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Abstract
This report develops and evaluates an injection-moulded mobile phone case using Design for Manufacture and Assembly principles. The objective was to produce a lightweight, protective and commercially viable polymer component suitable for high-volume manufacture. Customer requirements were translated into engineering requirements using Quality Function Deployment, while Failure Mode and Effects Analysis identified the main product and manufacturing risks. Granta EduPack was used to select a suitable material through property-based filtering and chart comparison. TPU Ether, aromatic, Shore A85/D35 was selected because it provided the best balance of flexibility, tensile strength, elongation, tear resistance, impact performance, cost and injection moulding suitability. Fusion 360 was then used to evaluate gate location, mould filling, visual defects, warpage and simplified stress performance. The preferred gate location was the charging-port edge gate because it reduced sink mark risk and slightly reduced maximum warpage compared with the rear/internal gate. Cost analysis showed an estimated unit cost of approximately £0.48 per case and a break-even quantity of approximately 58,333 cases per year. Sustainability analysis showed that the case should remain mono-material, recyclable and free from unnecessary inserts or coatings. Overall, the design is technically feasible but requires further refinement to reduce warpage, improve cut-out radii and optimise cooling before final manufacture.
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[bookmark: _Toc232242835]1. Introduction
[bookmark: _Toc232242836]1.1 Project Context
This report investigates the design and manufacture of an injection-moulded mobile phone case, treated as a lightweight polymer mobile phone housing suitable for high-volume production. The selected product is a familiar consumer component, but it presents several important engineering challenges. A phone case must be lightweight, comfortable to hold, easy to fit, durable in daily use and capable of protecting the phone during accidental impact. At the same time, it must be suitable for repeatable manufacture at a commercially realistic cost.
The main design challenge is balancing protection, flexibility, manufacturability and sustainability. Increasing wall thickness may improve impact protection, but it also increases material use, cooling time, cost, part weight and the risk of injection-moulding defects such as sink marks and warpage. A thinner case is more lightweight and material-efficient, but may not provide enough protection or durability. Similarly, a very soft material may improve grip and shock absorption, but may not retain the phone securely, while a rigid material may be difficult to fit and may transfer more impact force to the phone. The final design therefore needs to be optimised rather than simply made thicker, softer or cheaper.
The proposed product is a single-piece protective phone case with a rear shell, raised edge protection, camera openings, side-button openings and charging-port cut-outs. These features are necessary for product function, but they also introduce manufacturing risks. Cut-outs can cause weld lines as polymer flow separates and rejoins, while raised lips and thicker corner areas can create uneven cooling and local shrinkage. For this reason, the design is assessed not only as a CAD model, but also as an injection-moulded product.
The assignment requires the selected product to be evaluated using Design for Manufacture and Assembly principles, material selection, simulation, cost analysis and sustainability considerations. This report therefore uses Quality Function Deployment to translate customer needs into technical requirements, Failure Mode and Effects Analysis to identify product and process risks, Granta EduPack to select a suitable material, Fusion 360 to assess mould filling and warpage, simplified stress validation to locate critical loading regions, and cost calculations to evaluate commercial viability.


