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[bookmark: _Toc232402081]Abstract
The aim of this project was to design and evaluate an injection moulded protective case for the Apple iPhone 15 using a structured engineering design methodology. Customer requirements were identified and translated into engineering characteristics through the application of Quality Function Deployment, whilst potential design risks were assessed using Failure Modes and Effects Analysis.
A material selection study was conducted using Ansys Grant EduPack, resulting in Acrylonitrile Butadiene Styrene (ABS) being selected due to its favourable balance of impact resistance, manufacturability, cost and sustainability. The phone case was subsequently modelled using SolidWorks and optimised in accordance with Design for Manufacture and Assembly principles. Design validation was undertaken through wall thickness analysis, mass property calculations and injection moulding feed system design.
Manufacturing simulation were performed in AutoDesk Fusion 360 to assess mould filling behaviour, visual defects and warpage. Initial simulation results identified localised filling difficulties, which were addressed by relocation of the injection point to improve material flow. The revised design achieved 100% fill confidence and reduced filling time whilst maintaining acceptable warpage performance. Structural validation was also conducted using finite element analysis, where the design achieved a minimum factor of safety of 3.36 under a representative service load. 
The final design successfully satisfied the project requirements and demonstrated suitability for high-volume manufacture using injection moulding.


[bookmark: _Toc232402082]Introduction
The smartphone market has created a significant demand for protective accessories that enhance device durability while maintaining functionality and aesthetic appeal. Mobile phone cases are among the most widely produced customer accessories, requiring efficient manufacturing processes capable of supporting high volume production whilst maintaining quality standards. As a result, the application of design for manufacture (DFM) and design for Assembly (DFA) principles is essential to ensure that products can be produced reliably and sustainably.
	This report focuses on the design and optimisation of a protective case for the apple iPhone 15. The geometry of the case was developed using dimensional requirements obtained from the Apple Accessory Design Guidelines (Inc, 2004) ensuring compatibility with the device whilst maintaining access to ports, button, cameras, sensors and charging functionality. Attention was given to maintaining a maximum wall thickness of approximately 2.1mm, as specified within the design guidance, whilst providing sufficient structural rigidity and impact protection.
	The primary objective of this project is to develop a mobile phone case suitable for high-volume polymer manufacturing through injection moulding. The design was created using SolidWorks CAD software before being imported into Autodesk Fusion for Simulation and validation. Design decisions were informed by established DFM and DFA methodologies to minimise manufacturing complexity, reduce material consumption, and improve product functionality.
	Material Selection forms a critical aspect of the design process and has been undertaken by Granta Edu Pack material selection database. Candidate materials were assessed against performance requirements including strength, impact resistance, cost manufacturability, and sustainability. The selected material was subsequently evaluated through simulation to assess its suitability for application.
	To validate the design, finite element analysis (FEA) was conducted within Autodesk Fusion to investigate stress distribution, deformation behaviour and overall structural performance under representative loading conditions. In addition, manufacturing considerations, production costs, sustainability impacts, and potential design improvements are examined throughout the report.
	The overall aim of the project is to demonstrate the application of engineering design methodologies to produce an optimised mobile phone case that satisfies customer requirements whilst balancing performance, manufacturability, cost-effectiveness and environmental responsibility.
[bookmark: _Toc232402083]Literature Review
[bookmark: _Toc232402084]Injection Molding 
Injection molding is a manufacturing process used to produce polymer components in high volumes with excellent dimensional accuracy and repeatability (Kalpakjian, 2024). Due to its ability to manufacture complex shapes quickly and efficiently, it is widely used within the consumer electronics industry for products such as mobile phone cases and device housings.[image: ]
[bookmark: _Toc232402130]Figure 3.5.1‑1-1 - Diagram representing injection molding process (Cornejo, 2015)
As shown in Figure 3-1-1, polymer pellets are heated until they reach a molten state, the material is then injected through sprue, runner and gates system, allowing it to flow into the mold cavity where the required component geometry is formed. After the material has cooled and solidified, the mold opens and the finished component is ejected.
Injection moulding offers high production rates, consistent product quality and low manufacturing costs when producing large quantities of components. The process can produce thin-walled components with complex geometries and high-quality surface finish. However, defects such as warpage, sink marks and air traps may occur if appropriate DFM principles are not applied.
[bookmark: _Toc232402085]Design For Manufacture (DFM)
