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1. [bookmark: _Toc220492780]Introduction and Interpretation of the client brief.
[bookmark: _Toc220492781]1.1 Problem Overview.
The identified problem relates to the anodisation process on the production line. Aluminium parts are anodised in stainless steel tanks containing 30% sulphuric acid heated to 25 °C, providing both aesthetic finish and corrosion protection. When not in use, each tank must be covered with a lid.
The current lid is a single-piece, solid stainless steel plate due to the size and weight, the lid requires a two‑person lift. Staff have raised repeated concerns about the difficulty of positioning the lid correctly, and it has been identified as a significant manual handling and health and safety risk.
[image: ]This issue is widespread, as dozens of these tanks are used at this site and across other company locations. If left unresolved, it could lead to injuries, production delays, and increased employment costs.[bookmark: _Toc220659178]Figure 1- Illustration of existing lid design (Rogers)


.


1.2 Objectives of the design solution.
The primary objective of the new design is to eliminate the need for a two‑person lift by introducing an ergonomic, single‑operator solution that reduces the health and safety risks associated with the current lid design. Any new materials must be compatible with sulphuric acid, and no changes may be made to the tank dimensions.

Design objectives:
• Easy to handle
• Single‑person operation
• No changes to tank dimensions (modifications permitted)
• Lid design may be altered
• Overhead clearance required

[bookmark: _Toc220492782]1.3 Scope of the project.
This project focuses exclusively on redesigning the tank lid to reduce health and safety risks and eliminate the need for a two‑person lift. The scope excludes dimensional or material changes to the main tank, although minor modifications may be made to support the new lid design. The redesigned lid must integrate seamlessly with the existing tank and process to minimise production downtime and allow easy rollout across other tanks and company sites.









2. [bookmark: _Toc220492783]Key legislation considerations.
2.1 [bookmark: _Toc220492784]Health and Safety Regulations.
Health and safety regulations that may need to be considered within this design process are:
2.1.1 Manual Handling in the workplace.
· avoid hazardous manual handling, so far as reasonably practicable
· assess the risk of injury from any hazardous manual handling operations that cannot be avoided
· reduce the risk of injury from hazardous manual handling to as low as reasonably practicable. (HSE, 2019)
2.1.2 LOLER (Lifting operations and lifting equipment Regulations)
LOLER requires that all equipment used for lifting is fit for purpose, appropriate for the task, suitably marked and, in many cases, subject to statutory periodic 'thorough examination'. Records must be kept of all thorough examinations and any defects found must be reported to both the person responsible for the equipment and the relevant enforcing authority. (HSE, “Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) - HSE”)
2.1.3 PUWER (Provision and Use of Work Equipment Regulations)
PUWER requires that equipment provided for use at work is:
· suitable for the intended use
· safe for use, maintained in a safe condition and inspected to ensure it is correctly installed and does not subsequently deteriorate
· people who have received adequate information, instruction and training. (Health and Safety Executive, 2024)
[bookmark: _Toc220492785]2.2 Material Safety.
With the use of sulphuric acid within this process and the interaction of the lid within the process material choices will be a key consideration within the redesign to comply with health and safety. These include material compatibility and regulatory compliance.
2.2.1 Regulatory compliance.
REACH stands for Registration, Evaluation, Authorisation and Restriction of Chemicals. To comply with the regulation, companies must identify and manage the risks linked to the substances they manufacture and market in the EU. (European Chemicals Agency, 2018)
2.3 Testing and Validation.
Material choices will have to be tested to ensure compatibility and resistance to sulphuric acid exposure, also to determine any chemical degradation they will be tested at higher temperatures and over a period of time to determine how the material reacts over a prolonged exposure.

3. [bookmark: _Toc220492786]Specification.
[bookmark: _Toc220492787]3.1 Requirements of the customer.
The customer requires the lid to sit flush on the tank to avoid any spillages or interaction with the sulphuric acid when the tank is not in operation, for it be a single person lift with no further assistance required and for the tank to have a full clearance from above.
[bookmark: _Toc220492788]3.2 Design constraints.
The tank dimensions and material must remain as they are. Full clearance from above is a necessity so spatial awareness for any design ideas needs to be considered.
[bookmark: _Toc220492789]3.3 Material requirements.
The lid material needs to be resistant to sulphuric acid up to at least 30% as this in the concentration used. Also due to the use of heating elements to warm the acid the material needs to be thermally resistant and not mis-shape in these conditions. It also needs to comply with REACH regulations as stated above. 
[bookmark: _Toc220492790]3.4 Ergonomic considerations.
As stated the design needs to facilitate single person lifting so the introduction of lifting aids and/or handles these will all need to be ergonomically designed for safe operation. The need for an even weight distribution to avoid tipping or the use of excessive effort is essential.
[bookmark: _Toc220492791]4. Time plan for producing the product.
[bookmark: _Toc220492792]4.1 Gantt chart.[image: ][bookmark: _Toc220659179]Figure 2- Timeline of design and manufacture

