




Engineering Problem

Kiera Ryman
2404390

University of Wales Trinity Saint David
Engineering Academic Discipline
Beng Motorsport Engineering

ACHA4001
Engineering Design

03/04/2025

Word Count: 1959



Contents
1	Interpretation of the Client Brief	3
2	Key Legislation Considerations	4
3	Specification	5
4	Gantt Chart	7
5	Research with Mind mapping	8
6	Design Concepts	10
6.1	Design 1	10
6.2	Design 2	11
6.3	Design 3	12
7	Decision Matix	14
8	CAD Modelling	15
9	Technical Drawings	17
10	Manufacturing Processes	23
11	Justification	24
12	Further Work	25
13	Conclusion	26
14	References	27



[bookmark: _Toc194580063]Interpretation of the Client Brief
 The aim of this project is to redesign a removable cover for a tank used in an adonisation process. The current cover requires a 2-person lift and staff have complained that it is challenging to place correctly on the tanks. This difficulty is causing a health & safety hazard due to there being many tanks at the facility, and the risk of the cover being fitted incorrectly is high.
 There are also many objectives and constraints which must adhered to:
· The removal of the cover must be done by one person.
· The entire operation must be safe.
· The tank dimensions and material must remain the same (modifications can be made).
· There must be clearance from above, allowing space for the aluminium parts to be lowered.


[bookmark: _Toc194580064]Key Legislation Considerations
 Before any of the redesign process can begin, it is important to ensure that the project adheres to legal, environmental, safety and ethical standards. This means the key areas of legislation that must be researched.
 When redesigning the cover, it is important to consider how easy the load being lifted by a singular person will be to grasp. Loads that need to be lifted without handholds or handles can be difficult to grasp (Health and Safety Executive, 1992). Therefore, during the design process it is important to think about implementing a feature such as a handle or handhold.
 Looking at guidance about lifting loads, it is said that lifting a load can be made easier by adjusting the initial handling technique used. This could include pulling or sliding the weight before beginning the lift, ultimately meaning that the load is closer to the body, making it easier to lift (Health and Safety Executive, 1992).
 Guidelines state that there are no specific requirements regarding weight limits. However, when manual handling is required, the relevant risks should be determined and assessed (Health and Safety Executive, 1992).
 Guidelines also state that systems involving chemicals should be totally enclosed (Control of Substances Hazardous to Health Regulations 2002). This means that the redesigned lid should allow the top of the tank to be completely covered when refitted.

[bookmark: _Toc194580065]Specification
 Product specification provides details on specific areas of the entire project. This allows all areas that must be taken into consideration to be accounted for, ultimately reducing confusion and mistakes at later stages in the project.

Table 1 - Product Design Specification

[image: A list of products with text
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 Creating a design specification table means that the design process can now be carried out knowing which areas are more important to take into consideration. For example, it is clear that functionality is very important to achieve the best possible redesign of the cover. In contrast to this, aesthetic requirements are not mentioned in the client brief, meaning that this is an area that does not require as much consideration.

[bookmark: _Toc194580066]Gantt Chart
[image: A chart with numbers and a few months

AI-generated content may be incorrect.] A Gantt chart helps assess how long a project should take and displays this information in a visual manner that is easy to read. Organising the stages of a project in this way ensures that a project stays on schedule and that key tasks are completed in the correct order. Ultimately, it provides a time-focused plan that maximises the work that can be done over a time period (Geraldi and Lechter, 2012).Figure 1 - Cover Redesign Gantt Chart

 Each activity that must be completed within the project is assigned a time frame to be completed within. Each of these are essential for the completion of the tank lid redesign and cover different areas of the project:
 Planning: It is important to spend sufficient time interpreting the client brief and looking at key legislation, as well as completing a product specification to provide detail across the whole project.
 Research: Before any designing can begin, it’s important to conduct relevant research to generate design ideas. This includes looking at current products which are on the market to determine how to best solve the design problem.
 Design: Towards the end of conducting research, the design stage can begin. This includes generating ideas using various techniques such as mind mapping or SCAMPER; a process that can be used to generate design ideas.
 Implementation: After finalising a design, the product can be prototyped and eventually integrated into the system at the factory. This requires manufacturing the new cover after ensuring that the design solves all the issues raised in the client brief.
 Follow Up: It is important to follow-up after the completion of a project to ensure that the product development cycle continued. Any experiences and feedback can be shared to improve future projects.
[bookmark: _Toc194580067]Research with Mind mapping(Anglican Home, 2025)
(Pool Cover Marketing, 2023) 2025)
(Products Finishing, 2011)
Figure 2 - Automated Ideas Mind Mapping Design Process


















(Safe Options, 2025)
(Plastor, 2025a)
(Plastor, 2025b)
Figure 3 - Manually Operated Ideas Mind Mapping Design Process



[bookmark: _Toc194580068]Design Concepts
[bookmark: _Toc194580069]Design 1Figure 4 - Design 1 Concepts



 Design 1 features a folding cover design made of stainless steel. The pushing/pulling motion required allows the load of the cover to be easier to move, as per the Manual Handling Operations Regulations 1992 (Health and Safety Executive, 1992).

