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1. [bookmark: _Toc232277607]Introduction 

1.1 [bookmark: _Toc232277608]Purpose of the Report

The Goal of this report is to develop and assess a mobile phone case along with the injection mould needed to produce it in high volumes. The design is intended to satisfy key industry expectations such as ease of manufacturing, cost effectiveness, durability and environmental considerations. Throughout the project, principles of Design for Manufacture (DFM) and Design for Assembly (DFA) are applied to improve both the product and the efficiency of its production process. 

1.2 [bookmark: _Toc232277609]Problem Definition 

As global demand for smartphones continues to grow, manufacturers need production methods which are both efficient and scalable to deliver high quality components at low costs. The mobile phone Case is a key part of the device, serving both protective and aesthetic functions. It must be lightweight, durable and easy to apply to your smartphone. Achieving this requires careful attention to detail during the design stage, particularly when it comes to material selection, preventing defects such as warping, cracks or trapped air, and overall providing production efficiency. 
The project centres on designing a polymer based mobile phone case that is optimised for injection moulding, this will be developed to promote smooth material flow, minimise defects and shorten the manufacturing cycle. 

1.3 [bookmark: _Toc232277610] Scope of Study 

The scope of this report covers the creation of a 3D CAD model of the mobile phone case as well as the injection mould procedure, this will be developed using either SolidWorks or a similar CAD package. All designs choices will be guided by DFM or DFA principles to ensure the product is straightforward to manufacture and assemble.
Analytical tools such as Quality Function Deployment (QFD) and Failure Mode and Effects Analysis (FMEA) will be used to convert customer needs into engineering specifications and to identify potential risks early in the design process. Simulation software such as SolidWorks plastics and Finite Element Analysis (FEA) will support the assessment of material flow, cooling performance and structural behaviours. 

[bookmark: _Toc232277611]2.Literature Review

[bookmark: _Toc232277612]2.1 Design for Manufacture (DFM) 
Design for Manufacture (DFM) is a structured methodology aimed at optimising product design to make manufacturing processes simpler, more efficient and more cost-effective. According to Boothroyd, Dewhurst and Knight (2011), applying DFM principles in the early stages of product development can significantly reduce manufacturing cost and improve production efficiency. In the context of injection-moulded products, DFM plays a crucial role in ensuring that parts can be produced consistently at high volumes with minimal defects. One of the most fundamental DFM guidelines for injection moulding is maintaining uniform wall thickness. Rosato and Rosato (2012) state that consistent wall thickness promotes uniform cooling and reduces the likelihood of defects such as sink marks, warpage and residual stresses. Uneven thickness leads to differential cooling rates, which can cause internal stresses, warping, sink marks and dimensional instability. By keeping walls as consistent as possible, designers ensure predictable material flow and more uniform solidification, thereby improving part quality and reducing scrap rates. 
Another key DFM principle involves incorporating draft angles, typically between 1 and 3 degrees typically this means the draft ensures that the part can be smoothly ejected from the mould without excessive force, reducing wear on both the mould surfaces and the ejector system. Without adequate draft parts can become stuck in the moulds resulting in scratches, deformation or cycle time delays, each of which has its direct cost implications. 
Designers are encouraged to also avoid sharp internal corners, which act as a stress concentrators and can impede the polymer flow. Instead, fillets are used to promote smoother flow paths and reduce the likelihood of defects. When additional strength is needed, ribs are preferred over extra wall thickness because they provide reinforcement while minimising material usage and cooling time. This supports both cost efficiency and environmental consideration by reducing polymer consumption.
Integrating DFM early in the design stage helps prevent costly redesigns, tooling adjustments and production inefficiencies. For high-volume products such as mobile phone cases, applying DFM from the outset is essential for achieving repeatability, low cycle times and long-term manufacturing reliability.

[bookmark: _Toc232277613]2.2 Design for Assembly
Design for Assembly (DFA) focuses on simplifying and streamlining the assembly process to reduce labour time, cost, and the number of components required. Boothroyd, Dewhurst and Knight (2011) argue that reducing part count is one of the most effective ways to improving assembly efficiency and product reliability. In industries where the assembly speed is critical, such as smartphone productions, DFA principles are particularly valuable. A central aspect of DFA is reducing the part count, as every additional component increases handling time and, inventory costs and the likelihood of assemble errors. 
For Mobile Phone cases, DFA often favours snap-fit joint over conventional fasteners like screws or adhesives because they reduce assembly time and eliminate the need for additional hardware (Pahl G, 2013). Snap-fits eliminate the need for extra components, enabling faster assembly without specialised tools. Their elasticity allows repeated engagement and disengagement, which is useful if need to remove for any reason. 
Another DFA strategy I the inclusion of self-locating features, which naturally guides components into the correct position during assembly. These features help minimise alignment errors and reduce assembly time, which is particularly important for automated assembly lines where precision and repeatability are required. 
Simplifying component interactions, such as ensuring symmetrical parts, minimising insertion forces and designing for one way assembly further contributes to production efficiency. When DFA is applied alongside DFM, the overall system benefits from reduced production time, fewer assembly issues and enhanced product reliability. In high volume environments like smartphone manufacturing, where millions of units are produced annually, even small reductions in assembly time translates into substantial cost savings. 
[bookmark: _Toc232277614]2.3 Injection Moulding Process

