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[bookmark: _Toc194698090]Introduction and interpretation of the client brief
In this design project, the primary objective is to develop a safer and more efficient solution for handling the lid of an anodizing tank used on an automotive production line. The current stainless-steel lid of the tank requires two operators to move, lift and position it. It has been identified as a major health and safety concern as it’s so heavy and cumbersome to remove. Staff have reported the difficulties of positioning the lid correctly, and the health and safety officer has highlighted the risk associated with its weight and operation. As a design engineer the task is to redesign the lid or the mechanism by which it opens to ensure that it can be handled safely by a single operator while maintaining the tank’s original dimensions and material. The proposed final solution must be practical, cost-effective or justifiable, and scalable in numbers, considering the large number of tanks across multiple company sites. This report follows the structured approach of the product design cycle, incorporating research, technical specifications, design concepts, CAD modelling, and manufacturing processes to deliver a feasible and well-justified design solution.
The primary objective of this project is to design a safer and more efficient solution for handling the lid of an anodizing tank, for use on an automotive production live. Currently, the lid is formed of stainless steel and requires two operators to correctly move and position it. 


[bookmark: _Toc194698091]Key legislation considerations
Before designing this solution for the anodising tank lid, several legal and regulatory requirements must be considered to ensure compliance with health and safety standards. The most prominent regulation is likely the Health and Safety at Work Act of 1974, which in essence, conveys that employers must provide a safe working environment for their workers, minimizing risks associated with manual handling and heavy lifting. In this context, with reference to the brief given, the current two-person lifting requirement poses a potential hazard, facilitating a design that aligns with Manual Handling Operations Regulations of 1992, which emphasize reducing manual lifting where possible and lowering risks of musculoskeletal injuries.
The Provision and Use of Work Equipment Regulations of 1998 is also a relevant legislation, and it aims to ensure that when designing or modifying lifting mechanisms, that an appropriate level of safety, maintenance and efficiency is adhered to. For the proposed brief, and the possible modifications that have a design potential, all mechanical assistance for example hydraulics or pneumatics, would need to align with The Machinery Directive (2006) and the BS EN ISO (2010), that dictate the required safety precautions for new machine design. This aims to reduce hazards and subsequent injuries, that are more likely to occur, with use of these appliances. 
	
	
	



The 30% sulphuric acid concentration that is used for the anodization process, requires this project, to comply with the Control of Substances Hazardous to Health Regulations of 2002. Adhering to this throughout the manufacturing process, ensures that those handling the materials are not unduly exposed to harmful chemicals. 
	
	
	



[bookmark: _Toc194698092]Specification
The redesigned anodising tank lid must meet the following criteria:
· Must be operatable and openable by a single person, eliminating the need for a two-person life. This will reduce the overall manual handling risks whilst ensuring that compliance with the MHOR legislation is met.
· Have a method for secure, guided and repeatable placement to prevent misalignment or accidental drops of the lid. 
· The tank itself must remain built from stainless steel. Only the lid may be altered, with the aim to make it lighter in weight whilst remaining resistant to corrosion, and able to withstand exposure to a 30% sulphuric acid concentration and temperatures of 25°C.
· The material selection should include a balance of strength, weight reduction and cost – effectiveness for a limited run of large – scale production (a few hundred units). 
· It should incorporate lifting assist mechanisms that optimise the use of mechanical advantage (for example, winch, hinge, counterweight, gas struts or automated systems). 
· Avoid interference with clearances (air space) above the tank, as this guarantees easy access and insertion of the metal plate. Additionally, there should however, be no alterations to how the plates are lowered and raised or the fixings to them, to the wires or the wires themselves. 
· Allow for easy maintenance and cleaning of the lid, to prevent contamination.
· Adheres to BS 8888 for technical drawings and tolerances, and any mechanical components must comply with PUWER 1998 and The Machinery Directive 2006.











[bookmark: _Toc194698093]Time plan for producing the product
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[bookmark: _Toc194698094]Relevant research and justification for design
Considerations for the redesigned lid are an equal balance of strength, corrosion resistance and weight reduction. Given these criteria I have chosen three potential metals that I can use to form the new and improved, box lid. These are:
· Metal box frame, used mainly as structural support
· Material choice of stainless steel (316)
· Sulfuric acid-resistant sheets, PTFE (Polytetrafluoroethylene) (Teflon)
The reason for these considerations is due to its excellent corrosion resistance, particularly 316 stainless steel, which is highly resistant to sulphuric acid. The stainless metal frame provides the necessary rigidity to prevent warping, bending or deflection when opening from a single side. It being made of 316 stainless, means it’s also weldable and compatible with industrial manufacturing techniques (MFG, 2024). 
Considering that it’s lightweight yet durable material and will be effective in reducing the weight of the item and resisting chemical damage, the use of PTFE will be incorporated for most of the lid’s makeup. PTFE is highly resistant to 30% sulphuric acid, is lightweight and has plenty of rigidity and mechanical strength. The non-stick properties prevent buildup of contaminants and make it easy to keep clean and is already commonplace to use in chemical processing and industrial hazardous substance application (Specialchem.com., 2019).
The use of hinges is obvious when designing a movable lid for a container, however it’s not necessary for all design variations. I will incorporate a hinge into my designs that include a pivot or fixture, as it allows for the lid to be securely attached at a point, and pivot open, repeatably and reliably, without requiring full removal. Furthermore, it eliminates the need for repositioning and the possibility of it falling, as it’s fixed to the tank. A hinge also allows for reduced manual lifting force, improving ergonomics and safety. The use of hinges is common in all aspects of engineering, including industrial enclosures, heavy – duty machinery, and safety covers (Tajuddin, 2024).  
The hinges shall be constructed of stainless steel, Agine 316 stainless steel for corrosion resistance and ease of manufacturing when attaching to the stainless frame. It’s load capacity and durability will ensure safe handling of the box – frame lid’s weight. 