[bookmark: _Toc194580070]Design 2Figure 5 - Design 2 Concepts

 This design features a ‘rolling door’ as a cover made of sheet steel.  The automated design means that no manual handling is required, improving the design regarding health and safety.
 The design also tackles the issues of refitting the cover. The process is easier as the cover is never actually ‘removed’ from the tank.
[bookmark: _Toc194580071]Design 3Figure 6 - Design 3 Concepts

 Design 3 features the original cover spilt in two, meaning that the material used in the design in stainless steel. 
 The initial weight of the cover is reduced as each side is lifted individually and are smaller than the original cover. This complies with the Manual Handling Operations Regulations 1992 as it is suggested to reduce loads where possible when manual handling is required (Health and Safety Executive, 1992).

[bookmark: _Toc194580072]Decision Matix
 A decision matrix allows two or more variables to be analysed against different dimensions. This process reduces the number of possibilities that can be brought forward in a project (Popescu and Gîrboveanu, 2017).
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 From the design matrix, it can be determined that third design, figure 6, would be the preferred solution to the problem because it has the highest total score.
 When evaluating performance, the second design was superior as the solution easily allows the cover to be removed and refitted by one person, as well as allowing the process to be automated. However, this means that the design incorporates more electrical components, increasing the number of components that could fail and reduces the reliability of the design.
 The second design requires more manufacturing skills than the other two solutions. There are more components and moving parts that need to be manufactured specifically for the design. Designs 1 and 3 are superior in this section as they include more parts that can be bought.
 Aesthetic requirements aren’t covered in the assignment brief, however, as the materials used across the designs are similar, all the solutions have scored the same.
 Both the first and third design would be much quicker to produce due to being able to repurpose most of the existing cover design. This differs to the second design which would need to be manufactured completely from scratch, making it inferior to the other designs.
 Overall, the ideal solution to propose is the third design. Although the process to remove the cover won’t be automated, there can be an attempt to reuse the existing cover, and it can be operated by a single person due to the amount of weight being lifted being significantly reduced.

[bookmark: _Toc194580073]CAD Modelling
 With the chosen design solution, a CAD model can be created. This allows for assembly modelling, detailed 3D models and ensures functionality of the product (Sun, Luh, Zhao and Wei, 2024).

Figure 7 - CAD Assembly - Half Open, Half Closed










Figure 8 - CAD Assembly, Fully Open














Figure 9 - CAD Assembly - Fully Closed














Figure 10 - Interference Detection within CAD Assembly


 When producing the CAD model, it is important to ensure that any sketches used to make parts are fully defined and that the final assembly doesn’t contain any interferences, figure 10.  Doing this ensures that all parts are modelled correctly, and that the product will function correctly, ultimately ensuring that the redesign of the cover will be successful.


[bookmark: _Toc194580074]Technical Drawings
 The technical drawings include all the parts needed to make up the assembly, but only the parts that have been redesigned as per the client brief. The drawings include the cover, hinge, handle and hinge pin.
 The drawings include key information which is essential when manufacturing each of the parts. Figure 11 includes a BOM (bill of materials) which shows each of the individual parts, along with how many are required. Each drawing also includes the material, scale, tolerance standard and dimensions.
 The tolerances are included to BS8888 standard, which states that ISO 2768 should be used for general tolerances (British Standards Institution, 2011). The tables stating the permissible deviations has been used to create the tolerances seen in the drawings.

	Figure 11 - Assembly Drawing

Figure 12 - Cover Drawing


Figure 13 - Hinge Drawing


Figure 14 - Handle Drawing


Figure 15 - Hinge Pin Drawing

[bookmark: _Toc194580075]Manufacturing Processes
 After producing technical drawings, each of the components can be manufactured. To do this, various manufacturing processes are required.
 The cover can be repurposed and cut to fit the new design. This can be done in several ways. For example, using an angle grinder, a plasma cutter or a rotary tool. However, to produce the covers in higher volumes, as stated in the client brief, a waterjet cutter would be more suitable; a tool used in a manufacturing process that uses high-pressure water to cut stainless steel (Industrial Metal Service, 2025).
 The hinge and hinge pin designs are a resized version of a hinge that can be bought in (3D Content Central, 2025). Therefore, the hinges would not have to be manufactured in-house. Instead, it would be possible to talk to the manufacturing company and arrange a resizing of the parts.
 The handle can be manufactured from 300mmX30mmX2.5mm Mild Steel (metals4U, 2025). This means that the part can be bought in and cut to size. The pieces can then be welded together to create the handle shape.
 The hinges can be welded to the cover and tank to secure them to each other firmly. This allows for minimal modifications to be made to the tank, while still allowing for an easy way for everything to be attached and connected.