Injection moulding is one of the most widely adopted methods for manufacturing polymer components due to its ability to produce highly detailed, complex shapes with excellent repeatability. Groover (2020) identifies injection moulding as the preferred manufacturing process for high-volume plastic products because of its accuracy, consistency and low unit cost. The process begins by heating polymer pellets until they melt and become viscous. This molten material is then injected at high pressure into a precisely machined mould cavity. Once inside the mould, the material cools and solidifies before being injected.
A typical injection mould is divided into two halves, the core and the cavity. Their relative shapes determine the external and internal geometry of the final part. To facilitate material flow, the mould includes channels such as Sprues, Runners and Gates which guide the molten polymer into the part geometry. The design of these channels is critical, improper sizing or placement can cause defects such as weld lines or incomplete filling.
Temperature control is another crucial element of the mould design. Incorporated cooling channels help maintain stable temperatures throughout the mould, allowing the polymer to cool at a consistent rate. Since cooling often accounts for more than half of the total cycle time, Optimising cooling efficiency directly affects production speed and cost.
Despite its advantages, injection moulding is susceptible to defects. Warpage occurs when different areas of a moulded component cools at different rates, resulting in residual stresses and dimensional distortion. According to Osswald and Turng (2019), maintaining consistent wall thickness and adequate cooling channel design is essential for reducing this defect. While air traps form when pockets get sealed inside the moulded part. Sink marks appear in thicker sections where the material shrinks as it cools. Many of these issues can be mitigated by proper gate placement, ensuring adequate venting, maintaining uniform wall thickness and optimising injection pressure and temperature settings. 
Given the precision required for the mobile phone case, this must meet strict aesthetic, dimensional and mechanical standards. Injection moulding remains the preferred manufacturing process for delivering high-quality plastic components in large quantities. 


[bookmark: _Toc232277615]2.4 Engineering Analysis Tools

Several analytical tools are used to support the design, validation and optimisation of injection-moulded components. Quality Function Deployment (QFD) is often applied at the early stages of product development to connect customer’s expectations with engineering requirements. By systematically analysing user needs and mapping them to technical specifications, QFD ensures that design decisions align with the functional demands of the end product. 
Failure Mode and Effects Analysis (FMEA) is another critical tool for identifying potential issues before they occur, FMEA evaluates each component and process step for possible failure modes, teams can determine their severity, likelihood and detectability. This structured assessment allows designers to prioritise improvements and implement preventive measures during the design phase, reducing risks later on in the manufacturing stages. 
Design of Experiments (DOE) provides a controlled approach to understanding how different variables influence performance outcomes. In injection moulding, DOE might be used to analyse the effects of wall thickness, gate position, cooling rate or material choice on part quality. By systematically adjusting these variables engineers can identify optimal design and processing parameters. 
Simulation tools also play a central role, SolidWorks Plastics for example models polymer flow behaviour, predicting potential issues such as weld lines, filling imbalances or cooling inconsistencies. This allows designers to adjust mould geometry before manufacturing expensive tooling. Similarly, Finite Element Analysis (FEA) assesses the structural performance of the mobile phone case, enabling engineers to test how it responds to bending, impact or compression loads without needing physical prototypes.
Together, these engineering tools help create a systematic, data driven design process that enhances product reliability, reduces development time and ensure the final component meets both performance and manufacturability requirements.  


3. [bookmark: _Toc232277616]Define Customer Requirements

3.1 [bookmark: _Toc232277617] Performance Attributes 

The design of the mobile phone case must satisfy a range of functional, aesthetic and manufacturing requirements to meet both customer’s expectations and industrial production constraints.

To begin with, the case mobile phone case needs to be lightweight to make the phone comfortable to use and easy to carry. This usually means using low-density materials and a thin-walled designs. At the same time, the case must be durable enough to handle everyday use, including accidental drops and minor impacts without cracking or losing its shape.

Accurate dimensions are also essential. The mobile phone case must be able to fit the around the phone snuggly while still allowing for easy installation and removal. Cut outs for buttons, ports, speakers and the camera must be precisely positioned so the case does not restrict functionality. In addition, surface finish and overall appearance are also important as phone cases are often chosen for their visual style as much as for protection. 

