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[bookmark: _Toc194677758]Introduction
In modern manufacturing, safety and efficiency are fundamental to maintaining high productivity and compliance regulations. The anodisation process is widely used in automotive manufacturing to enhance the durability and corrosion resistance of aluminium components (Davis, 2019). However, an ongoing issue has been identified concerning the handling of the stainless-steel tank lid used in the anodisation process.
The objective of this project is to design a new lid for the tank that:
· Ensures single-person use for improved efficiency.
· Minimises lifting risks and improves workplace safety.
· Optimises materials and manufacturing processes for cost-effective production.
This report will follow the product design cycle, including a review of safety regulations, concept development, material selection, and manufacturing feasibility. By implementing a lighter, ergonomically improved lid mechanism, this project aims to enhance worker safety and streamline the anodisation process.


















[bookmark: _Toc194677759]Key legislation considerations
[bookmark: _Toc194677760]Manual Handling and Workplace Safety Regulations
The Manual Handling Operations Regulations (1992) emphasise the importance of reducing hazardous lifting tasks in industrial settings (Health and Safety Executive, 2021).
According to the regulations:
· Manual lifts exceeding 25kg for men and 16kg for women are considered hazardous.
· Frequent heavy lifting is a primary cause of musculoskeletal disorders (MSDs) (Mital et al., 2020).
The current lid weighs over 20kg, exceeding the lifting limit, which puts workers at greater risk of lower back injuries from bending and lifting (Punnett & Wegman, 2022), fatigue-related handling errors (therefore increasing the accident probability), and repetitive strain injuries.
The provision and use of work equipment regulation (PUWER) 1998 also require that the workplace equipment must be safe and easy to use, which the current lid doesn’t meet (BSI, 2021).
[bookmark: _Toc194677761]Safety Concerns with Acid Exposure
The anodisation process uses 30% sulphuric acid at 25°C, posing a potential risk of acid fumes corroding the equipment (Davis, 2018). While stainless steel is corrosion-resistant, frequent lifting, placing, and exposure can degrade the material over time. Alternative lightweight materials could be considered.















[bookmark: _Toc194677762]Specification
Based on the safety concerns and usability requirements the new lid must:
[bookmark: _Toc194677763]Functional Requirements
· Be lightweight and operated by one person.
· Allow clearance for hoisting aluminium parts into the tank.
· Be chemically resistant to sulphuric acid vapours.
[bookmark: _Toc194677764]Safety and Ergonomics
· Reduce manual lifting force by at least 50%.
· Integrate aided lifting mechanisms such as hinges and gas struts, or sliding mechanisms.
[bookmark: _Toc194677765]Manufacturing and Cost Considerations
· Use readily available materials for cost-effectiveness.
· Be easy to manufacture with standard industrial processes.
· Maintain a low production per unit, as volumes will be in the hundreds. 


















[bookmark: _Toc194677766]Time Plan for Production
To ensure efficient development and implementation of the redesigned tank lid, a structured time plan is essential. The GANTT time line below outlines the key stages of production, along with estimated durations.
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[bookmark: _Toc194660643][bookmark: _Toc194677744]Figure 1 - GANTT Chart Showing Timeline for Development and Production






