[bookmark: _Toc194698095]Why gas struts?
The use of gas struts or gas springs is to reduce opening force by using compressed gas to assist lifting. This allows for ridged support of the open lid at fixed positions, preventing accidental closure. These are commonly seen in care hoods, hatch doors, safety enclosures in hazardous environments, machinery covers, along with aerospace panels. They are typically constructed of stainless steel with sealed nitrogen gas chambers.
Lifting force exerted by the gas struts, must be calculated using the weight of the lid and typically ranges from 500N – 1000N per strut. These would be an effective aid in reducing mechanical lifting and the physical requirements of the operators (Gasspringsshop.co.uk., 2024). 

[bookmark: _Toc194698096]Rollers & track mechanism (sliding lid design)
The aim of rollers and track is to eliminates the need for lifting by allowing the lid to roll up and off the tank away from it. This reduces physical strain on the operator, making it a one-person operation/removal. Additionally, this is the easiest solution for ease of cleaning and inspecting both sides of the lid. 
A few examples of where this mechanism is currently implemented are in the use of heavy machinery enclosures, industrial storage systems and warehouse sliding doors (Rollsbearing.com., 2015). If I was to implement these, I would construct the required elements (track and roller) from the following materials respectively; stainless steel linear rails for its corrosion resistant properties and smooth operation, and PTFE coated industrial rollers, for low friction and their acid-resistant capabilities (PTFE Applied Coatings, 2024).










[bookmark: _Toc194698097]Annotated sketches of multiple design concepts
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[bookmark: _Toc194698098]CAD model of the final concept
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[bookmark: _Toc194698099]Fully dimensioned technical drawings (BS8888), with material choices and tolerances
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[bookmark: _Toc194698100]Manufacturing processes for each component
These parts will be custom-made to meet specific design requirements.
[bookmark: _Toc194698101]Metal box frame 
This shall be formed from 316 Stainless Steel for corrosion resistance. The manufacturing process shall be as following:
1. Laser cutting or water jet cutting the designed elements for precise frame sections. This will ensure uniform components are produces every time.
2. Repeatability shall be installed by using precise fixings/ mountings prior to welding to minimise distortion.
3. TIG welding shall be used to assemble the frame, to maintain the required strength and chemical resistant properties. 
4. Finally, surface finishing and protection shall be sought through electroplating. This will enhance corrosion resistance on any oxidising surfaces present and the welds used to assemble the product.
There are several reasons as to why I have decided to custom manufacture these, however notably, the most important factors are:
1. This requires custom dimensions and reinforcement points for the hinges and gas struts, which mass – producing factories may be unfamiliar with. I need to ensure quality and precision throughout the manufacturing process.
2. Off the shelf options, and pre – made parts will not fir the exact tank requirements and are not an option. 

[bookmark: _Toc194698102]Acid-resistant lid panels
These shall be formed using PTFE (Teflon). The manufacturing process for these panels shall be comprise of:
1. The sheet cutting shall be utilised using a water jet for precise sizing. 
2. Edge finishing will be achieved by deburring and polishing to remove any sharp edges and to ensure a good seal against the tank.
3. Fastening the panels to the frame will include mechanical fixings (bolts) or industrial adhesive bonding. Both are a good choice and would ensure the necessary adhesion that I am looking for. 
Similarly to the box frame, they recure exact measurements, cutting and forming, to ensure a perfect integration of the panels into the frame. Standard sheets are available, but final machining is required for a seamless fit, and this will be easier to achieve via custom manufacturing.

[bookmark: _Toc194698103]Hinge and strut mounting brackets
These shall be crafted from stainless steel (316) for its well-known durance and suitability. The manufacturing process shall include:
1. CNC milling that creates precise mounting points for the hinges and gas struts.
2. Drilling and tapping that allow easy installation of bolt attachments.
3. Passivation or electroplating as a form of surface treatment, to prevent corrosion and damage. 
These brackets must match the exact hinge/strut specifications and lid frame design - this shall be achieved through in house manufacturing of the parts. 













[bookmark: _Toc194698104]Conclusion and further work
My given improvements for the anodizing tank lid, provide a safer and lighter solution, to the current manual handling and safety issues, highlighted in the brief. With the lid being effectively split into two sections initially reduces the weight of each part, allowing a more able approach for a single operator to life, open, remove and operate the removable tank lid, Furthermore, the design of the metal box frame, helps to provide increased structural strength, additionally supporting the lightweight panels formed of PTFE. These help to offer the well needed long-term durability, required when facing chemical exposure.
To further improve the suitability and safety of the design, my implemented heavy-duty hinges allow for smooth opening, and the gas struts assist in lifting and holding the lip open, minimizing manual input and effort. The combination of premade components such as the hinges and struts, ensure reliability and cost-effectiveness, whilst the custom fabrication of the hinge and panels, guarantees a perfect fit and ensures operational perfection.
This new lid design significantly reduces physical strain, improves ergonomics and efficiency, and enhances safety in the workplace. By making the lid lighter, far easier to operate, and resistant to its harsh environment, it provides a highly effective and practical upgrade over the fault riddled, existing lid.
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