[bookmark: _Toc232242837]1.2 Aim
The aim of this project is to design and evaluate a manufacturable polymer phone case that provides a balanced solution for protection, flexibility, cost, injection moulding quality and sustainability.
[bookmark: _Toc232242838]1.3 Objectives
The objectives of the report are to:
· identify customer and engineering requirements for a protective phone case;
· use Quality Function Deployment to translate customer needs into technical design requirements;
· use Failure Mode and Effects Analysis to identify the main product and manufacturing risks;
· select a suitable polymer material using Granta EduPack;
· develop a CAD model suitable for injection moulding;
· compare injection moulding gate locations using Fusion 360 simulation;
· assess fill confidence, visual defects, warpage and cooling-related behaviour;
· complete simplified stress and deformation validation;
· estimate manufacturing cost, unit cost and break-even quantity;
· evaluate sustainability, recycling and end-of-life considerations;
· recommend design improvements before final production.
[bookmark: _Toc232242839]2. Literature Review
[bookmark: _Toc232242840]2.1 Design for Manufacture and Assembly
Design for Manufacture and Assembly is used to ensure that a product can be produced efficiently, consistently and economically. Design for Manufacture focuses on reducing production difficulty, material waste, processing time and defects, while Design for Assembly considers how easily the product can be handled, fitted or assembled into use. Boothroyd Dewhurst describes DFMA as a method for analysing product cost and complexity before production decisions become fixed (Boothroyd Dewhurst, 2019).
Although the proposed phone case is a single-piece component, DFA is still relevant because the user must stretch the case around the phone during fitting and removal. The design must therefore allow enough flexibility for hand assembly while still recovering its shape and retaining the phone securely. From a DFM perspective, the main design features affecting manufacturability are wall thickness, corner radii, cut-out geometry, draft, gate location, cooling behaviour and shrinkage. Large thickness changes can cause uneven cooling, sink marks and warpage, so the design should use smooth transitions and local reinforcement rather than increasing the thickness of the whole case.
[bookmark: _Toc232242841]2.2 Relevant Manufacturing Techniques
Several manufacturing techniques could be considered for a polymer phone case, including casting, additive manufacturing and injection moulding. Casting can be suitable for low-volume polymer parts, while additive manufacturing is useful for prototyping. However, both are less suitable for high-volume production because of slower cycle times, higher unit cost or lower repeatability.
Injection moulding is the most suitable manufacturing method for the proposed product because it can produce complex polymer parts quickly and repeatedly once tooling has been produced. It is suitable for the phone case because the design includes thin walls, rounded corners, camera holes, side-button openings and charging-port cut-outs.
The main injection moulding risks are sink marks, weld lines, air traps and warpage. Sink marks can occur where thicker sections cool and shrink differently from surrounding material. Weld lines form when separate flow fronts meet after flowing around holes or cut-outs, and Autodesk notes that they may create both surface marks and potential weakness (Autodesk, 2013). Warpage is linked to uneven cooling and differential shrinkage, which is a key issue for parts requiring dimensional accuracy (RJG Inc., 2024). These risks mean that gate location, cooling and wall thickness must be assessed during design.
[bookmark: _Toc232242842]2.3 Review of Analysis Tools
Quality Function Deployment is used to translate customer requirements into measurable engineering characteristics. In this project, customer needs such as protection, grip, low weight, durability and accurate fit are linked to technical requirements such as wall thickness, material stiffness, elongation, corner radius, cut-out geometry, gate position and recyclability.
Failure Mode and Effects Analysis is used to identify potential failure modes and prioritise risk. The Risk Priority Number is calculated using:
[
RPN = Severity \times Occurrence \times Detection
]
Relevant failure modes for the phone case include warpage, poor fit, tearing around ports, cracking at corners, sink marks and weld lines. FMEA supports the design process by identifying which risks require mitigation through geometry changes, material selection or process optimisation.
Granta EduPack is used for material selection because it allows candidate materials to be compared using measurable properties. Ansys explains that Granta EduPack supports Ashby-style material selection, where materials are screened using function, objectives and constraints (Ansys, n.d.). This is suitable because the material must balance flexibility, toughness, density, elongation, cost and injection moulding suitability.
Fusion 360 plastics simulation is used to evaluate moulding behaviour. Autodesk states that Fusion injection moulding simulation can provide results for fill, visual defects and warpage, helping designers identify manufacturing issues before tooling (Autodesk, n.d.). Finite Element Analysis is also used to identify high-stress regions under simplified loading. A real phone drop is dynamic, so the stress analysis is treated as a guide for design refinement rather than a full physical drop-test replacement.
[bookmark: _Toc232242843]2.4 Material, Cost and Sustainability Considerations
Material selection is central to phone case performance. The material must be flexible enough to fit around the phone, tough enough to resist impact, strong enough to avoid tearing around cut-outs and suitable for high-volume polymer processing. Because these requirements conflict, candidate polymers should be compared using measurable properties including density, Young’s modulus, tensile strength, elongation, material cost and injection moulding suitability. The final material is selected later in the report based on how well it satisfies these functional, manufacturing and sustainability requirements.
Cost analysis is also required because a technically successful design must be commercially realistic. For injection moulding, tooling cost is high, but unit cost can become low at high production volume. The main cost drivers are material cost, machine time, labour, tooling cost, cooling time and scrap rate.
Sustainability is important because material choice, manufacturing waste and end-of-life recovery affect environmental impact. A durable single-material design is preferable because it improves recovery and avoids separation problems caused by coatings, adhesives or inserts. Reducing warpage and moulding defects also improves sustainability because rejected parts waste both material and processing energy.


[bookmark: _Toc232242844]3. Define Customer Requirements
[bookmark: _Toc232242845]3.1 Performance Attributes
The phone case was developed around customer requirements that relate to protection, usability, durability, manufacturability and cost. Although the product appears simple, it must satisfy several competing requirements. A case that is too thick may improve impact protection but increases material use, cooling time and moulding defects. A case that is too thin may reduce cost and weight but may not protect the phone effectively. The customer requirements were therefore translated into measurable engineering characteristics so that the design could be assessed objectively.
[bookmark: _Toc232242907]Table 1 - Customer requirements and engineering interpretation
[image: ]
The most important performance requirements were protection, fit and durability. These requirements directly influenced the later material selection and simulation work. For example, the need for flexibility and durability informed the Granta filtering process, while the need for accurate fit made warpage a key simulation result. Similarly, the requirement for low cost meant that the design could not simply be over-thickened to improve strength.
[bookmark: _Toc232242846]3.2 Quality Function Deployment Application
[image: ]Quality Function Deployment was used to translate customer requirements into measurable engineering characteristics. This was necessary because requirements such as protection, comfort, durability and sustainability are broad unless they are linked to specific design variables. The QFD connected customer needs to technical characteristics including wall thickness, material flexibility, material hardness, tensile strength, corner radius, cut-out radius, gate position, cooling control, part mass, cost and recyclability.[bookmark: _Toc232242884]Figure 1 - QFD matrix translating customer requirements into measurable engineering characteristics.


[bookmark: _Toc232242908]Table 2 - Key QFD findings and design implications
[image: ]
The QFD showed that the most influential design variables were wall thickness, material behaviour, corner radius, cut-out geometry, gate position and cooling control. These findings were carried forward into the Granta material selection and Fusion 360 simulation stages. The main design conclusion was that the case should not simply be made thicker to improve protection. Instead, material choice, local geometry and moulding conditions must be balanced to achieve protection without excessive cost, weight or moulding defects.

[bookmark: _Toc232242847]3.3 Risk Analysis Using FMEA
Failure Mode and Effects Analysis was used to identify potential product and manufacturing failures. Each failure mode was assessed using severity, occurrence and detection scores. The Risk Priority Number was calculated using:
[
RPN = Severity \times Occurrence \times Detection
 Higher RPN values indicate higher design risk and therefore require stronger control actions.