From a manufacturing perspective, the design should be suitable for high-volume processes such as injection moulding. This includes maintaining consistent wall thickness, minimising material waste and reducing the risk of defects like warping or sink marks. Features such as flexible clips or interference fits can be used to hold the case in place without requiring additional components, supporting both ease of use and efficient production. 
[bookmark: _Toc232277618]3.2 Quality Function Deployment (QFD)
A Quality Function Deployment (QFD) analysis was carried out to translate customer requirements into engineering specifications for the mobile phone outer case. Juran and De Feo (2017) describe QFD as a structured approach for converting customer expectations into measurable technical requirements, allowing designers to prioritise the features that provide the greatest value to the end user. The QFD was used to identify the design characteristics that would have the greatest impact on customer satisfaction while ensuring the component remained suitable for high-volume injection moulding manufacture.

[image: ]
[bookmark: _Toc231895834]Figure 1- QFD Analysis

The Analysis identified durability, lightweight construction and precise fit as the most important customer requirements. Durability was given a high priority because mobile phone cases are regularly dropped by the customer and also subject to impacts and general wear during everyday use. Lightweight construction was also considered important, as modern consumers expect devices that are easy to carry without compromising strength or reliability. Precise fit was also highlighted as a key requirement because the phone case must fit snuggly around the mobile phone, but still allowing access to buttons, charging ports, speakers and camera.
The QFD results showed that low manufacturing cost, dimensional tolerance and material selection were the most significant technical requirements. Low manufacturing cost was strongly linked to customer expectations for an affordable product while maintaining acceptable levels of quality and durability. This requirement influenced design decisions aimed at reducing material consumption and improving manufacturing efficiency. 
Dimensional tolerance was also identified as a critical engineering requirement because accurate dimensions are essential for achieving a secure fit around the phone. Excessive dimensional variation could result in a loose-fitting case or difficulties during installation or removal. To minimise these risks, the design incorporates uniform wall thickness and appropriate draft angles to reduce shrinkage and warpage during the injection moulding process. 
Material selection was also recognised as a key design consideration due to its influence on impact resistance, flexibility, weight and manufacturing costs. The selected material must provide sufficient protection during accidental drops while remaining lightweight and suitable for high-volume injection moulding. Material choice also affects the surface finish quality, durability and sustainability, making it important factor in meeting both customer and manufacturing requirements. 
The QFD analysis helped identify the engineering characteristics that are most important for meeting customer expectations, The findings were used to guide design process and establish priorities for subsequent FMEA, Material selection and simulation activities.
[bookmark: _Toc232277619]3.3 FMEA Analysis 

[image: ]
[bookmark: _Toc231895835]Figure 2- FMEA Analysis


A Failure Modes and Effects Analysis (FMEA) was conducted to identify potential design manufacturing failures associated with the production of the protective mobile phone case. Stamatis (2019) states the FMEA is an effective risk assessment tool for identifying potential failures before production begins, allowing preventative actions to be implemented during the design stage. The analysis considered both injection moulding defects and functional issues that could affect product performance during use. Each failure mode was assessed using Severity (S), Occurrence (O) and Detection (D) ratings, with the Risk Priority Number (RPN) calculated as a product of these Values. 
The results indicated that the warpage posed the highest-risk failure mode with an RPN of 160, this failure could significantly affect the fit of the case and reduce customer satisfaction.  Once the recommended actions were taken the RPN reduced significantly. Consequently, maintaining uniform wall thickness and optimising the cooling system were identified as key design properties. Loose fit due to dimensional inaccuracies was also identified as significant risk, highlighting the importance of dimensional control and appropriate material selection. 
The FMEA findings were used to guide design improvements and process optimisation. Recommended actions include improving mould cooling performance, maintaining tight dimensional tolerances and selecting a material with suitable impact resistance. Implementing these measures will reduce manufacturing defects, improve product quality and increase the reliability of the final design.


4. [bookmark: _Toc232277620]Design and Development 

[bookmark: _Toc232277621]4.1 3D CAD Model Development
The mobile phone case was designed using Autodesk Fusion to meet the customer requirements identified during the QFD analysis. The main focus was on making the case durable, lightweight and able to fit the phone accurately. At the same time the design also took manufacturing efficiency into account.
The initial CAD model was based on the dimensions of a standard iPhone to ensure a good fit. Openings were added for the charging port, camera, speakers and buttons on the side of the mobile phone, this meant the phone could be used normally while the phone was in the case. The design went through several iterations, with each version improving usability and making it easy to manufacture. 
A Uniform wall thickness was maintained the design to help with consistent material flow and cooling during injection moulding. This will help with the reduction of common defects such as sink marks, warping and uneven shrinkage (Kalpakjian & Schmid, 2014). Rounded corners and fillets were included wherever possible to reduce stress concentrations and improve durability, while also supporting smoother material flow (Groover, 2020)
Several design models were created before reaching the final model. Each version aimed to improve accuracy, strength and manufacturability. The final CAD model was then used for the next stages of the project, including the material selection and simulation. Different stages of the design process and the final modes are shown in Figures 3 to 6 below.   
[image: ]
[bookmark: _Toc231895836]Figure 3- Build 1 of phone Case
[image: ]
[bookmark: _Toc231895837]Figure 4- Build 2 of phone case

[image: ]
[bookmark: _Toc231895838]Figure 5-Build 3 of phone case.