Design for manufacture is an engineering design methodology that aims to simplify manufacturing processes whilst reducing production costs and improving product whilst reducing production costs and improving product quality (Boothroyd, 1994). The principle of DFM is to consider manufacturing requirements during the design stage rather than addressing manufacturing issues after a product has been developed. This approach helps minimise production difficulties, reduce material waste and improve overall manufacturing efficiency.
[bookmark: _Toc232402086]Design for Assembly (DFA)
Design for assembly (DFA) is a design methodology that aims to simplify product assembly by reducing the number of components, minimising assembly operations and improving manufacturing efficiency (Boothroyd, 1994). By considering assembly requirements during the design stage, manufacturers can reduce production costs, improve product reliability and decrease the likelihood of assembly errors. As the proposed phone case is a single component, no secondary processes are required
[bookmark: _Toc232402087]Materials used in Mobile Phone Cases
Mobile phone cases are commonly manufactured from polymers such as ABS, polycarbonate (PC), thermoplastic polyurethane (TPU) and PC-ABS blends. These materials are widely used due to their combination of low weight, durability and suitability for injection moulding. The selection of appropriate material is critical as it influences the products’ mechanical performance, manufacturing cost, environmental impact and user experience. Whilst TPU provides excellent flexibility and impact absorption, materials such as ABS and PC-ABS offer improved rigidity and dimensional stability. Consequently, material selection requires consideration of performance, cost and sustainability requirements. The suitability of these materials and others for the proposed design will be assessed in Section 5 using Granta EduPack.
[bookmark: _Toc232402088]Engineering Design and Analysis Tools
[bookmark: _Toc232402089]Computer Aided Design (CAD)
Computer aided design (CAD) is widely used throughout the engineering industry to create, modify and optimise product designs (Groover, 2020). CAD software enables engineers to develop accurate three-dimensional models, evaluate design concepts and produce detailed engineering drawings prior to manufacture. The use of CAD reduces development time, improves design accuracy and allows modifications to be implemented efficiently during the design process. CAD models can also be integrated with simulation software, allowing products to be analysed and validated before physical prototypes are produced. 
[bookmark: _Toc232402090]Finite Element Analysis (FEA)
Finite element analysis (FEA) is a simulation technique to predict the behaviour of components under applied loads and operating conditions. (Donald., 2020) The method divides a complex geometry into a large number of smaller elements, allowing mathematical calculations to be performed across the entire model. This enables engineers to evaluate stress, strain and deformation without the need for physical prototypes.
[bookmark: _Toc232402091]Design Requirements
[bookmark: _Toc232402092]Customer Requirements
The customer requirements for the proposed iPhone 15 case were established using information from the project brief, Apple Accessory Design Guidelines and typical user expectations of a phone case. These requirements were used to create a design specification that guided the development of the final product.
The primary function of the case is to provide protection to the device whilst maintaining full access to all device features. Consequently, the design must allow unobstructed access to the charging port, speakers, buttons, cameras and sensors. In addition, the case must be dimensionally compatible with the device outlined within the Apple accessory design guidelines (Inc, 2004) to ensure correct fitment. Alongside functional requirements, the design must consider manufacturing and commercial objectives. The design must be suitable for high-volume manufacture, avoid manufacturing defects, remain cost effective and utilise sustainable materials.

[bookmark: _Toc232402131]Figure 3.5.2‑1-1 - Graph showing requirements importance.

[bookmark: _Toc232402093]QFD Analysis
[image: The image is a Quality Function Deployment (QFD) matrix used to evaluate various attributes of a phone case, including strength, weight, durability, and environmental impact, with a focus on identifying the most important factors.

AI-generated content may be incorrect.]
[bookmark: _Toc232402132]Figure 3.5.2‑1-1- QFD Analysis
As shown in Figure 4-2-1, the QFD analysis identified wall thickness, impact strength and dimensional accuracy as the most important engineering characteristics. Wall thickness achieved the highest weighting due to its influence on both structural performance and manufacturability. Maintaining an appropriate wall thickness is important to ensure adequate impact resistance while minimising defects such as warpage and sink marks during production. Impact strength was also identified as a vital requirement because it directly affects the cases’ ability to protect the device during accidental drops. Finally dimensional accuracy was prioritised to ensure the case remained compatible with an iPhone 15 as outlined in Apple accessory guidelines. Consequently, these parameters were prioritised during the design process and heavily influenced materials selection and simulation activities.
[bookmark: _Toc232402094]FMEA Analysis
[image: The image is a Failure Mode and Effects Analysis (FMEA) worksheet for a mobile phone case, detailing potential failures such as cracking, warpage, and sink marks, along with recommended actions to mitigate these issues.

