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Abstract
This report presents the design, optimisation, and validation of an injection moulded mobile phone housing developed to meet customer requirements while ensuring manufacturability, cost efficiency, and sustainability. A structured engineering approach was adopted, integrating Quality Function Deployment (QFD) to translate customer needs into measurable design specifications, and Failure Modes and Effects Analysis (FMEA) to identify and mitigate potential product and process failures. Design of Experiments (DOE) was used to optimise key parameters such as wall thickness and gate location, improving mould filling performance and reducing defects.

A CAD model of the housing was developed using Autodesk Fusion 360, and both injection moulding simulation and Finite Element Analysis (FEA) were conducted to validate performance. Simulation results demonstrated 100% fill confidence, low defect formation (minimal sink marks and controlled warpage), and efficient flow behaviour using a single central gate design. FEA confirmed that the selected material and geometry provide sufficient strength and deformation resistance under operational loads. Thermoplastic Polyurethane (TPU) was chosen as the optimal material due to its superior impact resistance and resilience, despite a higher cost compared to alternatives such as Polycarbonate (PC).

Cost analysis showed a low unit production cost and a break-even point of approximately 9,754 units, supporting injection moulding as a suitable high-volume manufacturing process. Sustainability considerations were incorporated through material selection and design efficiency, including the use of recyclable thermoplastics and reduced material waste via simplified mould design.
Overall, the report demonstrates that combining engineering design methodologies, simulation tools, and economic analysis enables the development of a robust, manufacturable, and commercially viable mobile phone housing that effectively balances performance, cost, and environmental impact.
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[bookmark: _Toc232403057]Introduction
This report focuses on the design, manufacture and optimisation of a mobile phone housing intended to be produced using injection moulding. The purpose of the report is to develop a product that satisfies customer requirements while also maintaining low costs and manufacturability. The main function of a mobile phone housing is to protect mobile phones from damage during everyday use. Design principles such as Design for Manufacture (DFM) and Design for Assembly (DFA) have been incorporated into the design to reduce manufacturing costs improve overall robustness to the manufacturing process. 

Quality Function Deployment (QFD) has been used to translate customer needs into measurable engineering specifications, allowing the most important design requirements to be identified and prioritised. A Failure Modes and Effects Analysis (FMEA) has been completed to assess potential product and process failures, such as warpage, snap-fit failure and ejection defects, and to propose actions to reduce risk. Design optimisation is supported through Design of Experiments (DOE), where variables such as wall thickness, gate location and number of gates are compared to improve mould filling and reduce defects.

In this report Autodesk Fusion 360 has been used to create a CAD model of the mobile phone housing, to complete validation and simulation of the injection moulding process. Fusion Plastics analysis is used to assess fill confidence, injection pressure, flow front temperature, weld lines, sink marks and warpage. Finite Element Analysis (FEA) has been conducted using Fusion 360 to evaluate the mechanical behaviour of the housing under operational loading conditions. Material selection has also been completed with the use of a material selection chart made using the Cambridge Engineering Selector (CES) database, to select a suitable material that supports DFM principles. Cost calculations of manufacturing, tooling and break-even analysis have been completed to determine whether injection moulding is economically suitable for the proposed product. 

Overall, this report demonstrates how structured design methods, simulation validation and cost evaluation can be combined to develop an injection moulded mobile phone housing that meets customer expectations while remaining manufacturable, reliable and commercially feasible.



[bookmark: _Toc232403058]Literature Review
[bookmark: _Toc232403059]Design Principles
Design for Manufacture (DFM) is the practice of designing products with manufacturing in mind (O’Driscoll, 2002). The main aims while Designing for Manufacture are:
· to minimise component and assembly cost
· to minimise development cycle
· to enable higher-quality products to be made (Pugh, 1991).
Design for manufacture is the basic principle of easing the manufacture of individual component parts of a product, often to referred to as “manufacturability” or “producibility” (Boothroyd, Dewhurst, Knight, 2002). Implementation of DFM improves product quality and lowers production costs, by improving design simplicity to achieve better manufacturability. Design for manufacture makes the entire production cycle much more streamlined.