[image: ]
[bookmark: _Toc231895839]Figure 6- Completed design of phone case.
[bookmark: _Toc232277622]4.2 Design for Manufacture (DFM)  
Design for Manufacture principles were applied throughout the development of the protective mobile phone case to ensure that the component could be manufactured efficiently using injection moulding. The design was developed with the aim of reducing manufacturing defects, improving production efficiency and minimising overall production costs.
One of the primary DFM considerations was keeping a consistent uniform wall thickness throughout the component. Consistent wall thickness promotes even cooling of the molten polymer and reduces the likelihood of defects such as warpage, sink marks and uneven shrinkage. This was particularly important for the phone case, as dimensional accuracy is required to achieve a secure fit around the device.
Rounded corners and fillets were used in the design, even though a mould design wasn’t required in this assignment it was still considered, as this would help with the material flow within the mould cavity and reduce stress concentrations. These features help the chosen polymer to flow more smoothly during injection, reducing the risk of incomplete filling while also improving the durability of the finished component.
Draft angles were also included on the vertical surfaces of the design to assist with part ejection after moulding. This reduces the force required to remove the component from the mould and minimises the risk of damage during production. The use of draft angles also contributes to longer mould life and improved manufacturing efficiency.
The geometry of the phone case was kept as simple as possible while still providing the required functionality. Openings for the camera, charging port, speakers and control buttons were incorporated directly into the design, eliminating the need for secondary machining and improves consistency between parts.
By applying DFM principles throughout the design process, the phone case was optimised for high-volume injection moulding while maintaining the required levels of durability, dimensional accuracy and product quality.


