Introduction 
This project aims to improve the safety and usability of the anodization tank lid used in an automotive manufacturing facility. The current 5mm stainless steel lid requires a two-person lift, posing a health and safety risk. Staff have reported difficulties in handling the lid, prompting a need for redesign. The solution must allow single-person operation while maintaining the tank’s dimensions and materials. Modifications to the lid and tank design are permitted, provided there is sufficient overhead clearance for part loading. A practical, scalable solution is required due to widespread use across multiple sites.

Legislations
When redesigning the anodization tank lid, several significant health, safety, and manufacturing legislation issues must be considered. Below are relevant UK and EU laws.

1. Health and Safety at Work etc. Act 1974 (HSWA)
Employers have a duty of care to employees' health and safety.

The existing tank lid requires a manual handling, where the lid's weight is hazardous, and redesign is necessary to meet Section 2(1) of HSWA.

Reference: Health and Safety at Work etc. Act 1974, c. 37. 
www.legislation.gov.uk

2. Manual Handling Operations Regulations 1992 (MHOR)
This regulation necessitates employers to minimize the risk of injury through manual handling activities.

The solution An ergonomic design is needed to comply with Regulation 4(1) since the lid is currently lifted by two people.

Reference: Manual Handling Operations Regulations 1992 (SI 1992/2793).

3. Provision and Use of Work Equipment Regulations 1998 (PUWER)
Work equipment (tanks and lids) should be safe to use, properly maintained and suitable for task execution.
The new design must prevent the risk of putting or taking off the lid in a manner that subjects it to risk.

Reference: Provision and Use of Work Equipment Regulations 1998 (SI 1998/2306).

4. Control of Substances Hazardous to Health Regulations 2002 (COSHH)
The process of anodisation uses 30% sulphuric acid, which is dangerous.

All changes should be designed to ensure the lid is a suitable container for vapours and to prevent accidental exposure.

Reference: Control of Substances Hazardous to Health Regulations 2002 (SI 2002/2677).

5. The Lifting Operations and Lifting Equipment Regulations 1998 (LOLER)
If the new lid includes mechanical assistance (e.g., a hinge or hoist mechanism), it will need to comply with LOLER.

Reference: Lifting Operations and Lifting Equipment Regulations 1998 (SI 1998/2307).

Specification for Tank Cover Redesign
1. Functionality – Must securely cover the tank, be operable by one person, and ensure correct placement.
2. Material – Corrosion-resistant and lightweight (e.g., aluminum or composite). All components must be durable and food-safe if required.
3. Safety – Must comply with Manual Handling Regulations 1992, eliminate heavy lifting risks, and include fail-safes if mechanical aids are used.
4. Usability – Intuitive, ergonomic, and effortless to operate with minimal training.
5. Compatibility – Must fit existing tanks without modifying their dimensions; allow clearance for aluminum parts.
6. Manufacturing – Cost-effective for low-hundreds production, easy to produce, assemble, and retrofit.
7. Durability & Maintenance – Minimum 5-10 years lifespan, resistant to chemicals and environmental conditions, with low maintenance needs.
Time Plan for Producing the Product
A time plan outlines the steps involved in developing and manufacturing the redesigned tank cover, including estimated timeframes for each phase. It helps ensure the project stays on schedule and identifies critical milestones.
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Key Considerations
· If modifications are needed after testing, allow extra time for revisions.
· Production lead time depends on material sourcing and manufacturing complexity.
· If a lifting mechanism is included, additional time may be needed for regulatory approvals.
Applicable Research for Redesign of Tank Cover
1. Lifting Mechanisms
To enable movement without compromising weight

Gas struts assist in lifting and lowering

Spring-assisted hinges provide extra lift support 

Counterbalance systems reduce lifting effort

Ergonomically placed handles improve grip and reduce strain
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2. Ergonomics & Usability
Enhancing usability

Position of handle should minimize bending and reaching 

Lift height should be in accordance with ergonomic guidelines

Mechanical advantage tools like levers or pulleys reduce lifting effort
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3. Manufacturing Feasibility
Scaling the design

Spring hinges and gas struts are easy to procure and fit 

Pre-made components like hinges and pulleys reduce production cost

Pulley or lever-type mechanical devices are cheap and easy to implement

References

Kalpakjian, S., & Schmid, S.R., 2018. Manufacturing Engineering. Pearson.

Groover, M.P., 2020. Modern Manufacturing. Wiley.

Gibson, R.F., 2016. Composite Material Mechanics. CRC Press.

Design concept
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[image: ][image: ][image: ][image: ]The lid is designed with a split-lid configuration to make it easier to carry, and also a top lip that enables the lid to shut tightly over the bin. Additionally, slots in the lid configuration help to keep things in proper alignment. However, despite the split design, opening the lid still demands a lot of effort by hand. The steel content makes the lid extremely heavy, which is unsafe for one person to lift. While the design is functional and straightforward in concept, it is impractical in reality due to the excessive weight, which is unrealistic to assume that one individual can handle safely.

Design 2
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This design just cant work unless some sort of actuator gets implemented, like a pressurized gas cylinder or a hydraulic, this is simply due to the weight of the lid again.
[image: ][image: ]This design employs a hinge mechanism similar to those found in sofa beds, giving a highly functional and effective way of lifting the lid. The hinge offers a way of keeping the lid perfectly horizontal when opening it, preventing tilting or instability. As the container is opened, the hinge swings back the lid behind the tank, opening a spacious, unobstructed space where items can be easily dropped or lowered into the tank. 
The thoughtful design dispenses with lifting the lid or otherwise moving it to enter the tank, rendering the process much less troublesome. The smooth, guided motion of the hinge makes the lid move smoothly with little effort, enhancing the functionality and ease of use of the arrangement. The system not only increases usability but also maximizes accessibility since it keeps the lid out of the way, leaving more space to work and minimizing the strain normally caused by lifting heavy or cumbersome lids.