A key element to DFM is Design for Assembly (DFA), which means the design of the product is for the ease of assembly (Boothroyd, Dewhurst, Knight, 2002). The general goal while Designing for Assembly is to reduce complexity and hence costs, however, savings in assembly costs must be balanced against the cost of “more complicated tooling and a more complicated moulding operation” (Malloy, 1994). To successfully DFA, factors such as part count, handling difficulty, fasteners (and so on…) are optimized to simplify a product’s structure, so that “it’s faster, cheaper and more reliable to assemble” (Boothroyd Dewhurst Inc., 2026).

[bookmark: _Toc232403060]Manufacturing Technique
Injection moulding is a high speed, automated process which is used to produce plastic parts with complex geometries (Malloy, 1994). Injection moulding is a suitable manufacturing technique for mobile phone housing as it:
· Can produce complex geometries
· Has high output volumes
· Has consistent quality output. 

Since the injection moulding process can produce products with complex geometries, it’s ideally suited for DFM (Malloy, 1994). This is because injection moulding is very cost efficient (after initial tooling costs) and produces quality products. 

[bookmark: _Toc232403061]Analysis tools
During this report several analysis tools have been utilized to allow integration of customer needs, risk analysis, optimization, simulation and validation into the product development process. The use of these analysis tools ensures that design choices are informed and validated by data.
[bookmark: _Toc232403062] Quality Function Deployment (QFD)
Quality Function Analysis (QFD), commonly termed House of Quality, is an analysis tool used to measure customer requirements, which are derived from conducting market research and competitor analysis (Pugh, 1991). QFD is used to identify and resolve issues involved in producing products, to more than satisfy customers (Tan, Xie & Goh, 2003). By successfully completing QFD it’s ensured that the design specification is suited to customers’ needs.
[bookmark: _Toc232403063]Failure Modes and Effects Analysis (FMEA)
A Failure Modes and Effects Analysis (FMEA) is a risk analysis used to identify and evaluate the potential failure of a product and its effects. FMEAs are a systematic step-by-step approach (ASQ, 2019) used to identify potential characteristics and confirm characteristics that need to be addressed by design changes or process changes (Ford Motor Company, 2004).  
[bookmark: _Toc232403064]Design of Experiments (DOE)
Design of Experiments (DOE) is the process of planning, conducting, analysing and interpreting controlled tests to evaluate the impact that input factors have on a desired output (Bower, 2019). DOE can identify important interactions that may be missed when experimenting with one factor at a time by allowing multiple input factors to be manipulated at the same time (Bower, 2019).
[bookmark: _Toc232403065]Finite Element Analysis (FEA)
Finite Element Analysis (FEA) is the process of validating the robustness of a component under operational conditions. Using computer aided analysis techniques, such as simulations, linear FEA techniques are used to solve for stresses and strains (Malloy, 1994). FEA provides early indication of problem areas, complimenting prototyping rather than replacing it (Malloy, 1994). 

[bookmark: _Toc232403066]Autodesk Fusion Simulation
Injection moulding simulation in Fusion helps flag moulding problems in designs before a mould is ever created (Raalte, 2021). Simulation in Fusion identifies and analyses moulding defects such as warpage, visual defects and fill percentages. 


[bookmark: _Toc232403067]Customer Requirements
A mobile phone housings primary purpose is to protect a mobile phone from damage, whether by absorbing impact forces or by reducing wear and tear such as scratches. However, customer needs have also evolved the industry standard for phone cases to serve several purposes other than just improved protection. Satisfying other customers’ needs such as aesthetics, improved ergonomics or other functionality improvements, while at low costs, incentivises new and returning customers. To achieve their purpose phone case designs must meet expected performance attributes, such as:
· High durability – Withstand repeated use, no unexpected or premature deformation, degradation etc.
· Impact resistant – Capable of absorbing and dissipating energy from impacts, such as drops.
· Lightweight – Add minimal weight, maintain comfort and usability.
· Aesthetic quality – Pleasing design with no visual defects.
· Fit precisely to the phone’s geometry – Design must be accurate to phone dimension, no warpage.