[bookmark: _Toc232277623]4.3 Design for Assembly (DFA)
Although the mobile phone case is manufactured as a single component, Design for Assembly principles were still considered during the development of the design. The main objective was to ensure that the case could be fitted to and removed from the phone easily while maintaining a secure and reliable fit during everyday use.
One of the key design considerations was keeping the overall design as simple as possible. The case was developed as a single-piece component, eliminating the need for additional parts, fasteners or adhesives. This reduces manufacturing complexity and ensures that no assembly operations are required after the moulding process has been completed.
The dimensions of the case were carefully designed to provide a close fit around the mobile phone without making installation difficult for the user. Particular attention was given to the corners and side walls of the case, as these areas play an important role in holding the device securely in position. At the same time, enough flexibility was maintained to allow the case to be removed without causing damage to either the case or the phone.
Cut-outs for the charging port, speakers, camera and side buttons were incorporated into the design to ensure that all features of the phone remain accessible when the case is fitted. These features were positioned using the dimensions of the phone to minimise interference with normal operation.
Overall, the application of DFA principles helped create a product that is simple to use, easy to manufacture and capable of providing a secure fit around the device. The use of a single-piece design also supports high-volume production by eliminating additional assembly stages and reducing manufacturing costs.
[bookmark: _Toc232277624]4.4 Material Selection.
Selecting an appropriate material was an important stage in the development of the mobile phone case, as the material directly influences the performance, durability and manufacturing cost of the final product. The material selection process was carried out using Granta EduPack, with the aim of identifying a material capable of meeting the customer requirements established during the QFD analysis. The key requirements included durability, lightweight construction, precise fit and low manufacturing cost.
Three materials were considered during the selection process: Thermoplastic Polyurethane (TPU), Thermoplastic Copolyester (TPC) and Silicone Rubber. These materials were selected because they are commonly used in protective consumer products and all offer a combination of flexibility, impact resistance and suitability for injection moulding. All three materials were capable of meeting the initial design requirements for durability, lightweight construction and user comfort, making them suitable for further comparison.
[image: ]
[bookmark: _Toc231895840]Figure 7- Granta material selection.
The results obtained from Granta EduPack showed that each material possessed different advantages. Silicone Rubber exhibited the highest elongation values, indicating excellent flexibility and allowing the material to stretch significantly without failure. This property can be beneficial when fitting or removing a phone case. However, silicone also demonstrated the highest material cost, ranging from approximately £14.40–£16.50 per kilogram, making it significantly more expensive than the alternative materials considered.
TPC provided a relatively low density, making it slightly lighter than TPU. The material also offered acceptable mechanical properties and good suitability for injection moulding. However, its tensile strength and fatigue strength were lower than those achieved by TPU, while its material cost remained higher. Although TPC remained a viable option, it did not provide the same balance of performance and cost effectiveness required for the project.
TPU demonstrated the strongest overall combination of mechanical performance and economic viability. The material exhibited tensile strength values between 38 and 49.4 MPa, considerably higher than both silicone and TPC. TPU also achieved superior fatigue strength and fracture toughness, indicating a greater ability to withstand repeated loading and long-term use without failure. These properties are particularly important for a protective phone case, which is expected to experience frequent handling, installation and removal throughout its service life.
The impact resistance of TPU was found to be comparable to both silicone and TPC, indicating that all three materials are capable of absorbing energy during accidental drops. However, TPU provided this level of protection while maintaining a lower material cost and improved mechanical performance. In addition, TPU offers sufficient flexibility to allow easy installation of the case while maintaining the rigidity required to achieve a secure fit around the phone.
Based on the Granta EduPack analysis, TPU was selected as the most suitable material for the final design. Although silicone offered greater flexibility and TPC provided a slight weight advantage, TPU delivered the best overall balance of durability, impact resistance, manufacturability and cost effectiveness. The material therefore satisfies both the customer requirements identified through the QFD analysis and the manufacturing requirements associated with high-volume injection moulding production.
[bookmark: _Toc232277625]4.5 Material Property Comparison
Following the material screening process, the shortlisted materials were compared using property data obtained from Granta EduPack. The comparison focused on the key criteria identified during the QFD analysis, including durability, lightweight construction, precise fit and manufacturing cost. Mechanical, physical and economic properties were assessed to determine the suitability of each material for use in the mobile phone case. 
[image: ]
[bookmark: _Toc231895841]Figure 8- Cost comparison
Figure 7 compares the material cost of TPU, TPC and Silicone Rubber. Material cost is an important consideration when designing products for high-volume manufacture, as it has a direct impact on overall production costs. The results show that TPU is the lowest-cost material, followed by TPC, while Silicone Rubber is significantly more expensive.
Although all three materials satisfied the basic functional requirements of the phone case, the higher cost of silicone would increase manufacturing expenses without providing a significant improvement in performance. TPC offered a reasonable balance between cost and performance; however, TPU provided the most cost-effective solution.
As low manufacturing cost was identified as one of the key technical requirements during the QFD analysis, the lower cost of TPU was an important factor in the material selection process. The combination of competitive pricing and strong mechanical performance makes TPU a suitable material for large-scale production of the protective mobile phone case.





[bookmark: _Toc231895842]Figure 9- TPU Physical & Mechanical Properties.
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[bookmark: _Toc231895843]Figure 10- Silicone Physical & Mechanical Properties.
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[bookmark: _Toc231895844]Figure 11- TPC Physical & Mechanical Properties.
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The physical and mechanical properties of TPU, TPC and Silicone Rubber were compared to determine their suitability for use in the protective mobile phone case. The comparison focused on properties that directly influence product performance, including density, tensile strength, elongation, impact resistance, fatigue strength and hardness. These properties were selected because they affect the durability, flexibility, weight and overall protective capability of the final product. The results of the comparison are summarised in Figure 12.
	Property
	TPU
	SILICONE
	TPC

	Cost (£/kg)
	3.58-3.73
	5.62-6.92
	14.40-16.50

	Density (kg/m³)
	1180-1210
	1140-1180
	1120-1230

	Tensile Strength (MPa)
	38-49.4
	17.5-22.7
	8-10.5

	Elongation (%)
	502-653
	226-324
	600-800

	Impact Strength (kJ/m²)
	590-600
	590-600
	590-600

	Fatigue Strength (MPa)
	15.2-19.8
	6.99-9.06
	3.2-4.2

	Shore A Hardness
	78-92
	84.90
	30-75


[bookmark: _Toc231895845]Figure 12- Comparison Table
Figure 12 shows the key material properties considered during the selection process. The results show that each material offered different advantages. Silicone Rubber demonstrated the highest flexibility, while TPC provided a slight weight advantage due to its lower density. However, TPU achieved the highest tensile strength and fatigue strength while also having the lowest material cost.
All three materials showed similar impact resistance, meaning they are capable of providing protection against accidental drops. However, TPU offered the best overall balance of strength, durability, flexibility and cost. Based on these results, TPU was selected as the most suitable material for the final design as it best satisfied the customer and manufacturing requirements identified earlier in the project.


