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[bookmark: _Toc232375917][bookmark: _Toc232376220]Introduction 
This report focuses on the design and development of a polymer mobile phone case suitable for mass production. The objective of the project is to create a durable, lightweight, and cost-effective phone case that provides effective protection for a phone while being optimised for manufacture using injection moulding. The design aims to apply Design for Manufacture (DFM) and Design for Assembly (DFA) principles to improve production efficiency, reduce manufacturing costs, and ensure consistent product quality.
The case must protect the device from everyday damage, such as impacts, scratches, and wear, while maintaining accessibility to buttons, ports, speakers, and the camera. Key challenges associated with the design include achieving sufficient strength and durability while minimising material usage, maintaining dimensional accuracy, reducing manufacturing defects, and ensuring the product can be produced efficiently in large quantities. Material selection is also a critical factor, as the chosen polymer must provide an appropriate balance between performance, cost, manufacturability, and sustainability.
To address these challenges, a range of engineering design and analysis methods have been. Quality Function Deployment (QFD) is used to translate customer requirements into technical specifications, while Failure Mode and Effects Analysis (FMEA) is used to identify potential design and manufacturing risks. The phone case is modelled using CAD software and evaluated using injection moulding simulations to analyse material flow, cooling behaviour, weld lines, and air traps. Finite Element Analysis (FEA) is also conducted to assess structural performance and durability. In addition to this, cost calculations and sustainability considerations are included to evaluate the economic and environmental viability of the final design. Together, these methods provide a detailed assessment of the phone case and its suitability for large-scale production.
[bookmark: _Toc232375918][bookmark: _Toc232376221]Literature review 
The successful design of a consumer product requires consideration of both product performance and manufacturing efficiency. Design for Manufacture (DFM) and Design for Assembly (DFA) are widely used engineering approaches that help achieve these objectives. DFM focuses on simplifying the manufacturing process by selecting suitable materials, reducing part complexity, and minimising production costs and defects. DFA complements this by ensuring products are easy to assemble through reducing the number of components, simplifying assembly operations, and improving product reliability. Together, these methodologies help improve product quality while reducing manufacturing time and cost.
For polymer consumer products such as phone cases, injection moulding is one of the most commonly used manufacturing processes. Injection moulding is well-suited to high-volume production because it offers fast cycle times, good dimensional accuracy, and the ability to produce complex shapes with minimal waste. The process involves injecting molten polymer into a mould cavity, where it cools and solidifies into the desired shape. Compared with alternative manufacturing methods such as casting, injection moulding provides greater repeatability and production efficiency, making it the preferred choice for mass-produced plastic components.
A variety of engineering tools can be used to support product development and manufacturing decisions. Quality Function Deployment (QFD) helps translate customer requirements into measurable engineering specifications, ensuring that design decisions align with user expectations. Failure Mode and Effects Analysis (FMEA) is used to identify potential failures and assess their impact on product performance and manufacturing quality. Design of Experiments (DOE) provides a structured method for investigating the influence of process variables and optimising manufacturing conditions. Computer-aided engineering tools, such as Fusion 360 injection moulding simulations, can be used to analyse material flow, cooling behaviour, weld lines, and air traps before production begins. In addition, Finite Element Analysis (FEA) enables engineers to evaluate stress distribution, deformation, and structural performance under loading conditions. Together, these tools support a systematic design process that improves product quality, manufacturability, and overall production efficiency.