[bookmark: _Toc194677767]Research and Design Concepts
[bookmark: _Toc194677768]Concept 1: Hinged Lid with Gas Struts
This lid included a hinged lid supported by gas struts.
[image: ]
[bookmark: _Toc194677745]Figure 2 - Image of Initial Sketches for Design Ideas (Gas Strut)
This lid would provide a smooth controlled lid movement, reduces the lifting force required, and is a compact design. 
However the gas struts require maintenance and eventual replacement due to pressure loss over time, the struts may degrade in acidic environments, requiring specialised coatings, and it may involved an increased cost for high-quality corrosion-resistant gas struts.
Although this option allowed single-person operation, it had higher maintenance costs and potential durability concerns in an anodisation environment.
This concept is often used in the automotive industry for example car boots.
[bookmark: _Toc194677769]Concept 2: Sliding Lid on Rails
This lid would have a track system with rails positioned at the sides of the tank to allow the lid to slide open and closed horizontally.
[image: ]
[bookmark: _Toc194677746]Figure 3 - Image of Initial Sketches for Design Ideas (Rails)
This tank eliminates lifting altogether. It would allow for smooth and controlled movement and also it is a simple operation with minimal effort required.
Conversely, this design requires a lot of extra working space for the lid to slide into, which may not be feasible in crowded production environments. This would also require a more complex fabrication process, as well as the rail components needing frequent cleaning and maintenance due to dirt and acid build-up.
Although this design eliminated lifting risks, it would require too much additional space, which wouldn’t comply with a lot of factories.
This design is used in a variety of different industries, for example, doors and cabinets.
[bookmark: _Toc194677770]Concept 3: Counterweighted 
This design would use a hinged lid at the back of the tank with a rear-mounted counterweight to balance the weight of the lid.
[image: ]
[bookmark: _Toc194677747]Figure 4 - Image of Initial Sketches for Design Ideas (Counterweight)
This design would be low maintenance as it doesn’t have as many moving parts. It requires minimal effort to operate thanks to the counterweight. It also doesn’t require additional space to the side, meaning most factories would be able to utilise this new design.
The initial cost of the counterweight fabrication may be expensive, as it requires strict weight distribution calculations to ensure it works.
This design limits the lifting effort while keeping it space-efficient and compact. However, the initial cost may be an issue if it does not create additional cuts for companies.
This design is often seen on BBQ smokers and industrial machinery.
[bookmark: _Toc194677771]Material Selection
[bookmark: _Toc194677772]Lid and Support Material
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[bookmark: _Toc194660644][bookmark: _Toc194677748]Figure 5 - Graph Showing Hardness Compared to Price with Possible Materials Labelled
	Material
	Corrosion Resistance
	Strength
	Weight
	Cost
	Manufacturing difficulty

	Stainless Steel
	Excellent
	High
	Heavy
	High
	Moderate

	Mild Steel
	Poor (Rusts)
	High
	Heavy
	Low
	Easy

	Aluminium
	Poor (corrodes in acid vapours)
	Low
	Light
	Moderate
	Easy


[bookmark: _Toc194660650][bookmark: _Toc194661297]Table 1 - Comparison of Materials for the Lid
The chosen material is stainless steel, because of its low-maintenance properties. In contrast to aluminium, which is susceptible to corrosion in acidic conditions, stainless steel requires no special coatings or maintenance efforts. Unlike mild steel, it is resistant to rust, making it particularly suited for environments that are frequently exposed to chemical vapours and industrial elements. Stainless steel also boasts structural integrity over time, ensuring it retains its shape and strength even when subjected to high temperatures or repeated use. Its resilience is especially notable when exposed to harsh conditions, such as 30% sulfuric acid vapours, where it provides long-term durability. This makes stainless steel an ideal choice for applications demanding both reliability and longevity. (unknown, 2019)





[bookmark: _Toc194677773]Counter Weight Material
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[bookmark: _Toc194660645][bookmark: _Toc194677749]Figure 6 - Graph Showing Density Compared to Price, using Granta EduPack
	Material
	Density (kg/m3)
	Cost
	Durability
	Corrosion Resistance
	Manufacturing difficulty

	Concrete
	2400
	Low
	High
	Excellent
	Easy

	Cast iron
	7200
	High
	High
	Moderate
	Moderate

	Lead
	11340
	Very High
	Moderate
	Poor
	Difficult


[bookmark: _Toc194660651][bookmark: _Toc194661298]Table 2 - Showing Comparison of Materials for the Counterbalance Weight
The final design incorporates concrete as the primary weight material, chosen for its significant cost-effectiveness compared to other alternatives. This affordability allows for the selection of a more premium lid material, enhancing the overall quality of the product. While concrete may not boast the highest density, it provides adequate counterbalancing without adding excessive bulk, making it a practical choice. Also, concrete's malleability simplifies the shaping process, resulting in reduced production complexity and streamlined manufacturing. In contrast to metals, which can succumb to rust and deterioration in humid environments, concrete remains resilient and stable, ensuring long-lasting performance. Although lead might have been considered as a potential alternative due to its density, its toxic nature poses serious health risks during handling and machining, making it an unsuitable option. (Unknown, 2019)