[bookmark: _Toc232277626]5 Simulation & Validation 
[bookmark: _Toc232277627]5.1 Fill Analysis
A fill analysis was conducted using SolidWorks Plastics to assess the flow behavior of TPU during the injection moulding process. Figures 13–15 show the progression of material flow through the phone case geometry.
The results indicate that the TPU fills the cavity smoothly from the gate location at the top of the component, with the material flowing evenly towards the opposite end of the case. The simulation predicted a maximum fill time of approximately 0.32 seconds, demonstrating that the component can be filled efficiently without any areas of incomplete filling.
The uniform flow pattern suggests that the design is suitable for injection moulding and that the DFM principles applied during development, including consistent wall thickness and rounded corners, have helped promote effective material flow. Overall, the simulation confirms that the phone case can be manufactured successfully using TPU with a low risk of filling defects.
[image: ]
[bookmark: _Toc231895846]Figure 13- Initial Fill Pattern (0.04s)
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[bookmark: _Toc231895847]Figure 14- Intermediate Fill Pattern (0.20s)
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[bookmark: _Toc231895848]Figure 15- Final Fill Pattern (0.32s)

[bookmark: _Toc232277628]5.2 Simulation Validation
A simulation was run using Autodesk Fusion to assess the manufacturability of the final design. The fill confidence results shown in Figure 16 indicated that the component was easy to fill, achieving a confidence level of 100%, which confirms that the selected gate location and geometry are suitable for injection moulding.
The visual defect analysis presented in Figure 17 identified a small number of sink marks and weld lines, mainly around openings and geometric features where material flow paths meet. However, the predicted sink mark depth was minimal and is unlikely to affect the functionality of the component.
The warpage analysis shown in Figure 18 predicted a maximum deflection of 1.661 mm, slightly above the specified tolerance of 1.393 mm. The greatest deformation occurred near the lower edge of the phone case. Although some warpage was identified, the overall results indicate that the design remains suitable for manufacture and could be further improved through optimisation of processing conditions or minor design modifications.
Overall, the simulation results confirmed that the phone case can be successfully manufactured using TPU while maintaining acceptable quality and performance.
[image: ]
[bookmark: _Toc231895849]Figure 16- Fill Confidence Analysis
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[bookmark: _Toc231895850]Figure 17- Visual Defects showing predicted Sink Marks and Weld Lines
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[bookmark: _Toc231895851]Figure 18- Warpage Analysis showing predicted Component Deflection.


[bookmark: _Toc232277629]6 Cost Calculation Analysis
A cost analysis was carried out to evaluate the feasibility of manufacturing the mobile phone case using injection moulding. The analysis considered material, labour, equipment and tooling costs. The assumptions used throughout are produced in Figure 19 below. 
	Parameter
	Symbol
	Value 

	Cost per Unit
	£
	£0.13

	Component Mass
	
	0.036kg

	TPU Cost
	£
	£3.58/kg

	Set up Time 
	
	30 mins

	Processing Time 
	
	0.32sec

	Handling Time
	
	5sec

	Tool Handling Time
	
	2sec

	Labour Rate
	
	£13.26/hr

	Labour Overhead
	
	30%

	Machine Cost 
	
	£50,000

	Machine life 
	
	10 years 

	Tool Life 
	
	100,000 Parts 

	Operating Hours 
	
	2000 hr/year

	Equipment Overhead
	
	20%

	Tool Cost 
	
	£5000

	Production Quantity 
	
	10,000


[bookmark: _Toc231895852]Figure 19-Cost analysis assumptions


[bookmark: _Toc232277630]6.1 Material Cost
A cost analysis is carried out to work out the costability of manufacturing the mobile phone case using TPU. The final CAD model in Fusion 360 indicated a component mass of approximately 36 g. Using the TPU material cost obtained from Granta EduPack (£3.58–£3.73/kg), the material cost per component was calculated as:
Material Cost = Component Mass × Material Cost per kg
Material Cost = 0.036 × £3.58 = £0.129
Material Cost = 0.036 × £3.73 = £0.134
Therefore, the estimated material cost of the phone case is approximately £0.13 per unit.
[bookmark: _Toc232277631]6.2 Time Analysis
A time analysis was conducted to determine the cycle time and production rate of the injection moulding process. These values were subsequently used in the manufacturing cost calculations.
[bookmark: _Toc232277632]Cycle time of the Unit operation
The cycle time is calculated to determine the time required to manufacture a single mobile phone case. This includes the processing time, handling time and tool handling time associated with each production cycle.

Convert Fill Times from seconds to minutes. 

0.0053min

min

min


min




[bookmark: _Toc232277633]Total time to complete batch 
The total batch production time is calculated to estimate the overall time required to manufacture the selected production quantity. This includes both machine setup time and component production time.

x 0.122)
min
=20.8 hours

[bookmark: _Toc232277634]Production time per piece
The average production time per component was determined by dividing the total batch production time by the batch quantity. 