AI-generated content may be incorrect.]
[bookmark: _Toc232402133]Figure 3.5.2‑1-1 - FMEA Analysis
	The FMEA identified warpage as the highest risk failure mode with an RPN of 160. This is primarily due to its potential impact on dimensional accuracy and compatibility with an iPhone 15. Consequently, maintaining a uniform wall thickness was prioritised during the design process. Additional risks including case cracking, sink marks and excessive deformation were mitigated through material selection, design for manufacture principles and simulation activities. The implementation of these actions significantly reduced the calculated RPN values, demonstrating an improvement in product reliability and manufacturing.
[bookmark: _Toc232402095]Material Selection
Material Selection is a critical stage in the design process as it directly influences product performance, manufacturability, cost and environmental impact (Ashby, 2026). The selected material must satisfy the customer requirements and engineering characteristics identified during the QFD and FMEA analyses whilst remaining suitable for high volume manufacture through injection moulding.
The design developed for this project consists of a protective case for the Apple iPhone 15 with a nominal wall thickness of 2.1mm. Consequently, the material must possess adequate impact resistance to absorb energy from accidental drops whilst maintaining dimensional stability and resistance to cracking or permanent deformation. In addition, the material must be capable of producing a high-quality surface finish and accurately reproducing the detailed features present within the CAD model.
To support the material selection process, a benchmarking exercise was conducted using Granta to evaluate materials commonly used in mobile phone case manufacture. The benchmarking results were subsequently used to establish a material selection criteria and support the final material selection process.
[bookmark: _Toc232402096]Benchmarking Exercise
[image: ]
Table 5.1‑1 - Material Benchmarking Exercise
A benchmarking exercise was conducted using Granta to evaluate four materials commonly used in the manufacture of mobile phone cases: ABS, PC, TPU and PC-ABS (Ansys, 2025). The materials were compared against key performance criteria identified through the QFD and FMEA analyses, including density, tensile strength, stiffness, impact resistance and material cost. 
Although polycarbonate provided excellent mechanical performance, it also possessed the highest material cost by a significant margin. PC-ABS offered a more balanced combination of impact resistance, stiffness and cost effectiveness, whilst TPU exhibited excellent impact resistance but reduced structural rigidity. Consequently, PC-ABS and TPU were identified as strong candidates for further investigation.
[bookmark: _Toc232402097]Material Selection Criteria
The material selection criteria were developed to enable a systematic screening of candidate materials within Granta. Based on customer requirements, QFD Analysis, FMEA analysis and findings from the benchmarking exercise, several key material properties were identified for evaluation. These properties were selected to ensure the material could provide adequate protection for the device, maintain structural integrity during use and remain suitable for high volume injection moulding manufacture. 
The criteria were applied as screening limits within Granta to reduce the material database to a manageable number of suitable candidates for further assessment. In addition to the requirements below and an initial screening process was introduced to restrict the material database to only those that can be injection moulded, reflecting the manufacturing process of the phone case.