[bookmark: _Toc194677774]Final Design
[bookmark: _Toc194677775]Design Overview
The chosen design uses a stainless steel lid with a reinforced concrete counterweight. The steel support beams ensure rigidity, and industrial-size hinges are used for cost efficiency.
The key features of this design are:
· Balance requires minimal lifting force.
· Counterweight placed 0.3 metres behind the hinges to optimise effort. 
· The lid closes smoothly due to a slight imbalance
· Stop hinges added to not allow the lid open beyond a certain angle to stop the counterweight being counterintuitive and making it impossible for person to open
· If these hinges cant be found an alternative of a weight stopper could be added.
· Lip around edge to help align when shut.
[bookmark: _Toc194677776]Mathematical Justification
First the Weight of the lid had to be calculated.


Mass of the lid was then calculated using the density of steel which is set to 8000 kg/m3.


The weight was then calculated to get it in Newtons.


The lid will be hinged along the long side of the box and is supported by a counterweight beam system extending 0.3 m from the tank.
The centre of mass is located 0.51m from the hinge.
So the torque due to the lid is:


The support beam has a length of roughly 0.64 m, with a cross section of 0.1m x 0.06.





Assuming the beam's centre if mass is roughly 0.15 from the hinge, the torque is:


The total resisting torque needed:


If the counterweight is placed 0.3m from the hinge, the required force is:

The volume of the weight:

Assume the length of the weight is 1.5m:


With these calculations in mind the weight will be set to weigh 110 kg meaning it eliminates the risk of the lid staying open while still limiting the force needed to lift the lid up. The weight’s centre will be positioned 0.3 m behind the hinge. It could be placed further away to make the weight requirement less; however, this would require significantly more space around the container.
[bookmark: _Toc194677777]CAD model of Final Design
[bookmark: _Toc194677778]Lid
[bookmark: _Toc194660646][bookmark: _Toc194677750][image: A close-up of a table

AI-generated content may be incorrect.][image: A black metal object with a white background

AI-generated content may be incorrect.][image: A black hexagon shaped table

AI-generated content may be incorrect.]Figure 7 - Images Showing the CAD Model for the Lid
[bookmark: _Toc194677779]Weight
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[bookmark: _Toc194660647][bookmark: _Toc194677751]Figure 8 - Images Showing the CAD Models for the Counterweight
[bookmark: _Toc194677780]Hinge from the Shelf
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[bookmark: _Toc194660648][bookmark: _Toc194677752]Figure 9 - Image Showing a Possible Design for the Hinges (EuroFit)
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[bookmark: _Toc194660649][bookmark: _Toc194677753]Figure 10 - Possible Design for a Weight Stopper
This would be welded to the base of the tank so that some of the weight can be worked through the floor.
[bookmark: _Toc194677781]Technical Drawings
[bookmark: _Toc194677782]Lid
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[bookmark: _Toc194677754]Figure 11 - Technical Drawings for the Lid
[bookmark: _Toc194677783]Weight
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[bookmark: _Toc194677755]Figure 12 - Technical Drawings for the Weight













[bookmark: _Toc194677784]Pricing and Production Methods
	Component
	Manufacturing Method

	Lid (Stainless Steel)
	Laser cutting, welding

	Counterweight (Concrete)
	Mold casting

	Support Beams (Steel)
	CNC cutting, welding

	Hinges (Purchased Off-the-Shelf)
	Welded


[bookmark: _Toc194660652][bookmark: _Toc194661299]Table 3 - Table to Show Manufacturing Processes
	Component
	Material
	Estimated Unit Cost (£)
	Quantity
	Total Cost (£)