[image: ][bookmark: _Toc220659180]Figure 3- Gantt chart for design and manufacture





[bookmark: _Toc220492793]5. Relevant research.
[bookmark: _Toc220492794]5.1 Overview of current system and existing lid design.
The current lid design poses a high risk for health and safety. There are difficulties placing the lid onto the tank properly meaning the risk of the lid falling into the sulphuric acid is elevated, it has handles situated on either end of a 1770mm long lid meaning one person lifting is impossible. While the weight of the lid is not specified the dimensions, thickness and material of the lid would likely exceed the recommended lifting limits for men and women shown in image 4 below.

[image: A diagram of a person and person

AI-generated content may be incorrect.]
[bookmark: _Toc220659181]Figure 4- Manual handling weights for men and women (Health and Safety Executive, “Manual Handling at Work: Simple Manual Handling Risk Filters - HSE”)







[bookmark: _Toc220492795]5.2 Additional research and resources.
[image: ]Below is a table outlining the advantages and limitations of various alternative material choices for the lid design. This along with the weight and manufacturing process of these materials will be used to decide which material choice is outlined in the final design.[bookmark: _Toc220659182]Figure 5- Alternative material research


The UK HSE Manual Handling guidance establishes the duty to avoid hazardous manual handling where reasonably practicable, assess residual tasks, and reduce risk “as low as reasonably practicable”—exactly the hierarchy your brief addresses by removing the two‑person lift requirement. (Health and Safety Executive, “Manual Handling at Work: Simple Manual Handling Risk Filters - HSE”)
Material compliance: If the lid is a polymeric article, the organisation’s chemicals management still sits under REACH duties for substances in articles and for any processing chemicals—ECHA and the Commission note industry responsibility to assess and manage risks, and to substitute hazardous substances where feasible. Your material choice (PP) is not itself a substance of very high concern, but the framework is relevant to procurement and HSE dossiers. (European Chemicals Agency, “Understanding REACH - ECHA”)
Multiple cross‑checked charts (industrial component suppliers and labware references) converge on good-to-excellent compatibility of PP with dilute to moderate H₂SO₄ at room temperature; they also reiterate PP’s melting point near 160 °C and general solvent resistance profiles—consistent with thermal stability around your tank temperatures (ISM Polypropylene Chemical Compatibility Chart)
For documenting general tolerances on moulded plastic parts, ISO 20457:2018 is the current international reference (confirmed in 2024), providing tolerance classes tied to nominal size ranges and allowing the use of ISO‑GPS tools for critical features. In European practice, DIN 16742:2013 is widely used and groups materials by shrinkage to select tolerance groups; it is often applied alongside ISO 20457. (ISO 20457:2018)








[bookmark: _Toc220492796]6. Annotated sketches of design concepts.
[bookmark: _Toc220492797]6.1Design 1- Existing lid with guided shelf with rollers and singular handle (hook and pull).
[image: A piece of paper with writing on it

AI-generated content may be incorrect.]
[bookmark: _Toc220659183]Figure 6- Design 1

[bookmark: _Toc220492798]6.2 Design 2- Existing material lid made into 3 lids and handles moved.
[image: A drawing on a piece of paper
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[bookmark: _Toc220659184]Figure 7- Design 2
[bookmark: _Toc220492799]6.3 Design 3-  A Polypropylene lid in 3 sections with handles on the top.
[image: A paper with writing on it
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[bookmark: _Toc220659185]Figure 8- Design 3

Below is a weighted decision matrix for the 3 design concepts outlining the key criteria of the designs and the weights carried based off the client brief. The designs are scored then multiplied by the weight carried giving a total figure. These are added together to give a total of the overall design concepts.
[image: ]
[bookmark: _Toc220659186]Figure 9- Weighted decision matrix

