however information provided looked at Polypropylene, Polyvinyl Chloride, Aluminium and Stainless Steel

	Safety
	Current lid design poses a health and safety risk to the operators and therefore needs to be functional so that one person can operate the lid instead of 2.

	Cost
	As there are dozens of these tanks at the facility and at multiple sites it would be beneficial to keep costs down as ‘low hundreds’ would be required

	Environmental Issues
	Preferably environmentally friendly where possible – recyclable material or sustainably manufactured. Minimal waste

	Manufacture
	Specially made the first time but batch process for future
One prototype, few hundred for permanent use

	Testing 
	Material/product matches requirements for use with 30% Sulphuric Acid at 25°C – already been tested. (Visual Inspection, Weight Change, Dimensional change, Tensile Strength, Hardness)
Practicality/safe to use by one person 
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Sketch 1 – Handle & Hinge 










Sketch 2 – Two handles on Two Lids
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Sketch 3 - Runners
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CAD model 
Front Plane
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Top Plane
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Right Plane
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Technical Drawings
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The design chosen for this client is two tank lids made from polypropylene with a polypropylene handle on each. The handles are fastened to the lid with stainless steel bolts from underneath. The material chosen was Polypropylene due to it being lightweight which immediately reduces the manual handling risk of injury as it greatly decreases the weight required to be lifted by an operator. If you were to compare the mass of two lids, one made from Polypropylene and one made from stainless steel you would get a difference of approximately 64 kg (based on calculations using the volume of the lid and average density values). In manual handling regulations, the recommended maximum weight for men is 25kg, and 16kg for women. The weight is then again reduced if the lid is split into two halves making it safer to be lifted by one operator. (Health and Safety Executive, 2019)
I chose a lid design where there is a lip that surrounds all edges of the tank as this stops the lid from being able to move around when on the tank, this also meant the lid needed to be slightly bigger than the tank. Due to the lids having a lip each side of the tank I added a gap which is shown in the drawings above to allow the lids to sit over the edges of the tank. I have designed one lid to have a ledge for the other lid to sit on to ensure the lids sit together and the tank is fully enclosed. I chose to fasten the handles to the tank lids with bolts as they are cost-effective due to be mass produced therefore simple to construct. The bolts would be stainless steel as they need to be strong but also be able to withstand the nature of the chemical within the tank. These materials are both durable enough to last many years yet are cheap enough to replace/maintain over the years. The handles have been designed to be able to lift the lid with two hands which will make handling of the lids easier than just using one hand. 
Manufacturing Processes chosen:
Lid – I have chosen the process of thermoforming process for the lid, Thermoforming involves heating the polypropylene and then stretching over a cold mould, this process works well with this material as it can withstand high temperatures without degrading the material. (GAP Polymers, n.d.).
Handle – Injection moulding as it is more complicated than the lid, this process is more costly for the prototype however once the mould has been made it can be reused. Injection moulding involves injecting molten plastic into a mould, letting it cool down and then ejecting it from the mould. (Testbook, 2023) Injection moulding is a cost-effective method of plastic forming once in mass production. There is minimal waste, low labour requirements and high-quality products, however the initial cost can be high, and the process can consume a lot of energy which isn’t eco-friendly.
Justification
In the client brief a table was provided which showed the materials that were considered when choosing a material for the tank design. The materials listed were Polypropylene, Polyvinyl Chloride, Stainless Steel and Aluminium. As I wanted the design to be lighter to make the lid safer to lift, I wanted to choose a material that would be lighter than Stainless Steel. PVC degraded after 24 hours in contact with Sulphuric Acid, so I ruled this material out. Aluminium lost 4MPa in Tensile Strength whereas Polypropylene lost 2MPa. Aluminium is heavier than Polypropylene, therefore I have chosen to use Polypropylene. Even though Polypropylene is fossil fuel dependent and is not biodegradable, it does degrade over time quicker than other plastic materials. The durability of Polypropylene means that it not only is resistant to chemicals, but it can also withstand high temperatures which means it is an ideal material for thermoforming which is the process proposed for the manufacture of the lids as part of this design. The durability of Polypropylene means it can withstand the daily wear and tear of industrial environments around machinery for example which could lead to accidents and the tanks could potentially be damaged. Other materials may not be as durable and any damage that occurs could lead to a leak which is an environmental concern as the chemical used in these tanks is corrosive and is hazardous.  I compared how environmentally friendly both Stainless Steel and Polypropylene :
	
	Stainless Steel
	Polypropylene

	Pros
	Theoretically 100% Recyclable
Durable, long-life span
No microplastics
	Widely recycled
Low impact production
Durable
Lightweight
Non-Toxic

	Cons
	Not cost efficient to make
Raw materials 
Carbon emissions as part of the manufacturing process
Heavy material
(British Stainless Steel Association, n.d.)
(Feng, 2024)
	Not biodegradable 
Less commonly recycled compared to other plastics/steel
Microplastics 
Fossil fuel dependency
(TEAMEE, 2022)



Both had similar number of pros and cons however due to steel being so heavy and the safety of the operators was paramount I have chosen to swap the material of the lid to Polypropylene. 
Another design originally considered was runners for the tank lid to slide along however with safety as the upmost importance it seemed to focus the lid’s weight on one side which would still be difficult for 1 operator to remove without help. I found this to be the same for another design which was a polypropylene lid with stainless steel hinges on one edge and a polypropylene handle in the centre of the lid. I thought that this design may also be difficult to operate as the hinge would rotate enough to be able to have clearance from above however as the tank lid was wider than it was high the lid would meet the floor which could cause potential trip hazards and injuries. 
To conclude, I believe the solution designed for the problem in the client brief is fit for purpose, by maintaining the safety of the operators and being cost effective.
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