	Lid
	Stainless Steel (5mm, Grade 304)
	250
	1
	250

	Counterweight
	Reinforced Concrete
	30
	1
	30

	Hinges
	Off-the-Shelf Steel Heavy-Duty Hinges
	25
	2
	50

	Support Beams
	Steel (Square Tubing)
	40
	2
	80

	Welding & Fabrication
	Labour & Equipment Costs
	100
	-
	100

	Assembly & Installation
	Labour for final fitting
	50
	-
	50


[bookmark: _Toc194660653][bookmark: _Toc194661300]Table 4 -  Table Showing a Pricing Breakdown
The total for the project would come to around £560 per unit. This price includes the manual labour required and all of the components and materials required to complete each lid. If the hinges can’t be found within that price or to the standard required then normal heavy duty hinges can be employed with an addition of a weight catch to stop the lid opening beyond 90°.
This costing does not take into account for the fact that the lids can be reused with just 5mm taken off the hinge edge and the support beams for the weight welded on. This means that £250 can be eradicated lowing the cost per unit to just £310.





[bookmark: _Toc194677785]Justification
[bookmark: _Toc194677786]Justification for Stainless Steel Lid
[bookmark: _Toc194677787] Durability and Corrosion Resistance
The anodisation process involves 30% sulphuric acid at 25°C, meaning the environment is highly corrosive.
Stainless steel (Grade 316 or 304) is ideal due to its high corrosion resistance, ensuring a long lifespan with minimal maintenance (Callister, 2021).
Alternative materials such as aluminium or mild steel would suffer from rapid degradation in this environment, leading to frequent replacements and higher costs over time.
[bookmark: _Toc194677788]Structural Integrity and Safety
The lid must withstand accidental impacts from tools or hoisted parts.
5mm stainless steel provides a strong, rigid surface without warping or denting.
Lighter materials like polycarbonate or fibreglass could introduce cracking or deformation under stress, reducing safety.
[bookmark: _Toc194677789]Cost vs. Longevity Trade-Off
While mild steel is cheaper initially, it would require frequent repainting or coating to prevent rusting, increasing long-term costs.
Stainless steel has a higher upfront cost but eliminates maintenance expenses, making it more cost-effective over the product’s lifespan.
[bookmark: _Toc194677790]Justification for Reinforced Concrete Counterweight
[bookmark: _Toc194677791]Weight-to-Cost Efficiency
The counterweight needs to provide sufficient force to assist in lid operation while remaining cost-effective.
Concrete is significantly cheaper per kilogram than alternatives such as steel or lead (Ashby & Jones, 2012).
Using steel would increase costs substantially with no functional advantage in this scenario.
[bookmark: _Toc194677792]Corrosion Resistance and Longevity
Unlike metal weights, concrete does not rust, eliminating coating or maintenance costs.
Concrete’s compressive strength ensures it remains intact over decades, reducing the risk of failure.
[bookmark: _Toc194677793]Justification for Counterweight Mechanism
[bookmark: _Toc194677794]Single-Person Operation
The previous lid required two people to lift, leading to safety risks and inefficiencies.
A counterweight-assisted mechanism allows one operator to open and close the lid effortlessly, meeting ergonomic safety standards (HSE, 2020).
[bookmark: _Toc194677795]Prevention of Over-Rotation Beyond 90 Degrees
Without restrictions, the counterweight would pull the lid past 90°, causing instability.
The Hinges found are stop hinges, which don’t allow the hinge leaf to extend past 90°, meaning it is easy to shut still with minimal effort. (Guden, 2025)
If these are unsuccessful, a counterweight buffer could be produced as in figure 7 to hold the weight when it gets to just before 90°.
In terms of opening and closing the lids the handles from the previous design of the lid can be refited to the opposite edge to the hinge.


























[bookmark: _Toc194677796]Conclusion and Further Work
The final design harmonises safety, cost-effectiveness, and durability through the use of a counterweight lid. Produced from stainless steel, the lid boasts impressive corrosion resistance, ensuring longevity and reliability. The choice of reinforced concrete for the counterweight not only keeps costs manageable but also provides a sturdy and efficient solution.
While alternative designs lightweight lids, were evaluated, they were set aside due to their costs, added complexity, and potential compromises in durability. 
To enhance safety further, the potential implementation of a stopper bar effectively prevents over-rotation, allowing for a secure and controlled operation. This design stands out as the most effective solution for prioritising operator safety while simultaneously minimising costs and maintenance requirements.
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