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Introduction
The aim of this design engineering project is to find a solution to an ongoing problem on the production line of an automotive original equipment manufacturer (OEM). The defined problem is in relation to a tank that is used in the anodization process. There have been multiple complaints from staff that the removable cover is difficult to place on the tank correctly. It has been deemed a ‘major risk to staff’ by health and safety officers. This is a wide-scale problem, as there are volumes in the low hundreds across this facility and other company sites. Due to both the risk and the number of individuals affected, it is crucial that this problem gets solved.
Currently, the removable cover has two handles on both sides, which requires two staff members to lift it. The cover is made from stainless steel that is 5mm thick. This project will provide alternative design options to make the cover single-person-operable and safer for those who use it. This project will have consideration to the importance of maintaining operational efficiency and health and safety compliance. Operational Efficiency is important as it targets safety, reliability, and system efficiency (Sullivan et al., 2004).
Key Legislation Considerations
During this design project, it is important to consider multiple key legislation, to legally comply and minimise risk to the workforce. Simpson (2008) notes how ‘there is an obligation on designers or manufacturers to do any research necessary to prove safety in use’. Therefore, when designing the lid, the following legislations were considered:
Health and Safety at Work Act 1974; to ensure safe handling procedures.
Control of Substances Hazardous to Health (COSHH); to manage exposure to the sulphuric acid in the tank safely.
Manual Handling Operations Regulations 1992; to reduce risks associated with heavy lifting and manual handling.
ISO standards (ISO 45001); for safety management systems.
Specification and Criteria for Design
Design projects require a clear and defined set of specifications to be successful (Jack, 2021). This project was set out with the following specification:
· Must be safe to operate - no sharp edges or pinch points.
· Single person operation - a light, ergonomic design.
· The tank dimensions and material must remain the same, modifications can be made.
· Clearance from above, to allow aluminium parts to be lowered into the tank - allow for hoisting of part without obstruction.
Further specification and criteria identified:
· Material Compatibility - resistant to sulphuric acid and temperatures.
· Weight reduction - lightweight for ease of handling.
· Durability - minimal maintenance allowing for long lifespan.
· Manufacturability - cost effective and suitable for high production of units.

Time Management Plan for Production
One key aspect of Operations & Management is equipment modification (Meador, 1995), which ensures that equipment design changes within a reasonable timescale, while maintaining proper review, control, documentation, and implementation of the equipment. A Gannt chart was constructed as it effectively displays valuable information (Wilson, 2003), in relation to the production schedule.
[image: ]
The tasks have been divided up into sub-stages; design, prototype, manufacturing, production, testing, quality control, and packing / shipping. Due to the product needing to be appropriate to use across a variety of distinct locations and sites, ample time was designated to the designing and prototyping stage, to ensure that the product was suitable across all the units.
Research
Materials
The following table was provided prior to starting this design project. 
	Material 
	Polypropylene (PP) 
	PVC (Polyvinyl Chloride) 
	Stainless Steel (SS304) 
	Aluminium (Al 6061) 

	Acid Concentration (%) 
	20 
	10 
	15 
	10 

	Temperature (°C) 
	25 
	20 
	25 
	20 

	 
	 
	 
	 
	 

	Visual Inspection 
	No visible signs of degradation or discoloration observed after 24 hours of immersion. 
	Significant surface degradation and discoloration observed after 24 hours of immersion. 
	No visible signs of degradation or discoloration observed after 24 hours of immersion. 
	No visible signs of degradation or discoloration observed after 24 hours of immersion. 

	 
	 
	 
	 
	 

	Weight Change (grams) 
	Initial: 50.0 
Final: 49.9 
	Initial: 60.0 
Final: 55.0 
	Initial: 70.0 
Final: 70.1 
	Initial: 45.0 
Final: 45.0 

	 
	 
	 
	 
	 

	Dimensional Change (cm) 
	Initial: 10 x 10 x 1 
Final: 10 x 10 x 1 
	Initial: 15 x 15 x 1 
Final: 14.5 x 14.5 x 1 
	Initial: 10 x 10 x 1 
Final: 10 x 10 x 1 
	Initial: 20 x 20 x 1 
Final: 20 x 20 x 1 

	 
	 