/

min/part

[bookmark: _Toc232277635]Average hourly production rate 
The production rate is calculated to determine the number of components that can be manufactured per hour. 


= 480 pieces per hour



[bookmark: _Toc232277636]Hourly cycle rate in sequential batch production 
The cycle rate represents the maximum number of production cycles that can be completed per hour based on the calculated cycle time.


=491.8 cycles per hour
[bookmark: _Toc232277637]6.3 Cost Analysis

[bookmark: _Toc232277638]Tooling Costs
Tooling cost is distributed across the expected life of the mould to determine the tooling cost contribution per component. Although tooling represents a significant initial investment, its impact on unit cost decreases as production volume increases.


= 0.05

[bookmark: _Toc232277639]Labor cost rate
The labour cost rate is calculated using the operator wage and labour overhead costs. This provides the effective labour cost associated with operating the manufacturing process.

x 
  x 





[bookmark: _Toc232277640]Equipment Cost Rate 
The equipment cost rate is determined by distributing the machine purchase cost across its expected service life and annual operating hours. Equipment overheads were also included to account for maintenance and operational expenses.

x 
x10x2000) x 1.2


[bookmark: _Toc232277641]Operating cost rate 
The operating cost rate represents the combined labour and equipment costs associated with running the manufacturing process.





[bookmark: _Toc232277642]Cost per piece
The total manufacturing cost per component is calculated by combining the material cost, operating cost and tooling cost. This provides an estimate of the overall production cost of a single mobile phone case.


x0.125) +0.05


[bookmark: _Toc232277643]Break-even Point Analysis 
A break-even analysis was performed to determine the number of mobile phone cases that must be sold before the initial manufacturing costs are recovered and profit is achieved.
A selling price of £9.99 was assumed based on the typical retail price of commercially available TPU mobile phone cases.

9.99



The break-even analysis indicated that approximately 512 mobile phone cases must be sold before the initial tooling investment is recovered. This relatively low break-even quantity is a result of the low manufacturing cost per component and the assumed selling price of £9.99. Production volumes exceeding 512 units would generate profit, demonstrating that injection moulding is an economically viable manufacturing process for the large-scale production of the mobile phone case.


[bookmark: _Toc232277644]7 Sustainability Considerations
Sustainability was considered throughout the design process to minimise environmental impact while maintaining product performance. TPU was selected as the final material due to its combination of durability, flexibility and recyclability. Unlike many thermoset polymers, TPU can be reprocessed and recycled, reducing the amount of material sent to landfill at the end of the product's life.
The use of injection moulding also supports sustainable manufacturing due to its high material efficiency and suitability for large-scale production. Any excess material generated from runners or sprues can potentially be recycled and reintroduced into the manufacturing process, helping to reduce waste.
The final design was developed with a lightweight structure and optimised wall thicknesses, reducing overall material consumption while maintaining adequate strength and durability. By extending the service life of the phone case through improved impact resistance, the frequency of replacement can also be reduced, further lowering the environmental impact of the product.
Overall, the combination of TPU and injection moulding provides a practical and cost-effective solution that supports both manufacturing efficiency and sustainability objectives.


[bookmark: _Toc232277645]8 Discussion & Recommendations
The aim of this project was to design a protective mobile phone case that could be manufactured efficiently using injection moulding while meeting customer requirements. The QFD analysis identified durability, lightweight construction and a precise fit as the most important requirements, and these factors influenced the design decisions made throughout the project.
The use of DFM and DFA principles helped simplify the design and improve manufacturability. Features such as consistent wall thicknesses and smooth transitions were incorporated to reduce the likelihood of manufacturing defects and improve production efficiency. The FMEA analysis also helped identify potential issues early in the design process, allowing suitable design changes to be made before manufacture.
The material selection process showed that TPU was the most suitable material when compared with TPC and Silicone Rubber. Although each material offered certain advantages, TPU provided the best balance of strength, flexibility and cost. This made it well suited to a protective phone case that is expected to withstand regular handling and accidental drops.
The simulation results were generally positive, with the fill analysis showing that the component could be moulded successfully. Some warpage was predicted; however, the overall results suggest that the design is suitable for production. Future improvements could include further optimisation of the gate location and wall thickness to minimise deformation and improve dimensional accuracy.
Overall, the final design met the main customer requirements and demonstrated that TPU and injection moulding are suitable choices for the manufacture of a protective mobile phone case.