	Property
	Requirement
	Justification

	Density
	< 1200 Kg/m3
	Maintain Lightweight Design

	Tensile Strength
	>35 Mpa
	Reduce risk of cracking and failure

	Young's Modulus
	> 2 Gpa
	Maintain dimensional stability and fitment

	Impact Strength
	100 kJ/m2
	Provide protection against accidental drops

	Cost
	< £4/Kg
	Support cost effective manufacture

	Recyclable
	Yes
	Meet sustainability objectives


Table 5.2‑1 - Table of Material Requirements
During the initial screening process, impact strength was excluded as a limiting criterion due to incomplete material data across a significant proportion of the candidate materials within the Granta database. However, impact resistance remained an important requirement and was subsequently assessed during the benchmarking and Ashby Chart analysis. This approach ensured that candidate material were not excluded while still allowing impact performance to influence the final material selection decision.
[bookmark: _Toc232402098]Ashby Chart Analysis
[image: ]
Figure 5.3‑1 - Fracture Toughness v Density
Figure 5.3.1 compares fracture toughness against density for the screened materials. This chart was used to identify material capable of providing high resistance to crack propagation while maintaining a lightweight design. 
[image: ]
Table 5.3‑2 - Young's Modulus v Density
Figure 5.3.2 compares Young’s modulus against density for the screened materials. Materials positioned towards the upper-left region provide the most favourable balance between stiffness and weight. This chart was used to identify material capable of maintaining dimensional stability and accurate fitment to the iPhone 15 while minimising overall product mass.
[image: ]
Table 5.3‑3 - Price v Tensile Strength
Figure 5.3.3 compares tensile strength against material price for the screened materials. Materials located towards the upper-left corner of the chart offer the best balance between cost and tensile strength. 
[image: ]
Table 5.3‑4 - Climate Change Impact v Cost
Figure 5.3.4 compares the climate change impact of the screened materials against material cost. Materials located towards the lower left region on the chart are most desirable as they offer both low environment impact and low material cost. This analysis supports the consideration of sustainability alongside mechanical performance and manufacturing requirements during the material selection process.
[bookmark: _Toc232402099]Final Material Selection
[image: ]
[bookmark: _Toc232402134]Figure 3.5.2‑1 – Final Candidate Material Comparison
Following the benchmarking exercise, material screening process and Ashby chart analysis a final comparison was conducted between the benchmark materials and the polypropylene candidate identified using the Granta screening process. The comparison considered mechanical performance, manufacturability, cost and sustainability to ensure the selected material satisfies all project requirements.
PC-ABS provided a favourable balance of impact resistance, stiffness and cost effectiveness, although it did not satisfy the recyclability criterion established within the material selection process and was therefore excluded from further consideration.
Polypropylene (20% glass fibre) emerged as a strong candidate during the screening stage due to its low density, impressive stiffness-to-weight ratio and low environmental impact. However, as shown in Figure 5.4.1, ABS offered a more balance combination of mechanical performance, cost effectiveness and suitability for consumer product applications. In addition, ABS is widely used in injection moulded housing due to its good dimensional stability, ease of processing and ability to produce high-quality surface finishes.
Consequently, ABS was selected as the preferred material for the iPhone 15 case. The material satisfied all screening criteria, provided adequate stiffness and strength for the application, supported the sustainability objectives of the project and remained economically viable for high-volume manufacture. ABS was therefore used for all subsequent design development, manufacturing and simulation activities.
[bookmark: _Toc232402100]Design and Development
[bookmark: _Toc232402101]CAD Development
The iPhone 15 case was developed using SolidWorks CAD software (Systèmes, 2025). Dimensional information was obtained from the Apple Accessory Design Guidelines to ensure compatibility with the device and maintain access to all functional features including the charging port, speakers, camera system and side buttons. The modelling process began with the creation of the external phone profile before a shell feature was applied to generate a nominal wall thickness of 2.1mm. Additional features including button openings, camera cut-outs, edge chamfers and protective lips were then incorporated to improve functionality and user experience. Throughout the modelling process, consideration was given to manufacturability, dimensional accuracy and structural performance to ensure the design remained suitable for high-volume injection moulding manufacture.

[image: ]
[bookmark: _Toc232402135]Figure 3.5.2‑1 - Isometric view on Model

[image: ]
[bookmark: _Toc232402136]Figure 3.5.2‑2 - Side Profile view on model
[bookmark: _Toc232402102]Design Optimisation
The design optimisation process was guided by the findings of the QFD and FMEA analyses. The QFD identified wall thickness, impact strength and dimensional accuracy as the most important engineering characteristics, while the FMEA identified warpage as the highest risk failure mode. 
A nominal wall thickness of approximately 2.1mm was maintained throughout the majority of the design to balance structural performance, material usage and manufacturability. Large corner radii were incorporated throughout the design to reduce stress concentrations and improve material flow during injection moulding. A raised feature was incorporated around the camera opening to provide additional protection for the camera assembly. Localised chamfers were introduced to reduce unnecessary material usage whilst maintaining structural integrity.
[bookmark: _Toc232402103]Thickness Analysis
A wall thickness analysis was conducted with SolidWorks to verify compliance with DFM principles and assess thickness consistency throughout the component. The results, shown in Figure 6.2-1, indicate that the majority of the case maintains a near-uniform wall thickness between approximately 1.5mm to 2.0mm. Localised increases in thickness are present around the camera protection ring and corner regions where additional material was intentionally introduced to improve structural integrity and impact protection. The results demonstrate that the final design maintains largely uniform wall thickness whilst providing localised reinforcement around critical features. This support DFM principles and reduces the likelihood of defects such as warpage and sink marks.
[image: The image displays a 3D model of a smartphone, with measurements indicating the dimensions of various components, specifically the screen size at 1.5000mm, and additional parts at 1.6200mm, 1.7400mm, 1.8600mm, and 1.9800mm.