[bookmark: _Toc232375919][bookmark: _Toc232376222]Definition of customer requirements
Customer requirements are the specific needs, expectations, and preferences that a customer wants in a product. These requirements guide the design and development process to ensure the final product satisfies the user by providing the desired features, quality, and performance. For this design of a phone case, protection, usability, and style are all features to be considered. Customers typically expect a case that can effectively protect their phone from drops, scratches, and everyday wear while maintaining a slim and lightweight feel. The case should provide easy access to buttons, ports, and features such as the camera and charging points. Durability and good grip to prevent slipping are important factors to consider that influence customer satisfaction. 
[bookmark: _Toc232375920][bookmark: _Toc232376223]Clients design criteria 
1.) Manufacturability: The design must be suitable for high-volume production.
2.) Defect Mitigation: Mould/die designs must minimise defects such as warping, air pockets, or stress concentrations.
3.) Material and Cost Efficiency: The design must balance material performance with cost effectiveness and demonstrate clear cost analysis. 
4.) Sustainability: Recyclable materials and energy-efficient processes must be prioritised.
[bookmark: _Toc232375921][bookmark: _Toc232376224]Performance Attributes 
· Durability – The ability of the phone case to withstand long-term use without cracking, breaking, or wearing down. This includes resistance to everyday damage such as scratches, bending, and environmental factors like heat or moisture. A durable case ensures a longer lifespan and consistent protection over time.
· Impact Resistance – The capacity of the case to absorb and disperse shock during drops or impacts, protecting the phone from internal and external damage. Can include features such as shock-absorbing corners or layered construction.
· Lightweight Design – The case should add little weight, so the phone remains comfortable to carry and use. A lightweight design improves portability while still maintaining strength and protection, making it suitable for everyday use without inconvenience.
· Grip – The ability of the case to provide a secure and non-slip surface, reducing the likelihood of accidental drops. This can be achieved through textured finishes, rubberised materials, or ergonomic design that improves handling and user confidence.
· Accessibility – Ensures that all buttons, ports, cameras, and features of the phone are easy to use without obstruction. This includes precise cut-outs and compatibility with accessories like chargers and headphones, allowing full functionality of the device.
[bookmark: _Toc232375922][bookmark: _Toc232376225]QFD (Quality Function Deployment)
Quality Function Deployment (QFD) is a method used to translate customer requirements into specific technical features during the design and development of a product. It helps engineers understand what customers want and ensures these needs are met at every stage of production.  QFD prioritises customer expectations and links them to design decisions. Overall, ensuring the final product effectively meets customer needs and preferences. In Figure 1, the QFD tool used is the House of Quality. This is a matrix that outlines the customer “wants” and how the company will accommodate these. (IFM, 2016)
[image: ]
[bookmark: _Toc232376004]Figure 1: House of Quality Matrix
[bookmark: _Toc232375923][bookmark: _Toc232376226]DOE (Design of Experiments)
Design of Experiments (DOE) is a structured quality tool used to analyse how different factors affect the performance of a product. Instead of changing one thing at a time, it looks at several variables together to understand what really makes a difference. This helps to find the best combination for improving quality and performance. By using DOE, companies can solve problems promptly, reduce mistakes, and save on costs while making better decisions based on real results. (Murray, 2026) The DOE table shown in Figure 2 evaluates the effect of three factors on producing the phone case. The factors and their unit ranges are:
· Injection temperature: 80-120°C (A)
· Injection pressure: 50-150 MPa (B)
· Cooling time: 10-40 seconds (C)