[image: ][bookmark: _Toc232242885]Figure 2 - FMEA analysis identifying the main product and manufacturing risks for the phone case.

[bookmark: _Toc232242909]Table 3 - Summary of key FMEA outcomes
[image: ]

The FMEA showed that the main risks were warpage, tearing around functional openings, corner impact failure, sink marks and weld lines. These risks were then carried forward into the design and simulation stages. For example, warpage became one of the main results compared in the injection moulding simulation, while tearing risk influenced the recommendation to add larger radii around cut-outs.
The FMEA also showed that design improvement should be targeted rather than general. Increasing the whole case thickness may reduce some stress, but it also increases material cost, cycle time and moulding defects. A better solution is to strengthen only the critical regions such as corners, raised lips and cut-outs.
[bookmark: _Toc232242848]3.4 Design for Assembly Considerations
Although the phone case is a single component, assembly still occurs when the user fits the case to the phone. The design must therefore allow elastic deformation during fitting and removal. If the material is too stiff, the user may struggle to fit the case or may damage the phone. If the material is too soft, the case may stretch permanently and become loose.
[bookmark: _Toc232242910]Table 4 - Design for Assembly considerations
[image: ]
This analysis confirms that the case cannot be treated only as a protective shell. It must also function as a flexible assembly component that is repeatedly fitted, removed and handled.




[bookmark: _Toc232242849]3.5 Design Optimisation Priorities

[bookmark: _Toc232242911]Table 5 - Design optimisation priorities
[image: ]
[bookmark: _Toc232242850]4. Design and Development
[bookmark: _Toc232242851]4.1 CAD Design Development
The phone case was developed as a single-piece injection-moulded polymer component. The CAD model includes a rear protective shell, raised perimeter lip, camera openings, side-button openings, charging-port access and speaker/microphone cut-outs. These features were included to meet the customer requirements for protection, usability, accurate fit and durability.
[image: ]
[bookmark: _Toc232242886]Figure 3 - CAD development views of the proposed injection-moulded phone case
The design uses rounded corners and a raised edge to improve protection around vulnerable phone regions. However, these features also introduce manufacturing risks. The camera holes, button openings and charging-port cut-out can cause polymer flow to split and rejoin, increasing weld-line risk. Raised lips and thicker corner areas can also increase cooling variation, shrinkage and warpage. Therefore, the design needed to be evaluated as both a functional phone case and an injection-moulded part.
[bookmark: _Toc232242912]Table 6 - Key CAD features and design purpose
[image: ]
[bookmark: _Toc232242852]4.2 Moulding Considerations
[bookmark: _Toc232242913]Table 7 - Moulding considerations
[image: ]

[bookmark: _Toc232242853]4.3 Material Selection Using Granta EduPack
Material selection was completed using Granta EduPack/CES. The aim was to identify a polymer using measurable phone-case requirements rather than selecting a material by assumption. The database was narrowed to polymer and elastomer materials because the case needed low weight, flexibility and injection moulding suitability.
[image: ][bookmark: _Toc232242887]Figure 4 - Granta database narrowed to polymers, plastics and elastomers.


The material filters were based on the functional and manufacturing requirements identified earlier.


















[bookmark: _Toc232242914]Table 8 - Granta screening filters
[image: ]
[image: ][bookmark: _Toc232242888]Figure 5 - Granta screening filters used to reduce the candidate material list.














The filters reduced the candidate list to 13 of 75 materials. The remaining materials included SEBS, SBS, TPO, TPV and TPU grades. This shortlist was suitable because it contained flexible, injection-mouldable elastomers rather than general rigid polymers.
[image: ]
[bookmark: _Toc232242889]Figure 6 - Final shortlist showing 13 candidate materials passing the selection filters.
[bookmark: _Toc232242854]4.4 Material Comparison and Final Selection
The shortlisted materials were compared using Granta charts. Tensile strength versus price was used to compare cost-performance. Tensile strength versus Young’s modulus compared strength and flexibility. Elongation versus Young’s modulus confirmed whether the materials could stretch sufficiently during fitting and impact.
[image: ][bookmark: _Toc232242890]Figure 7 - Tensile strength versus price chart for shortlisted materials.

[image: ][bookmark: _Toc232242891]Figure 8 - Tensile strength versus price chart for shortlisted materials.


[image: ]
[bookmark: _Toc232242892]Figure 9 - Tensile strength versus Young’s modulus chart comparing durability and flexibility.
The charts showed that lower-cost elastomers such as SEBS and SBS were flexible but generally had lower tensile strength. Some TPO and TPV grades were suitable alternatives, but they did not provide the same overall balance. The selected material was:
TPU Ether, aromatic, Shore A85/D35

[image: ]
[bookmark: _Toc232242893]Figure 10 - Granta datasheet for selected TPU Ether, aromatic, Shore A85/D35.

[bookmark: _Toc232242915]Table 9 -  Key properties of selected TPU
[image: ]
TPU Ether Shore A85/D35 was selected because it provided the best overall balance of flexibility, strength, elongation, tear resistance, impact performance, cost and mouldability. It is not the cheapest shortlisted material, but the improved durability justifies the added cost for a protective phone case. Its mould shrinkage data also links directly to the later injection moulding simulation, where warpage and dimensional accuracy are assessed.
[image: ][bookmark: _Toc232242894]Figure 11 - TPU processing and end-of-life data showing injection moulding suitability and recyclability.