AI-generated content may be incorrect.]
[bookmark: _Toc232402137]Figure 6.2.1‑1 - Thickness Analysis of Design.
[bookmark: _Toc232402104]Mass Properties Analysis
[image: Volume,

AI-generated content may be incorrect.]
[bookmark: _Toc232402138]Figure 6.2.2‑1 - Mass Properties of Design
A mass properties analysis was conducted within SolidWorks to determine the geometric properties of the final design. The analysis indicated a total surface area of 27,179mm² and a component volume of 20,573mm³. These values provide a basis for the subsequent injection moulding feed system calculations and demonstrate that the design remains relatively lightweight whilst remaining the protective features required by the design specification.
[bookmark: _Toc232402105]Design Validation
The final design was validated against the customer requirements, QFD analysis and FMEA findings developed during the earlier stages of the project. Particular emphasis was placed on dimensional accuracy, impact resistance and manufacturability, as these characteristics were identified as the most critical design requirements. Validation activities included dimensional check against the apple accessory design guidelines, material selection using Granta and wall thickness analysis within SolidWorks. These assessments were conducted to verify that the design could satisfy both functional and manufacturing requirements prior to production. The dimensional checks confirmed that the case geometry maintained the necessary clearances for the charging port, camera assembly, speakers and side buttons. In addition, the wall thickness analysis demonstrated that the design maintained a largely uniform wall section, reducing the likelihood of manufacturing defects such as warpage and sink marks. The material selection process confirmed ABS provided a suitable balance of mechanical performance, manufacturability, cost effectiveness and sustainability for the proposed application.
Collectively, these validation activities provided confidence that the design satisfies the requirements established during the design specification stage and is suitable for further manufacturing development.
[bookmark: _Toc232402106]Injection Moulding Feed System Design
The purpose of the feed system design is to ensure molten ABS is delivered efficiently from the injection moulding machine nozzle into the cavity. The feed system consists of a sprue, runner and gate which collectively influence filling behaviour, pressure losses and part quality.
As the SolidWorks model did not have ABS assigned during the mass properties analysis, the component mass was estimated using the calculated component volume and the density of ABS obtained from Granta.
Therefore,

	Parameter
	Value

	Material
	ABS

	Part Volume
	20, 573mm³

	Estimated Part Mass
	20.98g

	No of Cavities
	1

	Gate Location 
	Chargin Port Opening



The feed system calculations were based on the final CAD model developed in SolidWorks and the selected ABS material. A single cavity mould was assumed due to the scope of the project and the relatively large projected area of the component. The gate was positioned at the charging port opening to promote balanced material flow whilst minimising the visual impact of the gate vestige.
In the absence of a detailed mould layout, a runner length of 50mm was assumed. This value represents a typical runner distance for a single cavity mould of this size.
[bookmark: _Toc232402107]Runner Diameter Calculation
Therefore, the calculated runner diameter was 3.29mm. For manufacturing purposes, this value was rounded to a standard diameter of 3.5mm
[bookmark: _Toc232402108]Sprue Calculation
	Parameter
	Value

	Small Diameter
	4mm

	Sprue Length
	50mm

	Taper Angle
	2˚




Therefore,
· Small End = 4mm 
· Large End = 7.5mm
The feed system calculations resulted in a runner diameter of 3.5mm and a sprue taper ranging from 4mm to 7.5mm. The selected edge gate location at the charging port opening promotes balanced cavity filling whilst minimising cosmetic defects and post-processing requirements. Collectively, these design decisions provide a suitable feed system arrangement for the proposed single-cavity ABS injection mould.
[bookmark: _Toc232402109]Gate Selection
An edge gate located at the charging port was selected. This location promotes balanced filling of the cavity whilst minimising the visual impact of the gate vestige. The position also allows the gate to be removed within an existing functional opening, reducing post-processing requirements. Charging port location also reduces the risk of weld lines forming around critical functional features such as the camera opening and side buttons
[bookmark: _Toc232402110]Key Design Features
	Feature
	Purpose