[image: ]
[bookmark: _Toc232376005]Figure 2:  DOE Table (Simulation, 2026)
The results from the DOE analysis show that injection temperature (A) has the greatest influence on the process, contributing 63.7%. It also shows that increasing the temperature significantly improves the quality of the phone case. Injection pressure (B) is the second most important factor, also with a positive effect on performance. The interaction between temperature and pressure (A+B) is important, indicating that both factors should be optimised together. On the other hand, cooling time (C) has a negative effect on the process, suggesting that higher cooling times reduce performance and should be controlled. Therefore, a faster cooling rate would be preferred.

[bookmark: _Toc232375924][bookmark: _Toc232376227]FMEA (Failure Mode and Effects Analysis)
FMEA (Failure Modes and Effects Analysis) is a structure used to identify and prevent potential problems in a product. It works by analysing possible failure modes, their causes and their effects on performance or safety. Each risk is then rated based on its severity, likelihood of occurrence, and ability to detect the problem. This provides a Risk Priority Number (RPN).
The main purpose of FMEA is to reduce risks, improve reliability, and enhance quality by addressing the most critical issues first. Commonly used to improve the quality and safety of the product. (IFM, 2024)
The FMEA shown in Figure 3 lists the functions of the phone case and how potential failures can be mitigated. 
[image: ]
[bookmark: _Toc232376006]Figure 3: FMEA Table
[bookmark: _Toc232375925][bookmark: _Toc232376228]Design for Manufacture (DFM)
DFM is an engineering approach used to design products in a way that makes them easy, efficient, and cost-effective to manufacture. It focuses on simplifying the design by reducing the number of parts, using suitable materials, and choosing processes that are practical for production. By considering manufacturing early in the design stage, DFM helps to minimise production costs, reduce waste, improve quality, and avoid potential manufacturing problems. Overall, it ensures that a product can be produced reliably while maintaining performance and meeting design requirements.
For an injection moulded phone case, selecting suitable materials plays an important role in DFM strategies. A material that flows easily into the mould and cools properly without defects is an essential factor. In addition to this, the design should include uniform wall thickness to prevent warping and ensure even cooling, as well as appropriate draft angles to allow the case to be removed easily from the mould. Features such as sharp corners should be avoided or rounded to improve material flow and reduce stress points. Moreover, minimising complex features and undercuts helps reduce tooling complexity and manufacturing time. Overall, applying DFM principles ensures the phone case can be manufactured reliably with high quality while reducing waste, defects, and production costs. (Page, n.d.)
Manufacturing Efficiency:
Minimum theoretical manufacturing time / actual manufacturing time x 100
Assumption: Ideal process =25 seconds
                       Actual process = 35 seconds
(25 / 35) x 100 = 71.4%
[bookmark: _Toc232375926][bookmark: _Toc232376229]Design for Assembly (DFA)
DFA is a design structure that focuses on creating products so they are easy and efficient to assemble. It aims to reduce the number of parts, simplify the assembly process, and minimise the time and cost required to form a product. By designing components that fit together easily and require fewer tools or adjustments, DFA helps improve production speed, reduce errors, and increase overall quality.
For an injection moulded phone case. DFA principles are met by ensuring the buttons, air-vents, charger slot and camera cut-outs are all located in the correct places, confirming self-aligned parts are met. Furthermore, the phone case will display features of snap-fit edges, allowing the case to be easily fitted onto the phone without the need for tools or additional fasteners. DFA methods also ensure that the case can be aligned and installed correctly with minimal effort, reducing errors during production and improving consistency. Overall, applying DFA to this phone case it helps make it easier to manufacture, assemble, and use while keeping costs low and quality high. (Moultrie, 2014)
[bookmark: _Toc232375927][bookmark: _Toc232376230]Lucas Method Table 
In DFA, the Lucas table Method can be used as a tool to evaluate how easy a product is to assemble. The method involves listing all the parts of a product in a table and assessing them based on whether they are essential and how easy they are to handle and fit together during assembly. The purpose of this method is to identify:
· Unnecessary (non-essential) parts that could be removed
· Parts that are difficult to handle or assemble
· Opportunities to simplify the design
By analysing this information, an efficiency score can be calculated, showing how well the product has been designed for assembly. Furthermore, it helps to highlight potential parts that can be removed or modified before the manufacturing stage. (Masin, 2014)
	Part
	Essential part (A)
	Handling difficulty (B)
	Fitting difficulty (C)