	 
	 
	 

	Tensile Strength (MPa) 
	Initial: 30 
Final: 29 
	Initial: 25 
Final: 10 
	Initial: 200 
Final: 198 
	Initial: 150 
Final: 146 

	 
	 
	 
	 
	 

	Hardness (HRB) 
	Initial: 80 
Final: 79 
	Initial: 70 
Final: 50 
	Initial: 200 
Final: 198 
	Initial: 120 
Final: 118 



The table provides four suggestions for possible material to use for the anodization tank lid. The table shows insight into the different properties of the materials, allowing for comparison. As Table.? highlights, Polypropylene has the highest acid concentration at 20%. Research was done into the chemical compatibility of the four materials and sulphuric acid. It was found that both Aluminium and Stainless Steel were rated ‘D’ for compatibility, which can result in ‘a severe effect’ and is ‘not recommended for any use’ (ISM, 2025). Therefore, it would not be recommended to use either of these materials for the lid. While the lid is not likely to routinely come into direct contact with the sulfuric acid, it is possible, so therefore research would suggest using a different material. Both Polypropylene (PP) and Polyvinyl Chloride (PVC) were rated A for chemical compatibility for sulfuric acid, and therefore are ‘suitable’ to use. 
PP and PVC were then compared using Table 1 PVC was found to lose 5 grams in weight change, due to the dimensional change of 0.5cm on each axis of the lid. This ultimately is a problem, as if the dimensions of the lid shrink, it may result in the lid not covering the tank. In comparison, the dimensions of PP did not change. Another strength of using PP is that it only weighed 50 grams, which is one of the lighter materials, making single-person-operation of lifting the tank lid easier. 
There are both advantages and disadvantages to using PP, which need to be considered. Pros include good process ability, stiffness, and impact resistance. However, cons include flammability, but retardant grades are available. Additionally, oxidative degradation of PP is accelerated by several metals (Maddah, 2016), especially cobalt, copper and manganese (Osawa et al., 1968). Therefore, what metal would be used to make the handle, used for bolts, hinges / struts would need to be considered.
It is important to consider the cost of materials, PP, PVC, and aluminium were considerably more cost-effective than stainless steel. PVC was the cheapest of the four, however has been ruled out due to reasons mentioned above. PP remains the most viable, when cost is considered as a factor.
Designs
Design Concepts
Concept 2 - Hinged Lid. The lid will be attached to the current tank via two stainless steel gas struts. The gas stuts will have a force of 500N, eyelet rod end fittings, and to be est 140mm in length to withstand the size of the lid. The gas struts are to be connected to the side of the tank by welded ball joints to match the eyelet rod ends. The lid will be made from a lightweight semi-crystalline polymer called Polypropylene (PP) which is a thermoplastic material. This material can be moulded into any desired shape and can be remoulded without any degradation. The PP lid can be shaped using heat, this is called thermoforming which is the process of heating the material up until it becomes pliable, and then moulding to desired shape. Once PP cools down the polymer will retain its new moulded shape. 
Weight of the lid length – 1770mm Width – 1020mm Thickness - 6mm = Gross weight 9.7kg – 21.4lbs
Gas struts 250N of force = 56Ibs x 2 = 114lbs – 51.7kg / 224lbs
The Lid will require 3 hinges made from stainless steel. The lid will also have a 5mm thick flange around the lid. Stainless steel m8 bolts will be used to secure the lid and hinges together. The struts will require 4 x stainless steel ball stuts with M8 thread and to be drilled then bolted into the side of the tank and lid.
Concept 3 - Sliding Lid. The lid will be over the current tank using a rail system. The aluminium cover will be movable as the system will be on sliding rails. The disadvantage to this concept is that it takes up a considerable space on the plant floor, the cover will take up the size of the tank next to it. Making the cover out of aluminium will keep the system light and moderately easy to move with the addition of the stainless-steel sliding rails. This system will require framework around the tank.
Weight of the lid length – 1770mm. Width - 1020mm. Thickness - 8mm = Gross weight 39.2kg – 86lbs
Sliding rails 1020mm travel – 40kg load per major axis – Total = 160kg x 2 = 320kg / 705lbs
The carrying weight is heavy duty but as the size of the cover will be hanging over the strength is preferred.