[bookmark: _Toc232277646]9 Conclusion 
This project focused on the design and development of a protective mobile phone case suitable for high-volume injection moulding manufacture. The design process began by identifying the key customer requirements, with durability, lightweight construction and a precise fit being the most important factors.
QFD and FMEA were used to support the design process and ensure that customer requirements and potential risks were considered from an early stage. DFM and DFA principles were then applied to improve manufacturability and reduce unnecessary complexity within the design.
A material selection study was carried out using Granta EduPack to compare TPU, TPC and Silicone Rubber. Based on the results, TPU was selected as it offered the best combination of strength, flexibility and cost. Autodesk Fusion simulations showed that the phone case could be filled successfully during the injection moulding process, with a high fill confidence and only minor manufacturing defects predicted.
Overall, the final design meets the main customer requirements and is suitable for large-scale manufacture. The combination of TPU and injection moulding provides a practical and cost-effective solution, while the use of engineering design tools helped ensure that the final product was both functional and manufacturable.
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Designation @

TRU (Ester, aromatic, Shore ABS/D35), Thermoplastic Polyurethane Elastomer (Polyester, Aromatic)

Tradenames @
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Included in Materials Data for Simulation 0] v
Materials Data for Simulation name 0] Rubber, TPU (Ester, aromatic, Shore A85/D35)

Composition overview
Compositional summary @

(NH-R-NH-CO-O-R"-0-CO)n where R is from an aromatic diisocyanate, usually MDI or TDI (hard segment), and R'is from a
short or long chain polyester diol (soft segment)

Material family ® Elastomer (thermoplastic, TPE)

Base material ® TPU (Thermoplastic polyurethane elastomer)
Polymer code ® TPU

Composition detail (polymers and natural materials)

Polymer ® 100 %
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Polymers: plastics, elastomers > Elastomers > Thermoset elastomers (rubber) > ' SL VMO, PUMO, FVMO (Silicone elastomen) >

formation

silicone, phenyktype (PVMQ, heat cured,€10-30% fumed silica), Pheny silicone elastomer / Phenyl vinyl methyl slicone
(PVMQ/ Si), heat cured

Tradenames @

Baysilone; Elastosi-R; GE LIM; Rhodorsil HCR; Shincor; Shincor LIM; Silastic; Tufel

Typical uses @

Medical applications, sealing applications for aircraft, smart watches, fitness trackers, VR headsets, gaming consoles,
electric toothbrushes, electric scooters, robotics, electric cars, hybrid cars

Composition overview
Compositional summary @

Polymer of dimethyl silicone, formula {OSI(CH3)2}-, with some methyl groups substituted by phenyl groups, formula
{OSICH3CEHS)- and some by vinyl groups as cure sites (crosslinking sites), formula {OSICH3CH=CH2)-. Typically
compounded with 10-30% fumed silica (SI02) with 100-325 m2/g surface area. Contains organic peroxide or platinum
(addition) heat cure system for LIM (liquid injection molding) or HTV (high temperature vulcanization).

Material family ® Elastomer (thermoset, rubber)
Base material ® SI-PVMQ (Silicone rubber, phenyl vinyl methyl type)
% filler (by weight) ® 10 - 30 %
Filler/reinforcement 0] Mineral

Filler/reinforcement form 0] Particulate

Polymer code ® SI-PVMQ-MD20

Composition detail (polymers and natural materials)

Polymer ® 70 - % %
Silica (fumed) @ 10 - 30 %
Price

Price ® *144 - 165 GBP/kg.

Price per unit volume ® *162e4 - 2024  GBP/MA3
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TPC (Shore D40)

Datasheet view: | All auributes

General information
Designation @

TRC (Shore D40), Thermoplastic Elastomer, Ether-Ester

Tradenames @

Arnitel; Bexloy; Delon; Dioshy; Eastar; Eastman; Eastman Cadence; Eastman Embrace; Eastman Provista; Eastman Tritan;
Ecdel; Elitel; Heraflex; Hytrel; Kebaflex; Keyflex: Kopel; Longlite; Neostar; Pelprene; Pibiflex; RTP; Riteflex; Shinite;
Sipolprene; Skypel; Topester; Triel

Typical uses @
v boot, key pad, head phone, seal for perfume bottle, tubing, hose jackets, wire and cable jackets, film shesting, gears
and sprockets, belting, fuel tanks.

Included in Materials Data for Simulation 0] v
Materials Data for Simulation name 0] Rubber, TPC (Shore D40)

Composition overview
Compositional summary @

Block copolymer of a polyester (semi-crystalline hard phase - usually PBT, polybutylene terephthalate) and polyether
(amorphous soft phase).

Material family ® Elastomer (thermoplastic, TPE)
Base material ® TPC (Thermoplastic copolyester-ether elastomer)
Polymer code ® TPC

Composition detail (polymers and natural materials)

Polymer ® 100 %

Price

Price ® *s62 - 692 GBP/kg.
Price per unit volume ® *6433 - 81683  GBP/MA3

Physical properties
Density. ® 104e3 - 1.18e3 kg/mA3,
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