	Main case body
	Yes
	Low
	Low

	Ventilation slots
	Yes
	Low
	Low

	Internal lining
	No
	Medium
	High

	Snap fit fasteners
	Yes
	Medium
	Medium

	Reinforced corners
	No
	Low
	Medium

	Access points
	Yes
	Medium
	Low


[bookmark: _Toc232376007]Figure 4: Lucas Method Table
Efficiency score
Total parts = 6 
A=4
B=2
Design efficiency= A / (A + B) x 100
4 / (4 + 2) x 100 = 66.7%
[bookmark: _Toc232375928][bookmark: _Toc232376231]Design and Development
[bookmark: _Toc232375929][bookmark: _Toc232376232]3D CAD model
The mobile phone case was modelled using the Fusion 360 AutoCAD software. A single-piece design that includes several key functional features. It has a main protective body that wraps around the back and sides of the phone, providing overall protection. There is a camera cut-out to accommodate the camera module, along with button cut-outs along the side to allow easy use of the phone’s controls. At the bottom, the design includes port cut-outs for the charging and speakers with ventilation holes. The case also features raised edges around the front and camera area to help protect against scratches when placed on surfaces. Additionally, the flexible side walls and snap-fit edges allow the case to be easily fitted onto the phone while maintaining a secure hold. This design combines protection, accessibility, and ease of use to meet all of the customer requirements. 
[image: ]
[bookmark: _Toc232376008]Figure 5: CAD Model
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[bookmark: _Toc232376009]Figure 6: CAD Model
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[bookmark: _Toc232376010]Figure 7: CAD model
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[bookmark: _Toc232376011]Figure 8: CAD Drawing
[bookmark: _Toc232375930][bookmark: _Toc232376233]Material selection
Material selection is an important part of designing a phone case because it affects how well the case works and feels to use. The material needs to be strong enough to protect the phone from drops and scratches, but also light and comfortable to hold. By carefully selecting the material, the phone case can provide good protection while still being practical and appealing for everyday use.
[bookmark: _Toc232375931][bookmark: _Toc232376234]Material Comparison 
[bookmark: _Toc232375932][bookmark: _Toc232376235]Thermoplastic polyurethane (TPU)
Thermoplastic polyurethane (TPU) is a widely used material for phone cases due to its effective balance of flexibility and strength. It combines the softness of silicone with the durability of hard plastics, making it well-suited for everyday protection. TPU is resistant to scratches, oils, and general wear, helping the case maintain its condition over time. Its strong shock-absorbing properties allow it to protect the phone from drops and impacts, while its slightly textured surface provides a secure, non-slip grip to reduce accidental drops. Additionally, TPU is lightweight and flexible, making cases easy to install and remove while still ensuring a snug fit around the device.
From a design perspective, TPU offers a good balance between performance, cost, and sustainability. It provides reliable protection and durability while remaining inexpensive to manufacture, particularly through injection moulding, making it suitable for mass production. TPU can also be recyclable and generates less waste when used as a single material, supporting more sustainable design practices. Overall, TPU is a practical and efficient material choice, offering comfort, protection, and cost-effectiveness for everyday phone case use. Figures 9 and 10 confirm this.
[image: ]
[bookmark: _Toc232376012]Figure 9: Granta
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[bookmark: _Toc232376013]Figure 10: Granta
[bookmark: _Toc232375933][bookmark: _Toc232376236]Polycarbonate (PC)
Polycarbonate (PC) is a strong and lightweight thermoplastic commonly used in phone cases to provide high levels of protection without adding bulk. It is known for its excellent impact resistance, allowing it to absorb and distribute forces from drops, helping to protect the phone from damage. Polycarbonate is also highly durable, offering resistance to scratches, cracks, and general wear, which helps the case maintain its appearance over time. Additionally, it has good resistance to chemicals and UV light, making it long-lasting and easy to maintain.
From a design perspective, polycarbonate offers an effective balance between performance, cost, and sustainability. Its high strength and rigidity ensure reliable protection and structural stability, extending the product’s lifespan and reducing the need for replacement. Figures 11 and 12 support this.