[bookmark: _Toc220492800]7. Final design CAD model.
Lid design placed on the tank.
[image: A black box with handles
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[bookmark: _Toc220659187]Figure 10- Final lid design showed on tank
[image: A black rectangular object with a handle
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[bookmark: _Toc220659188]Figure 11- Final lid design

[image: A grey rectangular object with a circle
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[bookmark: _Toc220659189]Figure 12- Top view of final lid design
[image: A screenshot of a computer
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[bookmark: _Toc220659190]Figure 13- Bottom view of final lid design
[image: A long metal object with a screw
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[bookmark: _Toc220659191]Figure 14- Left view of final lid design
 
[image: A black metal handle with a black circle
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[bookmark: _Toc220659192]Figure 15- Front view of final lid design


[bookmark: _Toc220492801]8. Technical drawings (BS8888) with material choices for the final design.
[bookmark: _Toc220492802][image: A blueprint of a rectangular object
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[bookmark: _Toc220659193]Figure 16- Technical drawings for final lid design

[bookmark: _Toc220492803]9. Material choices and tolerances.
[bookmark: _Toc220492804]9.1 Manufacturing processes for each component.
Keeping the design as a lid with no additional add-ons means that the manufacturing process is one single process. There are options with the use of polypropylene injection moulding and thermoforming. Both processes are outlined below. Included is also the tolerances for both processes and the shrinkage allowance for the material of choice Polypropylene.
[image: Diagram of a machine with text and words
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[bookmark: _Toc220659194]Figure 17- Injection Molding Process (Xcentric)
[image: Diagram of a diagram of a pressure thermoforming
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[bookmark: _Toc220659195]Figure 18- Thermoforming process (Barrett)

[bookmark: _Toc220492805]9.2 Tolerances.
“Injection molding tolerances generally has an acceptable range between ±0.1 and ±0.5 mm, depending on part geometry, material choice, and tolerance class). (Leo)
Thermoforming plastic tolerances generally range between ±0.5 mm plus or minus 0.5 mm ±0.5 mm and ±1.0 mm plus or minus 1.0 mm±1.0 mm for standard, small-to-medium parts (up to 300–400 mm), with precision often relying on the mold-side dimensions. Larger parts or complex shapes may require wider tolerances, while tighter, high-precision tolerances often require specialized, costly tooling and process controls. (Thermoforming Tolerance Guide)

Shrinkage allowance for Polypropylene:
[image: A table with numbers and letters
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[bookmark: _Toc220659196]Figure 19- Shrinkage allowance for PP (Nygatan)

[bookmark: _Toc220492806]10. Justification of design choice.
The design was chosen as the existing lid functions as intended and there are no concerns over its functionality the issue is from the manual handling. By changing the material of the lid to something that will still be chemically resistant to the sulphuric acid but be a lot lighter ensures that the issue with the manual handling is erased and ensures that the plant remains operation at all times. The lid still sits flush when placed onto the tank, but the built in stoppers underneath ensure that the lighter material remains in place and won’t slide off the tank. The lids are all the same design so they are easily interchangeable which means the business will not need to carry more stock than required as if one gets damaged it can be replaced easily.  The lids can be switched out when the plant is operational. Below is the weight differences for the lids. Going for a 3 lid approach ensures the weight remains below the max capacity of lifting for females and the size of the lids is manageable for one person ensuring that the role is suitable for everyone. This ensures equity and equality within the company and adheres to the customers brief. Polypropylene was chosen over the other alternative materials researched due to the manufacturing process of injection molding being better for complex thin walled objects and the tolerances during manufacture were smaller. The use of polypropylene by thermoforming process was also considered but the tolerances for manufacturing were higher than injection molding.