[bookmark: _Toc232242855]5. Simulation and Validation
[bookmark: _Toc232242856]5.1 Purpose of Simulation
Simulation was used to assess manufacturability and simplified structural performance. Fusion 360 injection moulding simulation assessed polymer flow, fill confidence, visual defects and warpage, while static stress analysis identified high-stress regions under simplified corner loading. The results were used to compare design decisions and identify improvements before physical prototyping.
[bookmark: _Toc232242857]5.2 Injection Moulding Simulation Setup
The injection moulding simulation was completed using the phone case CAD model and a TPU material approximation within Fusion 360. Two gate locations were compared to understand how polymer flow direction affected filling, visual defects and warpage.
[bookmark: _Toc232242916]Table 10 -  Injection moulding simulation setup
[image: ]



[image: ]
[bookmark: _Toc232242895]Figure 12 - Gate A rear/internal injection location.
[image: ]
[bookmark: _Toc232242896]Figure 13 - Gate B charging-port edge injection location.
Gate A was tested because it provides a more central injection point and therefore a shorter flow path. Gate B was tested because the charging-port area is less visible, meaning the gate mark could be hidden more effectively. Comparing both options allowed the final gate decision to be based on manufacturing evidence rather than appearance alone.


[bookmark: _Toc232242858]5.3 Polymer Flow and Fill Results 
[image: ]Both gate locations achieved complete filling, showing that the phone case geometry was capable of being moulded using the selected process. Gate A filled faster, while Gate B required a longer filling time due to its edge position.[bookmark: _Toc232242897]Figure 14 - Gate A fill confidence result showing complete filling.


[image: ]
[bookmark: _Toc232242898]Figure 15 - Gate B fill confidence result showing complete filling.

[bookmark: _Toc232242917]Table 11 - Fill result comparison
[image: ]
Although Gate A filled faster, fill time alone was not used to select the preferred gate. The phone case contains camera holes, button openings and port cut-outs, so weld lines, sink marks and warpage also needed to be considered.

[bookmark: _Toc232242859]5.4 Visual Defects: Sink Marks, Weld Lines and Air Traps
Visual defect prediction was used to identify likely moulding quality issues. The main defects considered were sink marks, weld lines and air-trap risk. These are important because they affect appearance, dimensional accuracy and local strength.
[image: ]
[bookmark: _Toc232242899]Figure 16 - Gate A visual defect result showing predicted sink mark and weld-line risk.


[image: ]
[bookmark: _Toc232242900]Figure 17 - Gate B visual defect result showing predicted sink mark and weld-line risk.

[bookmark: _Toc232242918]Table 12 - Visual defect comparison
[image: ]
Gate B reduced the number of sink mark faces from 11 to 2, suggesting improved local packing behaviour in thicker areas. However, it increased weld-line faces from 29 to 34. This was expected because the flow front has to travel around camera holes, side-button openings and charging-port features before rejoining.
The weld-line risk does not automatically mean the design is unacceptable, but it highlights where refinement is needed. The best mitigation would be to increase radii around cut-outs, avoid sharp ligaments and add venting near end-of-flow areas. Air-trap risk should also be managed through vent placement near corners and openings where the flow front finishes.



[bookmark: _Toc232242860]5.5 Warpage, Cooling and Dimensional Accuracy
Warpage was the most important dimensional accuracy result because the case must fit closely around the phone. Excessive warpage could cause poor alignment around the camera, buttons and charging port.
[image: ]
[bookmark: _Toc232242901]Figure 18 - Gate A warpage result showing maximum deflection.
[image: ]
[bookmark: _Toc232242902]Figure 19 - Gate B warpage result showing maximum deflection.

[bookmark: _Toc232242919]Table 13 - Warpage comparison
[image: ]
Gate B reduced maximum warpage from 1.259 mm to 1.187 mm. This is only a small improvement, and both simulations exceeded the software tolerance. Therefore, the design should not be treated as final. However, the result still supports Gate B because it gives a better balance of reduced sink marks, slightly reduced warpage and a less visible gate mark.
Warpage is likely caused by uneven cooling and non-uniform thickness around the raised lip, corners and cut-outs. Increasing the whole case thickness is not recommended because it would increase material cost, cooling time and sink mark risk. A better approach is to improve wall uniformity, smooth transitions, increase radii and optimise cooling conditions.

[bookmark: _Toc232242861]5.6 Gate Selection Decision
[bookmark: _Toc232242920]Table 14 - Final gate selection decision
[image: ]
Gate B was selected as the preferred injection location. Although Gate A filled faster and gave fewer weld-line warnings, Gate B reduced sink mark faces, slightly reduced warpage and placed the gate in a less visible region. The remaining weld-line issue can be improved through radiused cut-outs and venting.

[bookmark: _Toc232242862]5.7 FEA Stress and Deformation Validation
A simplified static stress study was completed to identify likely high-stress regions. The internal rear face of the phone case was fixed to represent support from the phone body, while a corner load was applied to represent a simplified impact condition.
A simplified drop calculation was used to justify the loading applied during stress validation. A 3 ft drop was converted to metres and the potential energy was estimated using E=mgh. The equivalent impact force was then estimated using F=E/d, assuming a 2 mm stopping distance.
[bookmark: _Toc232242921]Table 15 - Drop-force estimation for simplified impact loading
[image: ]
This shows that a 3 ft drop can create a high impact load if the stopping distance is small. Therefore, the stress simulation was treated as a severe simplified load case rather than an exact real-world drop prediction.