	Camera Protection Lip
	Protect camera lenses from contact with surfaces

	Raised perimeter edge
	Improve screen protection

	Corner Radii
	Reduce stress concentrations and improve impact resistance

	Uniform wall thickness
	Reduce warpage and sink marks

	Button cut-outs
	Maintain full device functionality

	Chamfered lower edge
	Reduce material usage and improve aesthetics

	Single-piece construction
	Simplify Manufacture



[bookmark: _Toc232402111]Design for Manufacture and Assembly (DFM/DFA) considerations
The final design was developed in accordance with the DFM and DFA principles discussed within the literature review. Uniform wall thickness was maintained throughout the majority of the component to promote consistent cooling and reduce the likelihood of warpage during injection moulding. Large radii and smooth transitions were incorporated to improve material flow and minimise stress concentrations. From a DFA perspective, the design consists of a single-piece component requiring no secondary assembly operations. This reduces manufacturing complexity, minimises assembly related defect and supports efficient high-volume production.
[bookmark: _Toc232402112]Simulation and Validation
Simulation and validation activities were conducted using Autodesk Fusion 360 to assess the manufacturability of the proposed iPhone 15 case and verify that the design decisions implemented during the optimisation stage achieved the intended performance improvements. The simulations focused on the injection moulding process as this was identified as the proposed manufacturing method during the design development stage. Attention was given to material flow behaviour, visual defects and warpage, as these factors have a significant influence on component quality and were identified as key concerns during the FMEA analysis.
The objective of the simulations was to evaluate the effectiveness of the selected gate location, assess the suitability of the wall thickness distribution and identify any manufacturing defects that may occur during production. The results were subsequently used to guide further design improvements and validate the final design prior to manufacture.
[bookmark: _Toc232402113]Initial Injection Moulding Simulation
An initial injection moulding simulation was performed using the selected ABS material and a single edge gate located at the charging port opening. This gate location was selected during the feed system design process due to its ability to minimise visible gate marks whilst promoting material flow into the cavity. The simulation evaluated fill confidence, visual defects and warpage behaviour using the final CAD geometry developed in Section 6.
[bookmark: _Toc232402114]Fill Analysis
[image: The image shows a 3D model of an injection molded part, with a visual representation of a fill simulation indicating potential issues like warpage and difficulty filling, alongside a sidebar with steps to optimize the process.
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[bookmark: _Toc232402139]Figure 7.1.1‑1 - Mould fill analysis
The fill confidence analysis was conducted to assess the ability of the molten ABS to completely fill the cavity under the specified processing conditions. Figure 7.1.1-1 illustrates the fill confidence results obtained from Fusion 360.
The results indicate that approximately 85.8% of the component was classified as easy to fill, whilst 14.2% was identified as difficult to fill. The difficult to fill regions were primarily concentrated around the upper perimeter of the component and the camera protection feature. These areas represent the sections furthest from the gate location and therefore experience the greatest pressure losses during filling.
Despite the 14.2% difficulty to fill, the results demonstrate that the majority of the component can be successfully filled using the proposed gate location. The relatively uniform wall thickness implemented during the design optimisation stage contributed to the favourable filling performance by promoting consistent material flow throughout the cavity.
[bookmark: _Toc232402115]Visual Defect Analysis
A visual defect analysis was performed to identify potential cosmetic and manufacturing defects that may occur during moulding. The simulation predicted the presence of six faces susceptible to sink marks and seventeen faces containing weld lines, as shown in Figure 7.1.2-1
[image: The image displays a 3D simulation model of a device, showing various potential defects like sink marks and weld lines, along with options to adjust parameters to reduce these issues.

AI-generated content may be incorrect.]
[bookmark: _Toc232402140]Figure 7.1.2‑1 - Initial Defect Analysis
The predicted sink mars were primarily associated with localised increases in wall thickness around protective features and geometric transitions. Weld lines were observed where multiple flow fronts converged during cavity filling, particularly around the camera opening and side feature regions. Although these defects are not expected to prevent component functionality, they may slightly reduce aesthetic quality.
[bookmark: _Toc232402116]Warpage Analysis
[image: The image displays a 3D model of an iPhone case with a simulation of warpage, showing a maximum deflection of 0.388 mm, which exceeds the set tolerance of 0.319 mm.