f[image: ]
[bookmark: _Toc232376014]Figure 11: Granta
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[bookmark: _Toc232376015]Figure 12: Granta
[bookmark: _Toc232375934][bookmark: _Toc232376237]Silicone 
Silicone is a favourable material for phone cases due to its excellent flexibility, impact resistance, and thermal stability, making it effective at absorbing shocks and protecting devices from damage caused by drops and everyday use. Engineering-grade silicone also exhibits good resistance to moisture, UV radiation and temperature variations, which contributes to a long service life. From a design perspective, silicone offers a soft-touch surface that enhances grip and user comfort while allowing complex shapes, textured finishes and a wide range of colours to be easily produced through injection moulding processes. Its flexibility also enables precise fitting around buttons and ports, making it well-suited for aesthetically pleasing consumer products.


Figure 13 displays the Young’s modulus data for all three materials. PC has the highest Young’s modulus, approximately 10–20 GPa, making it highly resistant to bending and deformation. This provides excellent structural protection and durability, but offers a more limited shock absorption when used alone. TPU has a moderate modulus of approximately 0.5–2 GPa, providing an effective balance between rigidity and flexibility. Its ability to absorb impact energy while maintaining structural integrity makes it an ideal material for a phone case. In contrast, silicone has the lowest modulus, typically around 0.001–0.01 GPa, making it extremely soft and flexible. While silicone offers superior grip, comfort, and vibration damping, it is less effective at resisting deformation and severe impacts. 

[image: ]
[bookmark: _Toc232376016]Figure 13: Granta
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[bookmark: _Toc232376017]Figure 14: (Dawn, 2025)
(Dawn, 2025)
Polycarbonate (PC) was selected as the material for the phone case because it offers significantly greater stiffness and structural strength than both TPU and silicone, as shown by its higher Young’s modulus on the material selection graph.  PC is highly resistant to bending, deformation, and cracking under everyday loading conditions. In comparison, while TPU has a lower modulus, providing good flexibility and impact absorption, it offers less structural rigidity and can deform more easily. Although silicone offers excellent grip and comfort, it provides limited structural protection and is more susceptible to stretching and wear. Therefore, PC was chosen because its strength and durability allow it to protect the phone from bending and physical damage while maintaining a rigid, premium-quality design, and PC provides the longest lifespan desirable for sustainability. These factors support the customers' requirements. 
[bookmark: _Toc232375935][bookmark: _Toc232376238]Simulation and validation 
Figure 15 simulates the flow of polymer PC through injection moulding. The simulation shows a smooth and continuous material flow, achieving complete cavity filling in approximately 1.28 seconds. The gradual colour transition indicates a balanced flow behaviour, reducing the risk of short shots and uneven filling. As the material progresses through the mould, cooling occurs. The gradual colour transition suggests a relatively stable flow pattern with no significant flow hesitation or incomplete filling, indicating good manufacturability and a low likelihood of major moulding defects.
[image: ]
[bookmark: _Toc232376018]Figure 15: Fusion Injection Moulding Simulation
Figure 16 displays the weld lines from the injection moulding simulation. The most important weld line is the central back-panel weld line because it is the largest and forms furthest from the gate, while the weld lines around the camera, button, and port openings are a direct result of the material flowing around these features before merging again.
[image: ]
[bookmark: _Toc232376019]Figure 16: Fusion Weld lines
[image: ]
[bookmark: _Toc232376020]Figure 17: Fusion Injection Moulding Process
[bookmark: _Toc232375936][bookmark: _Toc232376239]Finite Element Analysis (FEA)
In this design of a phone case, FEA (Finite Element Analysis) can be used to simulate drop tests, bending, and stress distribution to see where the case might fail or deform. This allows designers to identify weak areas and improve the design before manufacturing, saving time and cost. FEA helps optimise features such as thickness, material choice, and reinforcement areas to ensure the case provides maximum protection. As demonstrated in Figure 18, the phone case surpasses the stress study of a drop test, proving the robustness of the product with an above the target for safety factor on the entirety of the case.