[image: ]
[bookmark: _Toc232242903]Figure 20 - Safety factor result for simplified corner loading.
The stress results showed that the lowest safety factor occurred near the loaded corner and raised lip. Most of the case remained less critical, indicating that the weakness is local rather than global. Therefore, the design should be improved through larger corner radii, smoother raised-lip transitions and local reinforcement rather than increasing the thickness of the whole case.
[bookmark: _Toc232242863]6. Cost Calculation Analysis
[bookmark: _Toc232242864]6.1 Purpose of Cost Analysis
Cost analysis was completed to assess whether the proposed injection-moulded phone case is commercially viable for high-volume manufacture. Injection moulding has a high initial tooling cost, but the unit cost can become low when production volume is high. Therefore, the analysis considered material cost, machine time, labour, tooling cost and break-even production volume.
The calculation is based on a four-cavity mould, meaning four phone cases are produced per cycle. This is more suitable for high-volume production than a single-cavity mould because it reduces the time cost per part.
[bookmark: _Toc232242865]6.2 Cost Assumptions
[bookmark: _Toc232242922]Table 16 -  Cost calculation assumptions
[image: ]
The material cost of £0.30 per case was used as a practical estimate based on the selected TPU material cost and expected part mass. The selected TPU price from Granta was approximately £3.58–£3.73/kg, meaning the material cost remains realistic for a small consumer product.
[bookmark: _Toc232242866]6.3 Cycle Time and Production Rate
The operating time per cycle is calculated from fill time, cooling time and return/ejection time:
[bookmark: _Toc232242923]Table 17 - Cycle time and production rate calculation
[image: ]
This gives an estimated production rate of 307.7 cases/hour using a four-cavity mould.
[bookmark: _Toc232242867]6.4 Labour, Machine and Tooling Cost
[bookmark: _Toc232242924]Table 18 - Labour, machine and tooling cost calculation
[image: ]


[bookmark: _Toc232242868]6.5 Unit Cost Per Case
[bookmark: _Toc232242925]Table 19 - Unit cost breakdown per phone case
[image: ] 
The unit cost per case is calculated by combining material cost, operating cost and The largest cost contributor is the raw material cost. This means that material efficiency is important. Increasing the whole wall thickness would raise the part mass and material cost, while also increasing cooling time and defect risk. Therefore, the preferred design improvement is local reinforcement at critical regions rather than thickening the complete phone case.

[bookmark: _Toc232242869]6.6 Cooling Time Sensitivity
Cooling time was considered because the injection moulding simulation showed warpage. Increasing cooling time may reduce distortion, but it also increases cycle time and lowers production rate. To test the cost impact, cooling time was increased from 10 s to 15 s.
[bookmark: _Toc232242926]Table 20 - Cooling time sensitivity
[image: ]
Increasing cooling time reduces production rate by approximately 30 cases per hour and slightly increases unit cost. This shows that cooling can be used to improve warpage, but it should not be the only solution. Geometry improvements, wall thickness control and better mould cooling design should also be used.
[bookmark: _Toc232242870]6.7 Break-Even Analysis
Break-even analysis was used to calculate the production volume required for revenue to equal total cost.
[bookmark: _Toc232242927]Table 21 - Break-even production volume calculation
[image: ]
The break-even production volume is therefore approximately 58,333 cases per year.

[image: ]
[bookmark: _Toc232242904]Figure 21 - Break-even analysis showing the production volume required for revenue to exceed total cost.
Figure 21 shows that the break-even point occurs at approximately 58,333 cases per year, where annual revenue equals total annual cost. Above this point, the product becomes profitable based on the assumed selling price of £1.20 and unit cost of £0.48 per case.


At a production volume of 150,000 cases per year:
[bookmark: _Toc232242928]Table 22 - Estimated annual profit at 150,000 cases
[image: ]
This suggests that the design is commercially viable if sufficient production volume is achieved.
[bookmark: _Toc232242871]7. Sustainability Considerations
[bookmark: _Toc232242872]7.1 Purpose of Sustainability Review
Sustainability was considered through material recyclability, production energy and waste reduction. For a high-volume injection-moulded product, small improvements in cycle time, scrap rate and material use can have a significant environmental impact across repeated production.
[bookmark: _Toc232242873]7.2 Material Recyclability
The selected material, TPU Ether, aromatic, Shore A85/D35, was identified in Granta EduPack as recyclable. This supports the use of a single-material design, where the phone case can be recovered more easily at end of life. A mono-material case is preferable because mixed materials, adhesives, coatings and metal inserts make recycling more difficult and may cause the product to be rejected during sorting. The design should therefore avoid unnecessary inserts, bonded decorations or painted finishes. If branding or product information is required, it should be moulded directly into the inside surface of the case rather than added as a separate label. This would support recycling while also reducing additional manufacturing steps.
[image: ][bookmark: _Toc232242905]Figure 22 - Granta end-of-life data showing recyclability of the selected TPU material.