Design choice
Design 3 is the best candidate out of all 3 so far, it makes the lid easier to move and doesn't have much complexity, however it could pose some safety risk due to the large high tension spring located on the hinge, to make this design safer and more effective, an alternative leverage must be implemented

Final design
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The end design enhances the strengths of Design 3 and corrects its safety concerns using a gas strut instead of the high-tension spring. This is an enhancement in usability because it provides smooth, controlled motion when opening and closing the lid, reducing  the likelihood of jerky movement or over force. The gas strut helps in lifting, allowing one person to easily open the lid without sacrificing stability and balance. In addition, the system keeps the lid securely in place when opened, preventing accidental closure. Through the inclusion of a gas strut, the design significantly improves safety, reduces physical effort, and offers a helpful, low-complexity solution that is suitable for mass application on different sites.

Technical drawings
Parts designed in total -5
Parts altered –2 

Designed parts
Swing arm 1
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Swing arm 2
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Piston bottom half
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Piston top half
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Piston full
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Full assembly drawing
[image: ] all tolerances are = - 0.05MM

Manufacturing parts
The process of manufacturing the redesigned system involves precision machining as well as welding for secure coupling. The two aluminum swing arms, each being 2 cm thick, are CNC-machined from solid aluminum billets to get the accurate dimensions and smooth operation. The four aluminum pivots are also CNC-machined to exact tolerances to ensure a smooth fit and low friction while moving. Meanwhile, the steel tank and lid undergo welding to join mounting brackets for the swing arms and the gas struts. The TIG-welding is done on the brackets onto steel components to ensure hard, durable joints that will stand repeated use. Once all the pieces are manufactured, the parts are assembled and secured with the swing arms and pivots bolted to them. The gas strut is then installed, allowing for controlled and simple operation of the lid. A final inspection and testing procedure ensures proper alignment, smooth operation, and safety compliance before deployment.
Justifications for Design Decision
The ultimate design of the anodization tank lid achieves optimal safety, usability, manufacturability, and UK compliance.

1. Material Selection
the steel Steel Lid was Maintained because of strength and chemical resistance (HSE, 2021).

Aluminum Swing Arms & Pivots: Chosen because of light strength and corrosion resistance (Gibson, 2016).

2. Gas Strut Mechanism
Replaces a high-tension spring for smooth, controlled movement and injury prevention (Shigley et al., 2020).

Supports Manual Handling Regulations 1992 by reducing lifting strain (HSE, 2021).

3. Hinged Swing Arm System
Eases ease of use, reducing manual strain and vulnerability to instability (Pheasant & Haslegrave, 2016).

Fixed lid mounting prevents damage and improves handling.

4. Mounting Brackets & Welded Attachments
TIG-welded brackets allow a durable, secure framework (Kalpakjian & Schmid, 2018).

Bolted pivots offer smooth operation with minimal maintenance.

5. Manufacturing & Cost-Effectiveness
CNC machining allows precision and repetition (Groover, 2020).

Pre-fabricated gas struts minimize maintenance and expenses.

Scales down to low-hundreds production (Gibson, 2016).

Conclusion
This redesign enhances safety, usability, and longevity while still meeting UK safety regulations. Smooth motion, minimized strain, and greater efficiency are achieved through the gas strut-assisted hinge. Aluminum pivots and swing arms minimize system weight, and welded brackets offer strength. Cost-effective, scalable, this redesign is appropriate for widespread application.
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Conclusion
The redesigned anodizing tank lid significantly improves safety, convenience, and efficiency while being still fully compliant with UK health and safety regulations. The redesign eliminates the heavy, manually operated lid with a gas strut-actuated hinge mechanism, facilitating single-handed simple operation and reducing the possibility of injury.

Among the key design choices are the retention of the steel lid for durability and the inclusion of aluminum swing arms and pivots to save weight and enhance resistance to corrosion. A gas strut mechanism provides smooth, controlled movement, reducing shock lid action and enhancing ergonomic safety. Hinged swing arms minimize the need for direct lift, thus placing less pressure on employees.

Manufacturing efficiency was also taken into consideration. The aluminum components machined on CNC provide precision and repeatability, and TIG-welded steel brackets provide structural strength. Off-the-shelf gas struts reduce costs and maintenance. The design proves to be cost-effective for mass deployment in multiple locations, with scalability as a thought process.

By the inclusion of ergonomic principles, high-duty materials, and economical manufacture, this solution enhances place of work safety, reduces working effort, and meets the relevant law including the Health and Safety at Work Act 1974 and the Manual Handling Operations Regulations 1992. The final product is an operable, long-term solution that offers safer and more productive anodizing processes.
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Phase B Tasks: B Duration B

1. Research & Planning Review client requirements, safety regulations, and material options 2weeks
2. Concept Development _ Create multiple design concepts, sketches, and feasibility studies 3weeks
3.Design & Engineering _ Develop CAD models, perform FEA analysis, and finalize the design A weeks
4. Prototyping Manufacture prototype using CNC machining/3D printing 3weeks
5. Testing & Evaluation Perform weight, strength, and usability tests, refine design if needed 4 wesks
6. Final Design Approval _ Create technical drawings (B58888), BOM, and finalize material choices 2weeks
7. Manufacturing Preparation Source materials, confirm production methods, prepare assembly instructions 3 weeks
8. Mass Production Manufacture first batch (low-hundreds), implement quality control checks 6 weeks

9. Installation & Training

Deliver and install covers,

in staff on usage 2weeks
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