[bookmark: _Quality_Function_Deployment][bookmark: _Toc232403068]Quality Function Deployment
Quality Function Deployment (QFD) has been conducted on the mobile phone housing (Figure 1) to translate the needs of the customer into a measurable technical specification. Using QFD has allowed for customer needs to be systematically converted into design targets, therefore assuring design quality while the product is still in its design stage (Akao, 1990). QFD’s significance to product development cannot be understated, as it can be operated in situations where initially there is no product, and hence no ‘voice of the customer’ (Pugh, 1991), yet due to QFD foundations are set for further analysis to be conducted. 
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[bookmark: _Toc232403021]Figure 1 - Mobile Phone Housing QFD (Levi, 2026)
From the completed QFD in Figure 1 it has been recognised that to achieve customer demands a set list of engineering requirements must be met. The Weight/Importance observed at the bottom of the QFD measures a quantifiable significance to each of the engineering requirements, allowing for design focus to be prioritised appropriately. The QFD has successfully recognised the significance of material choice, as the performance of the material selected will influence whether many of the customer requirements can be met. To meet customer requirements the material chosen for the product must be durable, impact resistant, lightweight, enable a high-quality finish, recyclable and available at a low price. As the choice of material will also impact other engineering requirements such as strength, material density and resilience, its high weight is justified toward meeting the customers’ requirements.

Other engineering factors that will affect whether the customer needs have been met are strength, Snap fit geometry, surface finish and wall thickness. To achieve a product of high quality, good aesthetic and fit for purpose at low costs optimisation of the injection moulding process will be necessary. The QFD displays how minimising moulding defects will ensure customer needs are met, highlighting the requirement to develop a Failure Modes and Effects Analysis (FMEA) to analyse risks in the manufacturing process and propose mitigations. The target limits proposed by the QFD, such as optimising wall thickness to achieve a less the 25% rate of warpage in manufacturing, provides achievable outcomes that are expected to be met by conducting FMEA.

Competitive analysis has been conducted using the QFD to assess the expected performance of the proposed specification against the performance of an existing competitor to determine the potential position of the design against the market (Pugh, 1991). Using Mous, a market leading phone case brand that prioritises quality and performance (Mous, 2019) above low costs, enables comparison against the design specification to determine acceptable trade-offs.

[bookmark: _Toc232403069]Risk Analysis
Analysis through QFD assists the development of risk analysis by conducting FMEA to meet targets set by the design specifications. Implementing FMEA methodology during the design stage helps meet product specifications by allowing the most likely source of failures to be identified early on (6Sigma, 2021). FMEA indicates the priority of a failure which is likely to yield the most improvement in terms of severity, occurrence and detectability to assign a risk priority number, RPN (Pugh, 1991). 
[image: ][bookmark: _Toc232403039]Table 1 - Phone Case FMEA (Levi, 2026)
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FMEA can be applied to any level of the design (Pugh, 1991). The FMEA in Table 1 recognizes, evaluates and prioritizes potential failures and their effects. Actions to eliminate or reduce the chance of failure have been identified to be implemented further on in the Design & Development of the product. The use of the FMEA will improve the quality and reliability of the mobile phone housing by improving the robustness of the manufacturing process. Potential process functions and their failures have been identified, and by identifying these potential failure modes customer satisfaction can be ensured. Some optimisation and improvements identified in table 1 are uniform wall thickness, to optimise part cooling, and inclusion of draft angles, to improve part ejection. These recommended actions effectively lower the RPN of Potential Failure Modes. The following Potential Failure Modes will see the largest reduction in RPN by implementing actions from the FMEA:

· Warpage, RPN decrease from 320 > 20
· Part Ejection, RPN decrease from 224 > 36
· Snap-fit breakages, RPN decrease from 189 > 12.

By following the recommended actions proposed by FMEA the customer needs are much more likely to be met. For example, the QFD set a target of less than 25% of customer to notice surface defects. The FMEA identified that with current processes surface defects will be noticed by 75% of customers, with a severity rating of 4. By implementing the recommended actions, reducing thickness to the backside of features, the severity rating has dropped to 2, being noticed by less than 25% of customers. See in Section 5, Design & Development, the process to how the failure modes described in the FMEA table have been addressed. 

[bookmark: _Optimisation][bookmark: _Toc232403070]Optimisation
Design of Experiments (DOE) has been used to test and optimise critical design variables, such as material thickness and gate placement in moulds. Conducting DOE is a method for engineers to manipulate several input factors and measure their effect on a desired output (Bower, 2019). Analysing the response from changes made using DOE allows for a data driven approach towards making decisions. Experiments have been conducted during the design phase of the mobile phone housing by using simulations to measure outcomes from changing material thickness and gate locations. These have been recorded using DOE (Table 2).