[bookmark: _Toc232242929]Table 23 - Material recyclability decisions
[image: ]
Although the material is recyclable, it is not biodegradable. Therefore, the design should focus on long service life, repair avoidance and recovery rather than disposal. A durable case that lasts longer and protects the phone effectively is more sustainable than a weak case that fails quickly and needs replacing.
[bookmark: _Toc232242874]7.3 Energy Efficiency
Energy efficiency in injection moulding is strongly linked to cycle time, cooling time, part thickness and scrap rate. The cost analysis showed that increasing cooling time from 10 seconds to 15 seconds reduced the production rate from 307.7 cases/hour to 277.8 cases/hour and slightly increased unit cost. This also implies higher energy use per part because the machine operates for longer to produce the same number of cases.
[bookmark: _Toc232242930]Table 24 -  Cooling time effect on production efficiency
[image: ]
The simulation showed that warpage was a concern, so cooling cannot simply be minimised. However, extending cooling time alone is not the most sustainable solution. A better approach is to improve wall thickness uniformity, smooth transitions, improve cooling-channel design and reduce local thick sections. This can reduce warpage without unnecessarily increasing cycle time.
Energy efficiency is therefore linked directly to design quality. If the case geometry cools evenly, less additional cooling time is required, fewer parts are rejected and the machine can produce more usable parts per hour.
[bookmark: _Toc232242875]7.4 Waste Reduction
Waste reduction was considered in both the product design and manufacturing process. The main sources of waste are rejected parts, sprues/gates, start-up scrap, excessive wall thickness and defective components caused by warpage, sink marks or weld lines.
The injection moulding simulation showed that the preferred Gate B option reduced sink mark faces compared with Gate A and slightly reduced warpage. This supports waste reduction because fewer visible defects should reduce the likelihood of rejected parts. However, weld lines and warpage still require improvement before final manufacture.[bookmark: _Toc232242906]Figure 23 -  Injection moulding result used to identify defect-related waste reduction opportunities.

[image: ]

[bookmark: _Toc232242931]Table 25 - Waste sources and reduction actions
[image: ]
The most important design decision is to avoid thickening the whole case as a response to stress or warpage. A thicker case would increase material consumption, cooling time, production cost and environmental impact. Instead, the design should use local reinforcement only at critical areas, such as corners and thin regions around cut-outs. This reduces material use while still improving performance.
[bookmark: _Toc232242876]8. Discussion and Recommendations
[bookmark: _Toc232242877]8.1 Comparison Against Customer Requirements
The design and simulation results show that the proposed phone case meets several of the main customer requirements, but further refinement is needed before final manufacture. The QFD identified protection, accurate fit, durability, usability, cost and sustainability as the main priorities. The later Granta, Fusion 360 and cost results were used to judge how well the design responds to these requirements.




[bookmark: _Toc232242932]Table 26 -  Comparison of design results against customer requirements
[image: ]
The results show that the strongest areas of the design are material choice, lightweight construction, manufacturability and cost viability. The weakest areas are warpage, local stress concentration and weld-line risk around cut-outs. These issues are not unusual for a thin injection-moulded phone case, but they must be addressed before final tooling.



[bookmark: _Toc232242878]8.2 Simulation and Validation Discussion
The injection moulding simulation showed that both gate locations achieved 100% fill confidence. This suggests that the general case geometry is mouldable. However, the two gate options showed different strengths and weaknesses. Gate A filled faster, with a fill time of 0.20 s, but produced more sink mark faces and slightly higher warpage. Gate B filled more slowly, with a fill time of 0.63 s, but reduced sink mark faces and slightly reduced maximum warpage. Gate B was therefore selected as the preferred option because it offered the better overall manufacturing balance and placed the gate mark in a less visible location.
The main limitation was that both gate options exceeded the software warpage tolerance. Gate A produced approximately 1.259 mm warpage, while Gate B reduced this to approximately 1.187 mm. Although Gate B improved the result, the remaining warpage could affect fit around the phone. This shows that gate optimisation alone is not enough. Wall thickness, cooling, raised lip geometry and cut-out transitions also need improvement.
The stress validation showed that the loaded corner and raised lip were the most critical regions. This supports the QFD and FMEA findings because corners were identified as important for impact protection. However, the low safety factor was local rather than spread across the whole case. This means the entire case does not need to be thickened. A better design response is to add larger corner radii, smooth the raised lip transition and reinforce only the critical local regions.
[bookmark: _Toc232242879]8.3 Design Trade-Offs
Several trade-offs were made during the design process. The most important trade-off was between protection and manufacturability. Increasing wall thickness can improve stiffness and impact resistance, but it also increases material cost, cooling time, shrinkage variation, sink marks and warpage. For this reason, whole-case thickening was rejected as the main improvement strategy.
A second trade-off was between cost and material performance. Some shortlisted materials were cheaper than the selected TPU, but they offered lower tensile strength, tear resistance or durability. The selected material was not the cheapest option, but it gave a stronger balance between flexibility, impact performance and long-term durability. This is justified because a phone case must protect the phone and survive repeated use, not simply minimise raw material cost.
A third trade-off was between cooling time and production efficiency. Longer cooling may help reduce warpage, but it reduces hourly production rate and increases energy use per part. Therefore, cooling should be optimised alongside geometry improvements rather than simply increased.
[bookmark: _Toc232242933]Table 27 -  Key design trade-offs
[image: ]
[bookmark: _Toc232242880]8.4 Recommendations for Design Improvement
The main design recommendation is to continue with the selected material and Gate B location but refine the geometry before final manufacture. The raised lip and corners should be smoothed to reduce local thickness changes and cooling imbalance. The camera, button and charging-port cut-outs should have larger radii to reduce tearing risk and weld-line severity. Venting should be added near end-of-flow regions to reduce air traps.
The stress results also suggest that the corners need local improvement. This should be done using controlled local reinforcement rather than thickening the entire case. Local reinforcement would improve impact resistance while limiting the negative effects on material use, cooling time and cost.
[bookmark: _Toc232242934]Table 28 - Recommended design improvements
[image: ]
[bookmark: _Toc232242881]8.5 Future Work
 Further work should include detailed mould-flow analysis with cooling channels, nonlinear drop simulation, physical prototype testing and updated cost calculations using final tooling quotations.