	Property
	Stainless Steel
	Polypropylene
	Difference

	Density (g/cm³)
	~7.9–8.0
	~0.9
	Stainless steel is ~8.8× heavier

	Material
	Density (g/cm³)
	Area (cm³)
	Weight for lid design  (kg)

	Stainless steel
	7.9
	9027
	71.3

	Polypropylene
	0.9
	6018
	5.4


[bookmark: _Toc220659197]Figure 20- Density and weight differences for material choices
[bookmark: _Toc220492807]11. Conclusion.
Redesigning the anodising tank lid successfully addresses the long‑standing health and safety concerns associated with the original stainless steel design. By opting for a polypropylene, three‑section lid system, the solution eliminates the current two‑person lift and significantly reduces manual handling risks. The new material provides full chemical compatibility with 30% sulphuric acid and maintains structural stability under process temperatures, fulfilling all key operational constraints. The design also supports compliance with relevant legislation requirements. The calculated weight differences show the substantial benefit of material substitution, reducing each lid segment to a safe, manageable weight for all staff, thereby improving equality of access to the task. The outcome is a practical, ergonomic, and scalable solution that can be integrated across multiple tanks and sites with minimal operational disruption. Overall, the project delivers a safer, more efficient lid system that meets both the customer brief and broader organisational needs.
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Material PTFE (Plastics)

PTFE lined carbon steel (Plastics) 

(Steel, 2025)

Alloy 20 (UNS N08020) (Steel, 

2025) (Davies, 2019)

Rubber lined carbon steel 

(Schwitzer, 2006) 

(Steel,2025)

Polypropylene (Schweitzer, 

2019)

Compatability with sulphuric acid Excellent at all concentrations

Chemical resistance provided by 

PTFE

Excellent for 20-40% sulphuric 

acid at ambient temperature

Good for <50% H2SO4 Fine at all concentrations

Temperature limits approx 260ºC approx 260ºC Approx 300 °C Typically <90ºC

Fine at the temperature 

specified

Advantages

Completely inert to H2SO4, no 

corrosion, no contamintation

Excellent service life if lining is 

maintained, mechanical strength 

provided bu the steel substrate

Designed for sulphuric acid 

environments and good 

mechanical strength

Traditional industry solution

Good tensile strength and 

stiffness, excellent fatigue 

resistance

Limitations Low mechanical strength Heavier than just a PTFE lid Expensive Lining damage risks leaks

Can not be solvent cemented 

so would need to be epoxy 

adhesived.
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Score Total Score Total Score Total

Feasibility 3 3 9 4 12 4 12

Cost 2 2 4 4 8 3 6

Efficacy 4 4 16 3 12 5 20

Sustainability 1 2 2 3 3 3 3

Health and Safety 5 3 15 3 15 5 25

Design 1 Design 2 Design 3

Criteria Weights

46 50 66 Total
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[Final Lid Design (3x lids of the same dimensions)
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Material Recommended Tonnage (per in%) Shrink Values Vent Depth (in.)

Acrylonitrile Butadiene Styrene (ABS) 004 - 008 0010 - 0020
ABS/Polycarbonate Blend (PC/ABS) 30-40 004 - .007 0015 - .0030
Acetal (POM) 30-40 020 - 035 0005 - 0015
Acrylic (PMMA) 30-40 002-.010 0015 - 0020
Ethylene Vinyl Acetate (EVA) 20-30 010- 030 0005 - .0007
Tonomer 25-35 003 - 020 0005 - .0007
High Density Polyethylene (HDPE) 25-35 015-.030 0008 - .0010
Low Density Polyethylene (LDPE) 20-30 015-.035 0005 - .0007
Polyamide - Nylon (PA) Filled 40-50 005 - 010 0003 - 0010
Polyamide - Nylon (PA) Unfilled 30-40 007 - 025 0005 - .0020
Polybutylene Terephthalate (PBT) 30-40 008 - 010 0005 - 0015
Polycarbonate (PC) 40-50 005 - .007 0010 - .0030
Polyester 25-35 006 - 022 0005 - 0010
Polyetheretherketone (PEEK) 40-50 010- 020 0005 - .0007
Polyetherimide (PEI) 30-40 005 - .007 0010 - 0015
Polyethylene (PE) 25-35 015-.035 0005 - .0020
Polyethersulfone (PES) 30-40 002 - .007 0005 - .0007
Polyphenylene Oxide (PPO) 30-40 005 - .007 0010 - 0020
Polyphenylene Sulfide (PPS) 35-45 002 - .005 0005 - 0010
Polyphthalamide (PPA) 35-45 005 - .007 0005 - .0020
Polystyrene (PS)
Polysulphone (PSU) 40-50 006 - 008 0010 - 0015
Polyurethane (PUR) 25-35 010- 020 0004 - 0010
Polyvinyl Chloride (PVC) 25-35 002 - 030 0005 - .0020
Thermoplastic Elastomer (TPE) 25-35 005 - .020 0008 - 0010
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