[bookmark: _Toc232403040]Table 2 - Design of Experiments (Levi, 2026)
	Variable
	Experiment 1
	Experiment 2
	Experiment 3
	Experiment 4

	Material thickness
	0.1mm
	1mm
	1mm
	1mm

	Gate location
	Centre
	Bottom
	Centre
	Centre

	Number of gates
	2
	1
	2
	1



Material thickness at the top and bottom edges of the phone case (Figure 2) was varied analyse its effect on weight, defects and fill success rate. Conducting DOE through simulations found an increase in defects such as warpage and sink marks along with a lower fill percentage at , therefore material thickness was increased. The number of gates and their location was also assessed at  to ensure material flow was adequate, and to minimise defects such as weld lines. Assessment by DOE found that only one gate was necessary for injection moulding, adopting and adapting experiments from DOE into the design has improved the overall product, the results are of which are discussed further in Section 5.2, Mold design.
[image: ]
[bookmark: _Toc232403022]Figure 2 - 0.1mm Thickness & 1mm Thickness
 

[bookmark: _Design_&_Development][bookmark: _Toc232403071]Design & Development
The QFD completed in Section 4.1 has set design specification targets which are required to meet, to develop a design that’s quality aimed at satisfying the consumer (Aka, 1990). Autodesk Fusion has been utilized to create a dimensionally accurate CAD model of a mobile phone housing for an iPhone 17. The Cambridge Engineering Selector (CES) Database has been used to identify potential and choose materials to be used for the mobile phone housing. 
[bookmark: _Toc232403072]CAD Model
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[bookmark: _Toc232403023]Figure 3 - CAD Model of iPhone 17 Mobile phone housing (Levi, 2026)
While designing the CAD model (Figure 3) for the mobile phone housing, it was significant to accommodate requirements set by the design specifications, as well conforming with the recommendations set out in the FMEA (Table 1). Adopting and constructing a design around ‘Total Design’, the systematic activity necessary to encompass product, process and people (Pugh, 1991) enables a product to follow the ‘Design Core’ process (Pugh, 1991).
[image: Figure 4 from MODELLING ENGINEERING DESIGN PROCESSES WITH ROLE ACTIVITY  DIAGRAMS | Semantic Scholar]
[bookmark: _Toc232403024]Figure 4 - Design Core (Pugh, 1991)
The design core has been followed during the design process of the CAD model, as the elements of the specification were implemented into the design. The following features, which were highlighted in the design specification, are included into the design.
· Draft angles – Any flat edges (Button/speaker/charger holes) include draft angles at , to mitigate potential defects caused by part ejection.
· Material thickness – No sections with thickness > , to allow flexibility and reduce bulkiness, also to reduce appearance of sink marks.
· Smooth accurate geometry – Dimensions are accurate to fit iPhone 17. Edges on geometry of housing are filleted with radius of  up to , all maintain uniform wall thickness.
[image: ]
[bookmark: _Toc232403025]Figure 5 - Mobile phone housing CAD Drawing (Levi, 2026)
[bookmark: _Mold_design][bookmark: _Toc232403073]Mould design
Injection moulding is the process of injecting molten polymer into a mould cavity. The design of the mould plays a significant role in the quality of the final product, and there are many considerations to be made while designing a mould. Injection moulding is a four-step process, consisting of:
1. Mould Clamping – Mould is closed and clamped
2. Injection – Molten polymer is injected into cavity
3. Cooling – Polymer cools and solidifies
4. Mold Opening – Part is ejected.
During the stages of this process there are different variables which need to be optimised in order achieve acceptable product quality. Each stage of the injection moulding process and its variables have been analysed in the next sub section.
[bookmark: _Toc232403074]Sprue
The injection phase of the process is critical to part quality. There are several variables at this stage which can be optimised for quality, such as melt temperature, sprue taper and gate locations. The nozzle is where the injection system meets the mould’s sprue, driving molten polymer into the mould through the sprue. The radius of the nozzle must be smaller than the radius of the sprue, to ensure the injection of polymer into the mould is sealed and maintained at constant pressure. The injection system to a mould consists of three parts, a sprue, runner and gates. By using figures calculated by the injection moulding simulation completed in Fusion, the optimal sprue diameter has been calculated below:
[bookmark: _Toc232403043]Equation 1 - Total shot Volume equation
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[bookmark: _Toc232403026]Figure 6 - Sprue Diameter Chart (UWTSD, n.d)
Using the value for  at 0.21 seconds (Equation 1) on the chart above (Figure 6), the smaller diameter of the sprue is determined as . Using this calculation, the large diameter of the sprue can be calculated below:

[bookmark: _Toc232403044]Equation 2 - Large Sprue diameter equation





Therefore, the large diameter of the sprue is calculated to be  and the smaller diameter of the sprue as . This sprue taper of  will help minimise ejection defects and ensure a smooth flow of molten polymer from the nozzle into the mould.
[bookmark: _Toc232403075]Gate
The gate of an injection mould is the melts’ point of entry into the mould’s cavity (Malloy, 1994). By conducting a Design of Experiments (Section 4.3) the gate locations have been determined. Conducting DOE, it’s been evaluated that the optimal number of injection points is one, as one injection point greatly reduces the chance of weld lines and improves simplicity as there’s no longer a need to have a complicated runner incorporated into the moulds design. Gate location is significant as it can affect product quality in several ways, including: 
· Mould filling pattern
· Weld quality and locations
· Dimension tolerances
· Ability to control sink marks
· Warpage. (Malloy, 1994)
Two gate locations were experimented through simulation while conducting DOE. The use of DOE through simulation analysis allowed for the gate location to be optimised to maximise mould fill and minimise defects. Gate location affects the direction of flow of the melt inside the mould cavity (Wang, Sun, 2021), directly effecting positions and presence of weld lines. Simulation with the gate positioned at the bottom of the mould (Figure 7) found that weld lines formed toward the top of the mould and that areas at the top of the phone case was difficult to fill. Also, with the gate located at the bottom of the phone case any visual defects left by the gate would be more noticeable to the customer. 
[image: ]
[bookmark: _Toc232403027]Figure 7 - Bottom Gate Location (Levi, 2026)
Simulation results from placing the gate at the centre of the phone case (Figure 8) showed that the mould cavity is easier to fill, ensuring the product will form correctly. Filling from the centre allows for a more even flow of the molten polymer, reducing weld lines as temperature varies less. As the gate location is on the inside of the phone case, any marks left by the gate will be less noticeable to the customer, helping to meet targets set by the QFD. For these reasons the centre gate location is the preferable design choice.
[image: ]
[bookmark: _Toc232403028]Figure 8 - Centre Gate Location (Levi, 2026)
[bookmark: _Toc232403076]Ejection
The ejection system of a part is significant as it must allow for consistent damage free removal of the moulded part without impacting cycle time. Considerations to part ejection can be incorporated by designers to influence the ease of ejection and reduce ejection related tooling costs (Malloy, 1994). Considerations such as draft angles of  around edges such as the buttonholes have been added to the design to improve the ejection efficiency and minimise defects. This aligns with Malloy (1994) who states that designs should incorporate considerations such as including draft angles on edges, surface finishes, aesthetics, undercuts and parting line location. Other considerations to the ejection process have been made during the design process, as there’s no specified requirements for parting lines, and to keep complexity and costs low any surface finish or aesthetic defects are acceptable so long as less than 25% of customers would notice them. 
[bookmark: _Toc232403077]Material Selection
The Cambridge Engineering Selector (CES) database has been used to research and select a suitable polymer for the mobile phone housing to be manufactured from. The customer needs set clear requirements from material performance. These include the material being low density, strong and highly resilient. Other engineering requirements to consider for material selection are cost, sustainability and manufacturability. Using Granta to interrogate the CES database a chart comparing cost against young’s modulus was developed, populated only with polymers suitable for injection moulding. 
[image: ]
[bookmark: _Toc232403029]Figure 9 - Polymers Young's modulus VS Price Material Selection Chart (Ansys Granta, 2026)
This chart highlighted Polycarbonate (PC) and Thermoplastic Polyurethane (TPU) as suitable materials based on the two characteristics entered into Granta, a comparison table has been developed to further compare properties of each material to determine whether they’re suitable.