[bookmark: _Toc232242882]9. Conclusion
This report developed and evaluated an injection-moulded mobile phone case using QFD, FMEA, CAD modelling, Granta material selection, Fusion 360 simulation, cost analysis and sustainability review. The main customer requirements were protection, accurate fit, durability, usability, cost and recyclability.
The CAD model included a raised perimeter lip, rounded corners, camera openings, button features and charging-port access. Granta EduPack was used to compare candidate polymers, with TPU Ether, aromatic, Shore A85/D35 selected for its balance of flexibility, tensile strength, elongation, tear resistance, impact performance, cost and injection moulding suitability.
Fusion 360 simulation showed that both gate locations achieved complete filling. Gate B, positioned near the charging-port edge, was selected because it reduced sink mark faces and slightly reduced maximum warpage while hiding the gate mark more effectively. However, both gate options exceeded the warpage tolerance, so further refinement is required.
The stress validation showed that the main weakness was localised around the loaded corner and raised lip. Therefore, the design should be improved through larger radii, smoother transitions and local reinforcement rather than increasing the whole wall thickness. The cost analysis estimated a unit cost of approximately £0.48 and a break-even quantity of 58,333 cases per year. Sustainability should be improved by keeping the case mono-material, recyclable and free from unnecessary inserts or coatings.
Overall, the design is technically and commercially feasible, but it requires further optimisation of warpage, venting, cut-out radii, cooling and physical drop validation before final tooling.
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Property Value Relevance
Price £3.58-£3.73/kg Within cost filter
Density 1110-1130 kg/m° Lightweight
Young’s modulus 0.0204-0.021 GPa Flexible
Tensile strength 31.9-38.9 MPa Durable
Elongation 552-645% Stretchable
Shore A hardness 80-90 Close to target case hardness
Tear strength 78.4-95.4 N/mm Resists tearing near cut-outs
Impact strength 590-600 kJ/m’ Supports drop protection
Injection moulding | Acceptable Manufacturable
Shrinkage 0.507-0.81% Important for fit and warpage
Recyclable Yes Supports end-of-life recovery
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Parameter

Simulation setup

Software Fusion 360 injection moulding simulation
Component Single-piece phone case
Material TPU approximation

Manufacturing
process

Polymer injection moulding

Gate option 1

Rear/internal gate

Gate option 2

Charging-port edge gate

Results compared

Fill confidence, fill time, sink marks, weld lines, warpage
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Result Gate A: rear/internal Gate B: charging-port edge
Fill confidence 100% 100%
Fill time 0.20's 0.63s
Flow behaviour Faster, shorter flow path | Slower, longer flow path
Initial judgement Good filling speed More practical hidden gate

position
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11 faces on your model will have
sink marks and 29 faces will
have weld lines.
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A 2faces on your model will have
sink marks and 3¢ faces will
have weld lines.
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Defect result Gate A Gate B
Sink mark faces 1 2
Weld line faces 29 34
Maximum sink mark | 0.023 mm 0.033 mm

depth

Visual quality
judgement

More sink-mark risk

Fewer sink faces but more
weld-line risk
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The maximum deflection from
the center of your part 15 1259
The warpage exceeds the
tolerance of 1.036 mm that you
have set.
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The maximum deflection from
the center of your part is 1187
.

The warpage exceeds the.
tolerance of 0.979 mm that you
have set.
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Result Gate A Gate B
Maximum warpage 1.259 mm 1.187 mm
Software tolerance 1.036 mm 0.979 mm

Tolerance result

Exceeds tolerance

Exceeds tolerance

Overall judgement

Higher warpage

Slightly improved warpage
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Criteria Gate A Gate B Preferred

Fill confidence 100% 100% Equal

Fill time Faster Slower Gate A
Sink mark faces 1 2 Gate B
Weld line faces 29 34 Gate A
Warpage 1.259 mm 1.187 mm Gate B

Gate mark visibility | More visible/internal | Better hidden near port | Gate B

Overall Good fill speed Better overall balance | Gate B
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Step Calculation Result
Drop height (3\times 0.3048) 0.914m
Potential energy (E=0.20 \times 9.81 \times 0.914) 1791
Stoppingdistance | 5 gy 1000) 0.002m
Eauivalent force (F=1.79\div0.002) 895N
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0 s

Minimum Safety Factor = 1.355

Safety Factor target = 2.00

Calculation: vield Strength

With the analysis criteria in this study setup,
the design is expected to bend permanently
or break.
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Parameter Value
Number of mould cavities 4

Batch size 100 cycles
Parts per batch 400 cases
Setup time 300s

Fill time 0.63s
Cooling time 10s
Return/ejection time 2s
Handling time per cycle 30s
Tooling allowance per cycle 125
Material cost per case £0.30
Tooling cost £2,000
Tool life 20,000 parts
Labour rate £15/hr
Labour overhead 30%
Machine purchase cost £30,000
Machine life 5years
Annual operating time 1,500 hr/year
Equipment overhead 20%
Selling price £1.20/case
Fixed annual overhead £42,000
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Step Calculation Result
Operating time (L0=063+10+2) 12.63s
Toraloyeletme | (o) 63 a0+ 12) 13835

Batch time (b =300 + 100(43.83) 4683 s

Parts per batch (100 \times 4) 400 cases

Time per case (4683 \div 400) 171

Time per case (11.71\div 60) 0.195min
Productionrate | 54\, 0.195) 307.7 cases/hour
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Costitem Calculation Result
Labourcostrate | (15 \qiy 60) times 1.30) £0.325/min
Equipment cost rate ((30000 \div (60 \times 5 \times 1500)) \times 1.20) £0.080/min
Total operating cost

rate (0.325 +0.080) £0.405/min
Tooling cost per case (2000 \div 20000) £0.10/case
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Cost element