AI-generated content may be incorrect.]
[bookmark: _Toc232402141]Figure 7.1.3‑1 – Initial Warpage Analysis
A warpage analysis was conducted to evaluate dimensional stability following mould cooling and solidification. Warpage was identified as the highest-risk failure mode during the FMEA analysis and therefore represents a critical validation criterion. The warpage analysis predicted a maximum deflection of 0.388mm, occurring primarily around the upper perimeter of the case. This region corresponds closely to with the areas identified as difficult to fill. The results indicate that differential cooling and shrinkage may occur within this region during manufacture. Although the simulation highlights a potential tendency for deformation, the predicted warpage remains relatively small when compared to the overall dimensions of the component
[bookmark: _Toc232402117]Design Modifications
The initial simulation identified localised filling difficulties, weld lines and increased warpage around the upper perimeter of the component. These regions were located furthest from the selected gate location. To reduce flow path length and improve cavity filling, the gate was moved from the charging port to the middle of the phone case. This modification was intended to decrease the flow path length, improve filling consistency and minimise the occurrence of manufacturing defects. A second simulation was subsequently conducted using the revised gate location to evaluate the effectiveness of the modification.
[bookmark: _Toc232402118]Modified Fill Analysis
[image: The image shows a green screen with a diagram illustrating a device being filled, indicating a complete fill with a time of 0.74 seconds.
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[bookmark: _Toc232402142]Figure 7.2.1‑1 - Modified Fill Analysis
[image: The image displays a colorful gradient animation on a smartphone screen, with a graph depicting the fill animation's duration and intensity.

AI-generated content may be incorrect.]
[bookmark: _Toc232402143]Figure 7.2.1‑2 - Modified Fill Time Analysis
The revised fill confidence analysis is shown in Figure 7.2.1-1. The results indicate that 100% of the component was classified as easy to fill, representing a significant improvement compared to the initial simulation. Relocating the injection location closer to the centre of the component reduced the maximum flow path length and promoted more uniform material flow throughout the cavity. The predicted fill time was reduced from 0.85s to 0.74s, further demonstrating the improved filling performance.
[bookmark: _Toc232402119]Modified Visual Defect Analysis
[image: The image displays a 3D model simulation showing a front view with measurements of sink mark depths, indicating that 6 faces have sink marks and 26 have weld lines.
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[bookmark: _Toc232402144]Figure 7.2.2‑1 - Modified Visual Defect Analysis
The revised visual defect analysis identified six faces susceptible to sink mark and twenty-six faces containing weld lines. Whilst the number of predicted weld lines increased compared to the initial simulation, this was expected due to the altered flow pattern created by the central injection location. Material now flows outward in multiple direction before converging around the feature such as the camera opening and side button cut-outs. The number of predicted sink mark locations remained unchanged, indicating that the modification did not adversely affect local wall thickness behaviour.
[bookmark: _Toc232402120]Modified Warpage Analysis
[image: The image displays a 3DS Max model of an iPhone 5 with a highlighted warpage exceeding the specified tolerance.

AI-generated content may be incorrect.]
[bookmark: _Toc232402145]Figure 7.2.3‑1 - Modified Warpage Analysis
The revised warpage analysis predicted a maximum deflection of 0.383mm, compared to 0.388mm for the initial design. Although the reduction was relatively small, the results indicate a slight improvement in dimensional stability. The improved filling balance achieved by relocating the injection location contributed to a more uniform material distribution throughout the component. The final results demonstrate that the revised gate location provides improved manufacturability whilst maintain acceptable dimensional performance.
	Parameter
	Initial Design
	Revised Design

	Easy to Fill
	85.82%
	100%

	Difficult to Fill
	14.18%
	0%

	Fill Time
	0.85s
	0.74s

	Sink Mark Faces
	6
	6

	Weld Line Faces
	17
	26

	Maximum Warpage
	0.388mm
	0.383mm



[bookmark: _Toc232402121]Loads and Boundary conditions
A static stress analysis was conducted in Autodesk Fusion 360 to assess the structural performance for the phone case under typical service conditions. ABS material properties were assigned to the model, and the internal surfaces were constrained to represent support provided by the iPhone 15. A lateral force of 20N was applied to the rear surface of the case to simulate normal handling and user-applied loading. The simulation evaluated displacement, stress distribution and factor of safety.
[image: The image shows a diagram illustrating a force vector with a magnitude of 20.00 Newtons.

AI-generated content may be incorrect.]
[bookmark: _Toc232402146]Figure 7.2.3‑1 - Applied Boundary Conditions and 20N Loading
[bookmark: _Toc232402122]Structural Analysis
The simulation predicted a maximum displacement of 1.746mm and a maximum Von Mises stress of 5.95 MPa. The highest stresses occurred around corner radii and geometric transitions, although all values remained well below the yield strength of ABS. The component achieved a minimum factor of safety of 3.36, indicating that the design can safely withstand the applied loading condition without the risk of failure.
[image: The image displays a colorful stress distribution visualization, with values ranging from 1.751E-04 to 5.94 MPa, indicating the variation of Von Mises stress across a front section.

