



1.Contents
2.	Introduction	3
3.	Review	4
4.	Research	5
4.1	Designs	5
4.2	Materials	6
Metals	6
Rubber	6
5.	Methodology	7
6.	Gantt Chart	9
7.	Results	10
8.	Analysis	12
8.3	Stainless steel tank	12
8.4	Removable Lid	14
8.5	Sliding system	19
9.	Conclusion	23
10.	References	24

Table Of Figures 
Figure 1-Removable Lid Idea 1	6
Figure 2-Removable Lid Idea 2	6
Figure 3-Removable Lid Idea 3	7
Figure 4-Gantt Chart	8
Figure 5-Complete CAD Model	9
Figure 6-Complete CAD Model (Lid Open)	10
Figure 7-Engineering Drawing of Complete Assembly	10
Figure 8- Tank Step 1	11
Figure 9-Tank Step 2	11
Figure 10-Tank Step 3	12
Figure 11-Tank Step 4	12
Figure 12-Engineering drawing of Tank	13
Figure 13-Removable Lid Step 1	13
Figure 14--Removable Lid Step 2	14
Figure 15--Removable Lid Step 3	14
Figure 16--Removable Lid Step 4	15
Figure 17-Removable Lid Step 5	15
Figure 18-Removable Lid Step 6	16
Figure 19-Removable Lid Step 7	16
Figure 20-Removable Lid Step 8	17
Figure 21-Removable Lid Engineering Drawing	17
Figure 22-Sliding system Step 1	18
Figure 23-Sliding system Step 2	18
Figure 24-Sliding system Step 3	19
Figure 25-Sliding system Step 4	19
Figure 26-Sliding system Step 5	20
Figure 27-Sliding system Step 6	20
Figure 28-Sliding System Engineering Drawing	21










[bookmark: _Toc194415075]

[bookmark: _Toc195301878]Introduction 
This report investigates the design and development of a safe, efficient, and user-friendly removable lid for a stainless-steel tank intended for use in a workshop setting where exposure to heated acidic substances is expected. The project aims to improve manual handling safety while complying with UK health and safety legislation, most notably the Health and Safety at Work Act (1974) and supporting regulations such as the Manual Handling Operations Regulations (1992) and the Control of Substances Hazardous to Health (COSHH) Regulations (2002).
The core objectives were to assess current lid handling risks, identify practical design improvements, and explore appropriate materials and mechanisms to solve the engineering problem given which was to redesign the tank lid to meet a certain criteria that could had sulfuric acid and could handle being heated. Three lid concepts were explored, each focusing on ease of use, reduced strain, and mechanical simplicity. Materials such as stainless steel and rubber were selected for their durability, resistance to chemical corrosion, and ergonomic properties. SolidWorks CAD models were used to visualise and refine the final concept, supported by a detailed Gantt chart and engineering drawings to demonstrate feasibility. The resulting design aims to reduce lifting effort, improve accessibility, and enhance user safety in acid-handling operations.


[bookmark: _Toc195301879]Review 

The primary legislation that needs to be complied with when working in the workshop is the Health and Safety at Work Act, 1974. The primary objective of this act is to provide a legal framework to promote, stimulate and encourage high standards of health and safety in places of work. It protects employees and the public from work activities. There are several Regulations which sit under this act which are designed to for the scenario of lifting the removable lid.  
The following regulations from British Safety Council (2023) and Balcon (2021) would be associated with the acidic tank with a removable lid:
· Manual handling Operations Regulations 1992 
· Workplace (Health, Safety & Welfare) Regulations 1992 
· Provision and Use of Work Equipment Regulations 1998 
· Lifting Operations and Lifting Equipment Regulations 1998 
· The Control of Substances Hazardous to Health (COSHH) Regulations 2002 
The primary regulation for this type of scenario is the manual handling operations regulations 1992 because it states that in the in the UK, the regulation offers guidance to employers, managers, and safety representatives on how to prevent, evaluate, and minimise the risk of injury associated with manual handling activities (Laing and Laing, 2019). 
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To improve the design and functionality of the removable lid, one potential improvement would be the installation of support arms, like those commonly used in vehicle boot mechanisms. These strut-style supports would serve to hold the lid securely in an open position, reducing the physical effort required to lift and maintain it manually. The advantage of this lies in its ability to simplify the lifting process and potentially enabling a single individual to open and support the lid safely, without additional assistance.
This modification not only enhances ease of use but also contributes to improved safety during operation, particularly in environments where manual handling poses a risk of strain or injury. Furthermore, the design is both mechanically straightforward and cost-effective. Support arms of this type are widely available on the market, making them easy to source, and their integration into the existing system would require minimal engineering complexity. 
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To enhance the accessibility and functionality of the removable lid, an alternative design involves replacing the lift-off mechanism with a pull-out drawer system. This idea would allow the lid or cover plate to slide out horizontally on heavy-duty drawer runners or linear rails, like those used in industrial storage units or tool cabinets. The advantage of this design is the reduction in manual lifting, which would greatly improve ease of use, especially when handling large or heavy components. By implementing a pull-out mechanism, the system becomes much more user-friendly, requiring minimal physical effort to access the contents beneath the lid. This can also improve operational efficiency, as it enables a single individual to open and close the unit safely without the need for additional assistance. From a safety point of view, it helps to minimise the risk of strain or injury often associated with vertical lifting tasks. In addition to its practical benefits, the drawer-based design is relatively simple to manufacture and can be constructed using standard components, such as ball-bearing slides or telescopic rails.
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[bookmark: _Toc195301883]Metals 
One of the primary type of materials that would suit the removable lid and the possibly for the components are metals. Metals are substances that have shiny appearance and are good conductors of heat which helps with that fact that the tank is heated up to 25 degrees Celsius. They also have a long lifespan making them durable, and they are cost effective making them relatively affordable. One of the metals that could be used for this redesign would be stainless steel. The reason being that it has a high heat resistance, but it also is resistant to many acids which is perfect for this scenario. Also, another metal that could be used it cast iron because it also has a effective heat resistance however requires coating for this scenario but is relatively lower cost than stainless steel. 
[bookmark: _Toc195301884]Rubber
Another material well-suited for the handle of the removable lid is rubber. Known for its elasticity, rubber is a polymer made primarily from isoprene and is often derived from the sap of specific tropical plants. It can be processed into sheets and dried for use. Rubber offers strength, flexibility, stretchability, and excellent heat insulation, making it an ideal choice for this application (Gent, 2020).
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[bookmark: _Toc195299368]Figure 1-Removable Lid Idea 1
This first design was chosen because it uses the same design as a car boot when keeping the boot open. This makes opening the lid easier and more safer for the user. Also, as the handle of the lid is put on the side it make lifting and closing the lid more effective than the handle being on the front. 
[image: A paper with a drawing on it