[bookmark: _Toc232403078]Performance, cost & Sustainability
[bookmark: _Toc232403041]Table 3 - Material Comparison Table (Ansys Granta, 2026)
	Property
	TPU
	PC

	Price (GBP/kg)
	4.28
	2.63

	Resilience ()
	22087
	752.76

	Density ()
	1.12
	1.19

	Young's Modulus (GPa)
	0.0197
	2.32

	Impact Strength ()

	590
	69.7

	Production Process CO2 (kg/kg)
	5.67
	4.94


*CES Database materials used are TPU (Ether, aromatic, Shore A85, flame retarded) & PC (high viscosity, moulding and extrusion).

The material properties observed in table 3 show that both materials are fit for purpose, however they outperform each other in different areas. PC is a stiffer, cheaper and more sustainable material where TPU is a more impact resistant, malleable and very resilient material. In this case TPU is the better performing material, best suiting the product specification. Both materials are acceptable for injection moulding and would have similar manufacturing costs, however PC is cheaper to purchase. TPU and PC both have very similar environmental indicators during production, as their CO2 equivalent during production are 5.67 kg/kg and 4.94 kg/kg respectively. 
[bookmark: _Toc232403079]Conclusion
TPU has been selected as the preferred material for this application. Although TPU is more expensive to procure and slightly less sustainable than PC, its outperformance in other aspects, specifically resilience and impact strength, are undeniably more tailored for this application. TPU will satisfy the performance needs of the costumer yet still provide a lower cost alternative product to market leading brands.


[bookmark: _Simulation_&_Validation][bookmark: _Toc232403080]Simulation & Validation
Simulation and validation have been completed for this product using Fusion to simulate polymer flow and to conduct FEA of the product under load operational conditions. 
[bookmark: _Toc232403081]Injection Moulding Simulation Results
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[bookmark: _Toc232403030]Figure 10 - Injection Moulding Fill Confidence
Simulation of injection moulding using Fusion showed that using the improves made from conducting DOE were successful, as the product has a 100% fill confidence and a fill time calculated at 0.21 seconds. Part design considerations such as the implementation of uniform wall thickness and the addition of ribbed edges aided the reduction of warpage and sink marks. Despite improvements, three sink marks as well as several weld lines were still present in the simulation, design changes such as reducing the thickness or radius of the backside of features could help remove these. These defects are almost dismissible, as the maximum sink mark depth is measure to 0.003mm. However, process improvements such as increased melt temperature, optimised cooling times and increased packing times should also be considered to ensure flow fronts fuse properly and that the part solidifies uniformly. Implementation of these process improvements would eliminate the opportunity for sink marks and weld lines to form and reduce warpage. 
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[bookmark: _Toc232403031]Figure 11 – Fusion Simulation Quality Prediction
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[bookmark: _Toc232403032]Figure 12 - Fusion Simulation Injection Pressure
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[bookmark: _Toc232403033]Figure 13 - Fusion Simulation Flow Front Temperature
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[bookmark: _Toc232403034]Figure 14 - Fusion Simulation Weld Lines
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[bookmark: _Toc232403035]Figure 15 - Fusion Simulation Sink Mark Depth Estimation
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[bookmark: _Toc232403036]Figure 16 - Fusion Simulation Warpage
[bookmark: _Toc232403082]Finite Element Analysis
FEA was conducted using Fusion simulation to analyse the performance of the mobile phone housing under operational conditions. To simulate operational conditions a moment load of 1N was applied to a corner of the mobile phone housing to simulate it being removed from a mobile phone. The result of the simulation showed that the mobile phone housing was above target to withstand the stress and deformed as expected with a displacement of 2mm. The design of the mobile phone housing along with the fantastic resilience and malleability of TPU ensures the product won’t fail under operational load. 

[image: ]
[bookmark: _Toc232403037]Figure 17 - Safety factor from Simulation
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[bookmark: _Toc232403038]Figure 18 - Displacement of Mobile Phone Housing
[bookmark: _Toc232403083]Dimensional Accuracy
A tolerance is the amount a measurement of a value can vary before beginning to cause problems. Accurate dimensions and tolerances are significant in the use of the mobile phone housing, as if dimensions are inaccurate or tolerances are too generous, the product will not fit properly to the mobile phone. Tolerances for the mobile phone housing can affect the performance of the snap fit features and reduce customer satisfaction from the product. Tolerances and dimensional accuracy are important to ensure the final product meets customer standards and performance expectations.