AI-generated content may be incorrect.]
[bookmark: _Toc232402147]Figure 7.3.1‑1 - Von Mises Stress Distribution
[image: The image displays a 3D model of a smartphone with a color gradient from blue to red, and a graph on the side showing the displacement values in millimeters.

AI-generated content may be incorrect.]
[bookmark: _Toc232402148]Figure 7.3.1‑2 - Total Displacement Distribution
[image: The image displays a 3D-rendered smartphone case with a blue background, highlighting a safety factor display with various numerical values indicating safety compliance levels.

AI-generated content may be incorrect.]
[bookmark: _Toc232402149]Figure 7.3.1‑3 - Factor of Safety Distribution
[bookmark: _Toc232402123]Validation Summary
The simulation results demonstrate that the final design satisfies the structural requirements identified during the design specification stage. The low stress level and acceptable factor of safety confirm that the selected ABS material and optimised geometry provide adequate strength and stiffness for the intended application.
[bookmark: _Toc232402124]Cost Calculation Analysis
A cost analysis was conducted to evaluate the economic viability of manufacturing the proposed case using injection moulding. The analysis considered production time, material consumption, labour costs, equipment costs and tooling costs. Simulation results obtained from Fusion 360 were used where possible, whilst reasonable manufacturing assumptions were adopted for parameter that were not available from the simulation.
[bookmark: _Toc232402125]Production Time Analysis

· 
· 
· 
· 
	Fill Time
	0.85s

	Packing Time
	6.11s

	Processing Time
	6.96s

	Handling Time
	3.00s

	Tool Handling Time
	0.00s



Therefore,



Assuming a batch quantity of 1000 parts and a set-up time of 60 minutes:



The average production time per component was calculated as 



The hourly production rate was therefore:



[bookmark: _Toc232402126]Cost Analysis

· 
· 
· 
· 
The fusion 360 simulation predicted a component mass of 0.021kg. Assuming an ABS material cost of £2.50/kg.


Labour Cost
Assuming:
· Labour rate = £15/hr
· Labour overhead = 25%



Equipment Cost
Assuming:
· Machine Purchase Cost = £50,000
· Service Life = 10 Years
· Annual operating hours = 20%



Operating Cost Rate





Tooling Cost
Assuming:
· Tool Cost = £10,000
· Tool Life = 500,000 Cycles


Cost per Component


Therefore, the estimated manufacturing cost of the proposed phone case is approximately £0.16 per component.
[bookmark: _Toc232402127]Economic Assessment
The calculated manufacturing cost demonstrates that injection moulding is a highly economical process for high-volume production of the phone case. Whilst tooling costs are significant, the cost is distributed across a large number of components, resulting in a low cost.
A break-even analysis was conducted to determine the number of unit required to recover the initial tooling investment. A selling price of £5.00 per unit was assumed based on comparable consumer products.




[bookmark: _Toc232402150]Figure 7.3.2‑1 - Break-Even Analysis Chart
[bookmark: _Toc232402128]Conclusion
The aim of this project was to develop an injection moulded iPhone 15 protective case that satisfied customer requirements whilst incorporating DFM principles and demonstrating suitability for high-volume production. A structured design methodology was adopted throughout the project, incorporating customer requirement analysis, QFD, FMEA, CAD development, simulation and cost analysis.
The final design was developed in SolidWorks and incorporated several features intended to improve both product performance and manufacturability, including a largely uniform wall thickness, corner radii, camera protection features and a single-piece construction. Feed system calculations were performed to determine suitable sprue and runner dimensions for injection moulding manufacture.
Autodesk Fusion 360 simulations were used to validate the design. Relocating the injection point improved fill confidence 85.82% to 100% and fill time reduced from 0.85s to 0.74s. Structural analysis demonstrated a maximum Von mises stress of 5.95 MPa and a minimum factor of safety of 3.36 under representative service loading conditions, confirming that the design possesses adequate strength for its intended application.
The cost analysis estimated a manufacturing cost of approximately £0.16 per component, demonstrating the economic suitability of injection moulding for large-scale production. Overall, the final design successfully satisfies the design specification stage and is considered suitable for commercial production.
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