Calculation

Result

Material cost

From Granta-based estimate | £0.300
Labourand equipment (0.405 \times 0.195) £0.079
Tooling (2000 \div 20000) £0.100

Total unit cost

(0.300 +0.079 +0.100)

£0.479=£0.48
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Production

Coolingtime | Cycle time calculation | Time per case | " Unit cost

10s (12.63+30+1.2=43.835) | 0.195min 3077 £0.48
cases/hour

155 (17.63+30+1.2=48.835) | 0.216 min 2778 £0.49

cases/hour
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Step

Calculation

Result

Unit selling price

Given assumption £1.20
Unitvariable cost From unit cost analysis £0.48
Contribution percase | (1 50 10 £0.72
Fixed annual cost Given assumption £42,000

Break-even quantity

(42000 \div 0.72)

58,333 cases/year
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Break-even Analysis for Injection-Moulded Phone Case
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Step Calculation Result
Revenue (150000 \times 1.20) £180,000
Variable cost (150000 \times 0.48) £72,000
Totalannualeost | o000 72000y £114,000
Estimated profit | 120000 114000) £66,000
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Recycling and end of life
Recycle

Functional recycle

Climate change (CO2-eq), recycling
Embodied energy, recycling
Recycle fraction in current supply
[Combust for energy recovery
Heat of combustion (net)

[ Combustion CO2

Landfill

Biodegrade
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Design decision Sustainability benefit

Use a single polymer material | Easier recycling and sorting

Avoid metalinserts No disassembly required
Avoid adhesives Reduces contamination
Avoid paint/coatings Improves recyclability

'Add moulded material marking | Helps identify the polymer at end of life
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Cooling time

Production rate

Sustainability implication

10s 307.7 Higher output and lower energy per
cases/hour part

155 2778 May reduce warpage but increases
cases/hour machine time

Optimised Target outcome | Balance between quality and

cooling

energy efficiency
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‘Waste source

Cause

Reduction action

Warped parts

Uneven cooling and
shrinkage

Improve wall uniformity and cooling
design

Sinkmarks | Thick local features Reduce material build-up and
smooth transitions

Weld lines Flow fronts meeting 'Add radii and improve venting
around cut-outs

Gatewaste | Excess material at Use a small, hidden gate
injection point

Excess Over-thickened design | Use local reinforcement only

material

Start-up scrap

Process instability

Optimise process settings before
full production
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Customer Evidence from project Judgement
requirement
Drop TPU material selected with high Partly met, but
protection elongation, tear strength and impact | corners need local
strength; stress analysis identified | refinement
corner loading behaviour
Accuratefit | Warpage results exceeded Fusion | Notfully met;
tolerance for both gate options warpage must be
reduced
Lightweight | Material density remained within | Met
Granta filter range; single-piece
design avoids extra inserts
Durability Selected material has good tensile | Met from material
strength, elongation and tear perspective
resistance
Button/port | CAD includes camera, side-button | Met geometrically,
access and charging-port cut-outs but cut-out radii need
improvement
Visualquality | Gate B reduced sink mark faces Improved, butweld
from11to2 lines remain a risk
Cost Estimated unit cost approximately | Metif production
effectiveness | £0.48 per case volume is high

enough

Sustainability

Selected material is recyclable and
can be used as a mono-material
design

Partly met; end-of-life
marking should be
added
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Trade-off | Benefit Limitation Final judgement

Thicker Better protection | Higher cost, cooling | Use local

walls and stiffness time, sink marks and | reinforcement only

warpage

Softer Better grip and Poorer dimensional Use balanced flexible

material | flexibility retention material

Cheaper Lower unit cost Lower durability and Select material based

material tear resistance on performance

balance

Longer May reduce Reduces production | Optimise cooling, not

cooling warpage rate maximise it

Edgegate | Less visible gate | Longer fill time and Preferred with further
and fewer sink weld-line risk refinement

faces
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Area Recommended Reason
improvement

Corners Increase radius and add local | Reduces stress.
reinforcement concentration

Raised lip Smooth transition into main | Reduces warpage and sink
wall risk

Camera/button | Add larger radii Reduces tearing and weld-

cut-outs line weakness

Gate position

Continue with Gate B

Better overall moulding
balance

Venting ‘Add vents near flow-end Reduces air traps and
regions weld-line defects
Cooling Optimise cooling channel | Reduces warpage without

layout and cooling time

excessive cycle time

Wall thickness

Keep uniform where possible

Improves dimensional
accuracy

Sustainability

Add moulded TPU
identification mark

Improves end-of-life
sorting
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Customer
requirement

Engineering requirement

Reason for importance

Drop protection

Raised edges, corner radius,
impact-absorbing material

Protects the most vulnerable
phone regions during impact

Low material density and

Improves comfort and

Lightweight controlled wall thickness reduces material cost
Low stiffness and high Allows the case to stretch
Flexible fit elongation material over the phone during fitting
Dimensional Controlled shrinkage and Ensures camera, button and
accuracy reduced warpage port alignment

Good tensile strength, tear
strength and abrasion
resistance

Prevents failure during
repeated handling

Comfortable grip

Rounded edges and
elastomeric feel

Improves user experience

Button/port
access

Accurate cut-outs with suitable
clearance

Maintains full phone
functionality

Visual quality

Reduced sink marks, weld
lines and visible gate marks

Improves perceived product
quality

Low cost

Efficient material use and short
cycle time

Supports commercial viability

Sustainability

Recyclable material and
single-material design

Improves end-of-life recovery