[image: ]
[bookmark: _Toc232376021]Figure 18: Fusion Static Stress Study
[bookmark: _Toc232375937][bookmark: _Toc232376240]Dimensional accuracy
Dimensional accuracy is critical when designing an injection-moulded phone case, as it ensures the case fits the phone correctly and functions as intended. Tolerance analysis is used to determine the acceptable variation in dimensions without affecting performance. For a phone case, this is particularly important for features such as button cut-outs, port openings, camera cut-outs, and the overall internal fit, where even small inaccuracies can lead to poor alignment or usability issues.
The results of tolerance analysis help ensure that the case fits securely around the phone without being too tight or too loose. Additionally, maintaining consistent wall thickness and dimensional control during injection moulding reduces defects such as warping and shrinkage. By applying appropriate tolerances, manufacturers can achieve high precision, repeatability, and product consistency, while minimising rejected parts during production. 
[image: ]
[bookmark: _Toc232376022]Figure 19: Practical Tolerances for PC Injection Moulding (Melito, 2022)
(Melito, 2022)
[bookmark: _Toc232375938][bookmark: _Toc232376241]Cost Calculation Analysis
From the data collected from the injection moulding simulation results and the figures provided by Granta on the material specifications. Cost analysis calculations can be made:
Data
· Fill time=1.28s
· Packing time 4.81s
· Cooling time=5.9s
· Total cycle time=11.99s
· Part weight=0.028kg
· Material=PC
Total Time to complete batch:
[image: ]
To produce 1000 parts. Total Batch time:
[image: ]

Production time per piece:
[image: ]
Using these figures:
· Part weight=0.028kg
· Production timer per piece=0.28min/piece
· Operating cost rate=£0.80/min
· Tooling cost per piece=£0.04/piece




Material cost per piece:
[image: ]
[image: ]
Operating cost per piece:
[image: ]
Tooling cost per piece:
[image: ]

Final cost analysis for PC injection moulded phone case:
[image: ]
Break-even point analysis:
Fixed costs (F)= £20,000
Selling Price = £2.00/piece

Revenue:
[image: ]


Total cost:
[image: ]

Profit:
[image: ]










Break-even point:
[image: ]
Example of profit at higher production rates:
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Break-even point graphs and comparisons:

[image: ]
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The two break-even graphs demonstrate the significant effect that selling price has on the profitability of the injection-moulded polycarbonate phone case. At a selling price of £2 per unit, the revenue line has a relatively shallow gradient. It intersects the total cost line at approximately 14,461 units, meaning a large production volume is required before the initial tooling investment of £20,000 is recovered. In contrast, increasing the selling price to £8 per unit yields a much steeper revenue curve, causing the break-even point to occur much earlier, at around 2,709 units. This reduction of approximately 81% in the break-even quantity means that the fixed costs are recovered more quickly and the business begins generating profit sooner. Furthermore, beyond the break-even point, the higher selling price results in a substantially greater profit margin per unit, making large-scale production considerably more profitable. Therefore, the comparison between the two graphs highlights that the selling price is a critical factor influencing the economic viability and profitability of the product.