[bookmark: _Toc194580076]Justification
 Ultimately, the design chosen can be justified by looking at the process that led to it being selected.
 The design process began with mind-mapping, looking at many different design concepts and adaptations, eliminating the possibility of the ideas being brought forward being design persistent.
 After researching and mind-mapping, design concepts could be brought forward. Each of these were contrasting, indicating that a wide range of possibilities had been taken into consideration. These concepts were then placed into a decision matrix, which compares the qualities of each design.
 Placing the concepts in the decision matrix meant that the design was selected fairly and without bias. Multiple dimensions were compared, ultimately highlighting the preferred solution to be brought forward.
 The design also met and took into consideration points mentioned when looking at key legislation. This means that the design complies with guidance given by the health and safety executive. Therefore, the design is justified regarding health and safety.
 Overall, looking at the process leading to the CAD modelling, technical drawings and manufacturing process, the solution was chosen without being design persistent and without bias. This means that the solution proposed is the best possible redesign from the concepts that meets the requirements of the client brief.

[bookmark: _Toc194580077]Further Work
 If future work was to be conducted, there are a few things which could be altered to improve the design further.
 The design could be altered to include a lighter material, this would make the cover easier to lift and would guarantee that it could be operated by a singular person. However, the material chosen would have to withstand the sulphuric acid within the tank and not degrade due to this.
 The possibility of making the entire process automated could also be explored. This would decrease the number of health and safety hazards as this would mean that a load is no longer being lifted by a person.

[bookmark: _Toc194580078]Conclusion
 In conclusion, throughout a design project there are many processes involved which must be carried out to a professional standard. These include looking at legislation and carrying out the correct research, producing mind maps and design concepts, as well as producing CAD models.
 Carrying out all the processes correctly has allowed for a full redesign of the cover for the anodization tank. The requirements stated in the client brief have been met and the design has been justified.
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Time

~The new cover needs to implemented as
500 a5 possible.
- The entire project should take 3-4 months.

Target Market ~Singular staff member.
- Targeting design to be used by only
person, rather than two,

Function ~Product needs to remove the difficulty of

refitting lid correctly.

- Product must be able to be operated by
only one person.

- The removal and refitting must be able to
be done in a safe manner.

Design Constraints

~The tank dimensions and material must
remain the same.

- Some modifications can be made to the
tank,

- There must be clearance above the tank.

Size

“Design must fit dimensions of 1770mm.
(length), 1020mm {width), height (20mm)
to be able to it the tank properly.

‘Resthetics

~ Cover must be match with the colour and
shape of the tank.

- Material used should be similar/the same
as the tank.

Durability

~The cover should be designed to last for
many years as it needs to last in a factory
environment

-Any moving parts will need to be easily
replaceable in the event of part failure.

Materials

~The chosen material for the lid must be
able to withstand temperatures up to 25°C.
- The material must not corrode when it
comes into contact with sulphuric acid.

Safety

~The new design must solve the difficulty of
replacing the cover on the tank

- The cover must be easier to refit than the
current design.
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- Cover can match the colour of the tank,
however aesthetic requirements aren’t
mentioned. The material used could also be
similar.
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Cost

- As the cover is only being designed for the
factories, it isn’t necessary to design with a
target market price/cost as it will not be
competing with other products on the
market.

Environmental Issues

- Product needs to be design with
sustainability in mind.

- Materials should be selected with care —
the entire life cycle of the material should
be considered.

Manufacture - Cover will likely have manufacturing
volumes in the low hundreds.
- Cover should be able to be manufactured
as required.

Testing - Design should be tested against the

constraints that must be adhered to.
- The cover should be teste to see if it can

be operated be a singular person.
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Dimension Design 1 Design 2 Design 3
Performance 5 7 6
Cheapest 6 4 7
Quickest to produce 6 4 6
Least complex 6 4 6
Requisite manufacturing 6 5 5
skills possessed
Sustainable 7 7 7
Legal constraints 8 8 8
Aesthetics 4 4 4
Total 48 43 50
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