AI-generated content may be incorrect.]
[bookmark: _Toc195299369]Figure 2-Removable Lid Idea 2
The second design was chosen because it uses a simple sliding system to open and close the lid. With this design it is similar to a drawer storage unit where you have to pull to open the lid then push the to close the lid. Also, with this design it also contains slabs for the lid to rest on so while you are taking out material or inserting it the lid can rest on the tank but it also making the user require less effort to put the lid back on. 
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[bookmark: _Toc195299370]Figure 3-Removable Lid Idea 3
This third and final design was chosen because similarly it is like the second design but instead of the lid being pulled open as one piece the lid splits open pulling half the lid to one side and the other to the other side. This design is effective by reduce the weight of the lid entirely making opening and closing the lid require minimal effort. It also uses rails instead of the second design so the lid will stay level with the top of the tank. This design also includes an extra platform for better stability of the lid. 
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The Gantt chart below outlines the project timeline from the end of April through mid-May 2025, illustrating the structured planning and sequencing of each phase within the design and development process. The overall project is broken down into six key tasks: Research, Design Ideas, Final Design, Manufacturing Process, Fault Finding, and Final Product. Each task is visually represented by a coloured bar, clearly indicating its duration and start-end dates.
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[bookmark: _Toc195299371]Figure 4-Gantt Chart
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This section will show the final design for the problem that the engineers have been given and a BS8888 engineering drawing. This design has been chosen because it is simple and easy to create and also simple to use making removing the lid much easier but more importantly safer for the user. The design allows the user to pull the lid out whilst resting the lid on the floor at an angle so when it comes to putting the lid back on it requires less effort. The material that is used for the tank and the removable lid will still be stainless steel as it is resistant to the acid liquid and has a high heat resistance. In addition, rubber was used for the handle as it allows for better grip and is a heat insulator so the users hands do not burn. 
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[bookmark: _Toc195299372]Figure 5-Complete CAD Model
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[bookmark: _Toc195299373]Figure 6-Complete CAD Model (Lid Open)
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[bookmark: _Toc195299374]Figure 7-Engineering Drawing of Complete Assembly
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In this section of the report it will analyse the steps used to make each of the components in the CAD software called SolidWorks and for the overall final assembly of the idea that was chosen it will include an engineering drawing of each of the components.
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[bookmark: _Toc195299375]Figure 8- Tank Step 1
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[bookmark: _Toc195299379]Figure 12-Engineering drawing of Tank
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[bookmark: _Toc195299380]Figure 13-Removable Lid Step 1
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[bookmark: _Toc195299381]Figure 14--Removable Lid Step 2
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[bookmark: _Toc195299382]Figure 15--Removable Lid Step 3
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[bookmark: _Toc195299383]Figure 16--Removable Lid Step 4
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[bookmark: _Toc195299384]Figure 17-Removable Lid Step 5
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[bookmark: _Toc195299385]Figure 18-Removable Lid Step 6
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[bookmark: _Toc195299386]Figure 19-Removable Lid Step 7
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[bookmark: _Toc195299387]Figure 20-Removable Lid Step 8
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[bookmark: _Toc195299388]Figure 21-Removable Lid Engineering Drawing 
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[bookmark: _Toc195299389]Figure 22-Sliding system Step 1
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[bookmark: _Toc195299390]Figure 23-Sliding system Step 2
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[bookmark: _Toc195299391]Figure 24-Sliding system Step 3
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[bookmark: _Toc195299392]Figure 25-Sliding system Step 4
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc195299393]Figure 26-Sliding system Step 5
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[bookmark: _Toc195299394]Figure 27-Sliding system Step 6
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[bookmark: _Toc195299395]Figure 28-Sliding System Engineering Drawing
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The final design for the removable lid successfully addresses the key challenges of manual handling, safety, and material compatibility in a corrosive, high-temperature environment. By adding a sliding mechanism and the use of different materials like rubberised handles, the solution minimises physical strain on users while maintaining operational simplicity and durability.
Stainless steel was selected as the primary material due to its high resistance to heat and acid exposure, making it ideal for the tank and lid. Rubber, used in the handle, adds heat insulation and grip for safe handling. Of the three proposed design concepts, the chosen model allows the lid to be slid open horizontally and rested securely at an angle—enabling safer, single-person operation.
The design aligns with key UK safety regulations, particularly the Manual Handling Operations Regulations (1992), by reducing the risks associated with lifting heavy or awkward components. The engineering drawings and CAD modelling confirm that the solution is both practical and cost-effective. Overall, this project demonstrates a thoughtful balance of safety, function, and manufacturability, offering a robust solution to the handling challenges posed by the acidic tank system.
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