Based on the calculations performed, several improvements could be made to enhance both the economic and environmental performance of the injection-moulded polycarbonate phone case. Although the current cycle time of 11.99 seconds allows a production rate of approximately 214 parts per hour, further optimisation of the cooling stage, which accounts for almost half of the cycle time, could reduce production time and lower manufacturing costs. Material costs represent the largest component of the variable cost, with polycarbonate priced at £12.60/kg, resulting in a material cost of approximately £0.35 per part. Therefore, reducing the part weight through design, such as introducing ribs or reducing wall thickness while maintaining structural integrity, would significantly decrease material consumption and waste. In addition, incorporating recycled polycarbonate or reusing process scrap could improve sustainability by reducing the demand for raw materials and lowering environmental impact. 
[bookmark: _Toc232375939][bookmark: _Toc232376242]Sustainability considerations 
[bookmark: _Toc232375940][bookmark: _Toc232376243]Recyclability 
Material choice plays a key role in supporting recyclability and reducing environmental impact. Selecting recyclable materials can allow products to be reprocessed and reused at the end of their life instead of being disposed of in a landfill. Materials that can be melted and reshaped multiple times make recycling more efficient, reduce the need for new raw materials and support sustainability.
Design decisions also have an effect on recyclability. Using single-material components rather than combining different materials makes it easier to recycle products, as it removes the need for separation. Additionally, choosing durable materials extends the product’s lifespan, reducing how often it needs to be replaced and lowering overall waste. Efficient manufacturing processes can further support recyclability by minimising waste and allowing excess material to be reused. (ISO, 2008)
PC is a recyclable thermoplastic that can be mechanically recycled by shredding, melting, and reprocessing the material into new products. Its ability to be reheated and reshaped reduces the demand for virgin raw materials and supports more sustainable manufacturing practices by minimising waste and extending material life cycles. (Covestro, 2025) Polycarbonate is classified as Resin Identification Code #7 (Other). Although it is not as widely recycled as common packaging plastics such as PET and HDPE, it remains a recyclable thermoplastic that can be mechanically reprocessed into new products through specialised recycling streams. Its durability and ability to be remelted and reshaped contribute to its sustainability and support a circular material lifecycle.
[bookmark: _Toc232375941][bookmark: _Toc232376244]Energy Efficiency 
Energy efficiency is an important consideration in product design, as it helps reduce environmental impact and lower production costs. Design choices can significantly minimise energy use during both manufacturing and the product’s lifecycle.
One key approach is selecting materials that require less energy to process. Materials that melt at a lower temperature and are easy to mould help with this. Moreover, designing products with simpler shapes and fewer parts also reduces the number of manufacturing steps, which in turn lowers energy consumption. In the process used in this case, injection moulding, maintaining uniform wall thickness helps materials cool more evenly, reducing cycle time and the energy required for heating and cooling.
Another important factor is creating lightweight designs, which use less material and reduce the energy needed for production. Polycarbonate supported this. In addition to this, designing for durability and long lifespan means products do not need to be replaced as often, reducing the total energy used over time, again boosting sustainability. 
[bookmark: _Toc232375942][bookmark: _Toc232376245]Waste reduction in design 
Design choices play a key role in minimising scrap and production waste during manufacturing. One important approach is creating simple, efficient designs with fewer parts, which reduces the amount of material required and limits off-cuts or excess waste. In injection moulding, we used uniform wall thickness on our phone case. This helped to ensure even material flow and cooling, reducing defects such as warping or incomplete filling that would otherwise result in rejected parts and customer dissatisfaction.
Furthermore, we designed our product to be made from a single material (Polycarbonate) to reduce waste, as it avoids the need for trimming or separating different materials during production. Enhancing the design to fit efficiently within moulds ensures minimal leftover material, and any excess (such as sprues or runners) can often be recycled and reused within the process. (Autodesk, n.d.)
By reducing complexity, improving manufacturing efficiency, and enabling material reuse, these design decisions help minimise waste, lower production costs, and support more sustainable manufacturing practices.
[bookmark: _Toc232375943][bookmark: _Toc232376246]Discussion and Recommendations 
[bookmark: _Toc232375944][bookmark: _Toc232376247]Compare design to the customer's requirements 
The selected material, Polycarbonate for the phone case design, satisfies the client's requirements, with manufacturability being suitable for high-volume production through injection moulding. The simulation results demonstrated complete cavity filling with a short fill time and consistent material flow, indicating efficient and repeatable manufacturing. Defect mitigation was assessed, which identified only a small number of localised weld lines and air traps. These defects were limited to areas around cut-outs and flow meeting areas, but still suggested that the design is capable of producing the product to an acceptable quality.