 

[bookmark: _Toc232403084]Cost Calculation Analysis
Cost analysis is the process of approximating the cost of a product based on factors such as material, labour, equipment and overheads (Lee, 2025). It’s important to provide realistic estimations of project costs and justify expensive expenditures such as tooling or machine costs. 
[bookmark: _Toc232403085]Material Cost
Material costs have been estimated by using data from CES for material price per Kilogram for TPU (£4.28/kg) and multiplying that value by the total weight of the mobile phone housing, calculated by Fusion as 17.878 grams, thus calculating an estimate for material cost per product.

[bookmark: _Toc232403045]Equation 3 - Material Cost Per Piece


[bookmark: _Manufacturing_Cost][bookmark: _Toc232403086]Manufacturing Cost
Excel has been used (see table 4) with the equations below to calculate several manufacturing costs, such as machine time, tooling and equipment costs and labour expenses. Values for machine and tooling costs are typical industry prices for production of this scale. Estimate Values of £100,000 and £25,000 have been used for the injection moulding machine and mould cost respectively, with an expected lifespan of 10 years for the injection moulding machine.

Labour rates have been calculated using UK real living wage of £13.45 per hour. A processing time per piece has been calculated from Fusion’s simulation of injection moulding fill time of 2.36 seconds, and a handling time for part ejection has been estimated of an average of 7 seconds per part. 

Batch quantity has been estimated as 7500 pieces per batch and set up time has been estimated as 30 minutes per batch, to allow time for insertion of the mould and cleaning of the injection moulding machine. 
[bookmark: _Toc232403042]Table 4 - Calculated Manufacturing Costs
	Cost Rate of Equipment (£/Minute)
	Cycle Time (Minutes)
	Batch Time (Minutes)
	Production Time Per Piece (Minutes)
	Production Rate (Pieces/hour)
	Cycle Rate (Cycle/hour)
	Labour Rate (£/Minute)
	Cell Operating Rate (£/Minute)
	Tooling cost (£/Piece)
	Cost per Piece (£/Piece)

	                                                 0.07 
	0.156
	1200
	0.16
	375
	384.62
	                           0.29 
	                                         0.36 
	                        0.05 
	                               0.18 




[bookmark: _Toc232054881][bookmark: _Toc232403046]Equation 4 - Cost rate of equipment
[image: ]

[bookmark: _Toc232054882][bookmark: _Toc232403047]Equation 5 - Cycle time per component
[image: ]

[bookmark: _Toc232054883][bookmark: _Toc232403048]Equation 6 - Time to complete each batch
[image: ]
[bookmark: _Toc232054884][bookmark: _Toc232403049]Equation 7 - Average time to complete each component
[image: ]
[bookmark: _Toc232054885][bookmark: _Toc232403050]Equation 8 - Average production rate per hour
[image: ]
[bookmark: _Toc232054886][bookmark: _Toc232403051]Equation 9 - Average cycle rate per hour
[image: ]
[bookmark: _Toc232054887][bookmark: _Toc232403052]Equation 10 - Labour rate per minute
[image: ]
[bookmark: _Toc232054888][bookmark: _Toc232403053]Equation 11 - Cell operating rate
[image: ]
[bookmark: _Toc232054889][bookmark: _Toc232403054]Equation 12 - Tooling cost per part
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[bookmark: _Toc232054890][bookmark: _Toc232403055]Equation 13 - Cost per component
[image: ]

[bookmark: _Toc232403087]Break-Even Analysis
A break-even point has been calculated by using the manufacturing costs estimated in Section 7.2. An average sell price for mid-range quality mobile phone housings has been researched, and therefore a competitive price of £13 per unit has been used to calculate breakeven. Fixed costs have been calculated by adding the equipment and tooling prices.
[bookmark: _Toc232403056]Equation 14 - Breakeven Analysis
[image: ]




This figure for break-even point justifies the high-volume manufacturing process of injection moulding and proves why injection moulding is a suitable process for this application. Other manufacturing methods such as 3D printing may have much lower equipment and tooling costs, but slower production times and higher cost per unit associated with additive manufacturing will take longer to break even.