Concept 4 – Lightweight aluminium lid with pulley system. The light aluminium lid will have flanges on all four edges completely covering the anodization tank and will have four lighting eyes mounted on top of the lid. A pulley system will be required for this system as the lid requires lifting to gain access to the tank. A preferred option is to include a gantry above the tank so then the lid can be moved. This will eliminate the lid hanging in the way for any product to be placed in the tank. 
Weight of the lid length – 1770mm. Width - 1020mm. Thickness - 8mm = Gross weight 39.2kg – 86lbs
The pulley system will have 3 pulley wheels to reduce the load and force required for the single man operation. 
40kg x 9.8 = 392N 
A block and tackle system are ideal as this consists of multiple pulleys positioned correctly to reduce the input force. To lift the 40 kg lid with a force of 100N or 10kg will require four supporting ropes. The system will require two fixed pulleys, two movable pulleys, and rope which can manage 400N of tension. As this is a pulley system safety is considered by increasing the load rating of the ropes to 500N would be ideal.
Concept 1 – Lightweight segmented lid. The lightweight lid will be made from polypropylene and will be in three segments for ease of removal as the lid is 1770 x 1020. Each segment will have two handles on for lifting and be made from pp. Each segment will have a lip on the side for overlapping of segments. Around the edge of the segments will have a flange on the edge (2mm) to overlap the tank. 
Weight of the lid length – 1770mm Width – 1020mm Thickness - 3mm = Gross weight 4.87kg – 10.74lbs. Each segment will weigh = 1.62kg – 3.58lbs
A DFMA on the four concepts to gain an understanding where each of the concepts outperform one other.
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Manufacturing process for design
The manufacturing process to make the polypropylene lid will be done through vacuum forming, this process is done by creating a mould for the lid with the desired specification which the pp will form around. The mould will be made from aluminium and designed with vents to aid suction. The mould will have two handles and a soft chamfered edge where the pp will form around. Preheating the pp sheet in a controlled environment to ensure uniform heating distribution and make the pp soft. The pp sheet is then placed into the vacuum forming machine where the sheet will heat up to 180 ̊C, this is a controlled temperature for pp for it to become soft and not melt. The sheet is placed over the mould and the vacuum pumps out the remaining air. This will make the pp sheet to conform to the mould shape. The pp is then cooled down for it to regain its rigidness and to retain its shape. Fans or water can be used to accelerate this process. 
Using a CNC machine the excess material is removed to achieve final dimensions and shape. The lid and edges can then be polished and smoothed for health and safety standards. The CNC machine can then accurately drill the hinge holes.
The gas struts and M8 bolts can be obtained as stock parts. 
Justification for design and material / conclusion
Through research polypropylene is often chosen over stainless steel, aluminium, and PVC for anodization tanks using sulphuric acid as they have significant weakness in this application. There are several advantages related to the thermal properties, cost, maintenance, durability, weight, and most importantly chemical resistance. Due to the figures in chat.?. and research pp was chosen for the lid. 
Through various techniques, research, and decision-making charts, concept 1 – hinged / gas strut polypropylene lid was found to be the most suitable for this application as this competed with the price, sustainability, feasibility of concept 4. Concept 3 was ultimately ruled out as this concept required a large space around the tank for the lid to be out of the way. Concept 4 was also ruled out as the lid would be suspended above the tank causing a potential risk to employees if the pulley system were to fail, causing the lid to drop. Another reason concept 4 was ruled out was due to an assumption that there was already a system in place for large aluminium parts to be lifted and placed into the tank. Concept 3 and 4 also scored poorly compared to concept 1 and 2. Concept 1 scored on DFMA remarkably like concept 2 but ultimately out scored in efficiency, safety and risk, and weight. 
The hinge / gas strut concept proved to be the most suitable for this scenario with its ease of construction and adoption into the current system. It also scored the best in the DFMA which further proved its practicality. As previously mentioned, polypropylene was the most suitable material choice as it can withstand a prolonged exposure to sulfuric acid without degrading, making it a long-lasting option for anodization applications. 
The addition of polypropylene and the hinged gas strut design together make an excellent option for the company regarding their issue with the anodization tank lid. 
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