From a material and cost efficiency perspective, PC was selected because it provides a strong balance between mechanical performance and manufacturing cost. Its higher stiffness and durability allow the case to provide effective protection while remaining economical for large-scale production. The injection moulding process also minimises material waste and supports rapid production cycles, contributing to overall cost effectiveness.
The design also supports sustainability objectives with its long-life span, and injection moulding is an energy-efficient manufacturing process for high production volumes, reducing the environmental impact per unit produced. Overall, the design successfully meets the client's requirements while delivering strong performance across all key attributes.
[bookmark: _Toc232375945][bookmark: _Toc232376248]Design trade-offs 
Several design trade-offs were made during the development of the injection-moulded phone case. This was to balance performance, manufacturability, sustainability, and cost. At the material selection stage, it was clear that PC was the most costly compared to TPU and silicone. However, it was decided that accepting a higher material cost in exchange for improved durability, stiffness, and long-term product performance was the better choice. 
Additional trade-offs were made to optimise the injection moulding process. The wall thickness of the phone case was carefully controlled to minimise material usage and reduce cooling times while maintaining sufficient strength. Although thicker sections could increase impact resistance, they would also increase production costs, cycle times, and the likelihood of moulding defects such as sink marks and warpage. Similarly, the design was kept relatively simple to reduce tooling complexity and manufacturing costs. Features such as TPU inserts, reinforced corner structures, or surface textures could improve user experience and protection, but would require more complex moulds and increase production expenses.
[bookmark: _Toc232375946][bookmark: _Toc232376249]Improvements 
Future refinements could focus on improving both the performance and manufacturability of the phone case design. Further trials with gate location could reduce the number of predicted weld lines and air traps identified in the moulding simulations, while maintaining structural integrity. Moreover, features such as reinforced corners or textured grip surfaces could be added to the design to improve impact resistance and user handling. Material usage could also be optimised through wall thickness adjustments to reduce weight and manufacturing costs. Finally, further simulation and a physical proto-type could be used to evaluate drop performance, durability, and long-term wear, ensuring the design meets a wider range of functional requirements.
[bookmark: _Toc232375947][bookmark: _Toc232376250]Conclusion
This project successfully applies Design for Manufacture and Design for Assembly principles to develop an injection-moulded mobile phone case that satisfies the customers' requirements for manufacturability, defect mitigation, material and cost efficiency, and sustainability. A range of engineering tools, including QFD, DOE, FMEA, injection moulding simulation, and Finite Element Analysis (FEA), were used throughout the design process to evaluate performance and support informed design decisions.
Material selection analysis compared TPU, silicone, and polycarbonate (PC), with PC being selected due to its superior stiffness, durability, dimensional stability, and long service life. Although TPU offered greater flexibility and impact absorption, PC provided the best balance between protection, structural integrity, and suitability for high-volume injection moulding production. The injection moulding simulations demonstrated complete cavity filling in 1.28 seconds with a stable flow pattern, representing a good manufacturability outcome. While several localised weld lines and air traps were identified around cut-outs and flow meeting regions, these defects were limited and did not significantly affect the overall quality of the design.
The FEA results further validated the robustness of the phone case, demonstrating acceptable stress distribution and a safety factor above the required target under simulated loading conditions. In addition to this, a tolerance analysis confirmed that the design can achieve the dimensional accuracy required for proper fit and functionality. Cost analysis showed that injection moulding provides an economically viable manufacturing method for large-scale production, while the break-even calculations demonstrated the importance of production volume and selling price in achieving profitability.
Sustainability considerations were applied through the material selection phase, polycarbonate, a recyclable thermoplastic, and through the use of an efficient injection moulding process that minimises material waste and energy consumption. Overall, the final design provides a durable, lightweight, and functional phone case that meets customer requirements while remaining suitable for cost-effective mass production. The combination of engineering analysis, simulation, and manufacturing evaluation demonstrates that the proposed design is effective.
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