[bookmark: _Toc232403088]Sustainability Considerations
Material selection plays a significant role in the sustainability of the mobile phone housing. 90% of recycling costs and revenues are determined during the design stage, and recycling is considered a key characteristic of modern product design (Wu, Gao & Li, 2025). Selection of materials and manufacturing processes are now not only engineered satisfy DFM needs but also to minimise the environmental impact of a product too. Most injection moulded materials can be recycled, TPU is a thermoplastic which can be recycled at end of life by melted cleaned plastic flakes back into useable material (Jerry, 2025). Choices in design which have reduced energy consumption are the single, centre gate design. This design choice not only reduces scrap waste that would be generated by a complex runner network, but also improves fill efficiency, reducing machine workload and hence energy demand. 



[bookmark: _Toc232403089]Discussion & Recommendations
[bookmark: _Toc232403090]Comparison of Simulation & Validation Results with Customer Requirements
The results obtained from simulation and validation demonstrate that the final design largely meets the customer requirements identified through the QFD. The primary functional requirements are satisfied through the selection of TPU, as its characteristics of high resilience and impact strength are well suited for this use case. From a manufacturing perspective, the injection moulding simulation showed:
· 100% fill confidence
· Uniform flow behaviour with a central gate
· Minimal defects (sink marks ~0.003 mm)

These results align closely with QFD targets such as:
· Low visible defects (<25% customer detection)
· Accurate geometry and fit
· High aesthetic quality
Despite this some weld lines and slight warpage is still present, although within specification. The design could also face potential variability in real production such as material inconsistencies and imperfections, which cannot be simulated.

[bookmark: _Toc232403091]Design Trade-offs
Choosing TPU over PC was a trade-off for performance over low costs. An ideal solution for the mobile phone housing would be a combination of a TPU case with PC backing plate, to replace some material with the cheaper PC reducing cost per unit.
[bookmark: _Toc232403092]Future work
As discussed in Section 9.2, a design incorporating a two-piece phone case with lower material cost could be an improvement for the future. Another improvement which could be made is a more in-depth simulation to the operational conditions of the phone housing, by simulating impact resistances of the product. Although real world testing would still be necessary, simulation of early designs can reduce expensive costs of prototyping. 

[bookmark: _Toc232403093] Conclusion
This report has demonstrated the successful design, optimisation and validation of an injection moulded mobile phone housing that satisfies key performance, manufacturability and sustainability requirements. Through the application of structured engineering methodologies, including QFD, FMEA, DOE, simulation and cost analysis, a robust and genuinely manufacturable product has been developed. 

From a performance perspective, the design effectively meets customer requirements identified in the QFD. The selection of TPU as the primary material ensures high impact resistance, durability and resilience, which are critical for protecting the device during everyday use. Finite Element Analysis (FEA) confirmed that the housing can withstand expected operational loads without failure, while maintaining acceptable deformation levels. Additionally, dimensional accuracy and incorporation of design features such as uniform wall thickness, fillets and draft angles ensure an accurate fit and satisfactory aesthetic quality.

In terms of manufacturability, the design strongly aligns with Design for Manufacture (DFM) principles. The injection moulding process was optimised through DOE and simulation, leading to key improvements such as a single, centrally located gate, appropriate sprue design and efficient ejection features. Simulation results demonstrated 100% fill confidence, low defect formation and a short cycle time, confirming that the product can be manufactured consistently and at high quality. The simplified mould design reduces tooling complexity and supports efficient production with minimal process variability.

Material and process considerations have been made to reduced environmental impact. The use of a recyclable thermoplastic (TPU) enables end-of-life material recovery, while the optimised mould design, particularly the elimination of complex runner systems, reduces material waste and energy consumption. This ensures that environmental performance is integrated alongside functional and economic requirements within the design process.

The cost and production analysis further highlights the suitability of the design for high-volume manufacturing. With a low cost per unit and a calculated break-even point of approximately 9,754 units, the design demonstrates strong economic feasibility. Injection moulding is therefore validated as an effective manufacturing method, offering high production rates, consistent quality and scalability compared to alternative methods such as additive manufacturing.

Overall, the design achieves a well-balanced integration of performance, manufacturability and sustainability, with clearly justified trade-offs, such as prioritising TPU for superior protection despite higher material cost. The resulting product is suitable for high-volume manufacturing, where its optimised tooling, short cycle times and low unit cost enable efficient production while maintaining quality standards. This demonstrates the significant positive impact of combining engineering analysis, simulation and design optimisation in delivering a commercially competitive and technically robust product.
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