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[bookmark: _Toc232171694]Abstract
This report details the design, development, and evaluation of an injection-moulded polycarbonate phone case intended to provide effective protection for a mobile device while maintaining manufacturability, cost efficiency, and sustainability. Design for Manufacture (DFM) and Design for Assembly (DFA) principles were applied throughout the project to optimise product performance and support large-scale production. Customer requirements were identified and translated into engineering characteristics using Quality Function Deployment (QFD), highlighting structural reinforcement, material selection, and wall thickness as the most important design factors.
A Failure Mode and Effects Analysis (FMEA) was conducted to identify potential product failures and prioritise design improvements. In addition, a Design of Experiments (DOE) framework was developed to assess the effects of material type, wall thickness, and internal ribbing on impact protection and manufacturability. Polycarbonate was selected as the preferred material due to its high strength, stiffness, scratch resistance, and suitability for injection moulding.
Finite Element Analysis (FEA) and injection moulding simulations were performed using Fusion 360 to evaluate structural performance and manufacturing feasibility. Results indicated a minimum safety factor of 5.084 and identified potential manufacturing defects including weld lines, sink marks, and warpage. Cost analysis estimated a production cost of £0.38 per unit. Overall, the proposed design meets the key functional, manufacturing, and sustainability requirements and is suitable for mass production.


Table of Contents
Abstract	- 2 -
Figures List:	- 5 -
Tables List:	- 6 -
1	Introduction	- 7 -
2	Literature Review	- 8 -
2.1	Design Principles	- 8 -
2.1.1	Design for Manufacture (DFM)	- 8 -
2.1.2	Design for Assembly (DFA)	- 10 -
2.2	Injection Moulding	- 12 -
2.2.1	Injection Moulding Machine	- 12 -
2.2.2	Injection Moulding Process	- 13 -
2.2.3	Common Defects	- 14 -
2.3	Analysis Tools	- 14 -
2.3.1	Quality Function Deployment (QFD)	- 14 -
2.3.2	Failure Mode and Effects Analysis (FMEA)	- 15 -
2.3.3	Design of Experiments (DOE)	- 15 -
2.3.4	Finite Element Analysis	- 16 -
2.3.5	Cost Analysis	- 17 -
3	Customer Requirements	- 18 -
3.1	Key Performance Requirements	- 18 -
3.1.1	Functional Requirements	- 18 -
3.1.2	Design Requirements	- 18 -
3.1.3	Manufacturing Requirements	- 18 -
3.1.4	Sustainability Requirements	- 18 -
3.2	QFD	- 19 -
3.2.1	Key Insights	- 21 -
3.3	FMEA	- 22 -
3.4	Objectives	- 23 -
3.4.1	Experimental Factors and Levels	- 23 -
3.4.2	Measurements	- 23 -
3.4.3	Testing Method	- 23 -
3.4.4	Expected Outcomes	- 23 -
4	Material Selection	- 24 -
4.1	Material Group Comparisons	- 24 -
4.2	Possible Materials	- 27 -
4.2.1	4.2.1 TPU	- 27 -
4.2.2	Polycarbonate (PC) + 20% Fibre	- 27 -
4.2.3	Silicone	- 28 -
4.2.4	Material Choice	- 28 -
5	Design and Development	- 29 -
6	Simulation and Validation	- 31 -
6.1	Injection Moulding Simulation	- 31 -
6.2	FEA Analysis	- 33 -
7	Cost Calculation and Analysis	- 34 -
7.1	Production Cycle Time Analysis	- 34 -
7.2	Cost Models	- 35 -
7.3	Break Even Analysis	- 37 -
8	Sustainability considerations	- 38 -
9	Discussion and Recommendations	- 38 -
9.1	Design	- 38 -
9.2	Manufacturing	- 39 -
10	Conclusion	- 40 -
11	Reference list	- 41 -
12	Appendix	- 43 -









[bookmark: _Toc232171695]Figures List:
Figure 1 Injection Moulding Machine 
Figure 2 Material Group Comparisons – Yield Strength – Density 
Figure 3 Material Group Comparisons – Hardness-Density 
Figure 4 Material Group Comparisons – Elongation-Density
Figure 5 Material Group Comparisons – Yield Strength-Price
Figure 6 Material Group Comparisons – Hardness-Price
Figure 7 Material Group Comparisons – Elongation-Price 
Figure 8 TPU Details and Material Properties 
Figure 9 PC +20% Fibre Details and Material Properties
Figure 10 Silicone Details and Material Properties 
Figure 11 3D Model of Phone Case 
Figure 12 Technical Drawing Phone case 
Figure 13 Injection Moulding Simulation Setup
Figure 14 Injection Moulding Simulation Results – Fill
Figure 15 Injection Moulding Simulation Results – Surface Defects 
Figure 16 Injection Moulding Simulation Results – Warpage 
Figure 17 Phone Case Safety Factor 
Figure 18 Phone Case Displacement 
Figure 19 Injection Moulding Simulation Recommendations 



[bookmark: _Toc232171696]Tables List: 
Table 1 QFD – Customer Requirements 
Table 2 QFD – Engineering Characteristics
Table 3 Relationship Matrix 
Table 4 Importance Weight Calculation 
Table 5 Rood Matrix 
Table 6 FMEA Phone Case 
Table 7 Experimental Factors 
Table 8 Actual Cycle Time 
Table 9 Cycle Time of Unit Operation 
Table 10 Total Time to complete Batch 
Table 11 Average Production Time per piece 
Table 12 Tooling Cost 
Table 13 Equipment Cost Rate 
Table 14 Cost Per Piece





[bookmark: _Toc232171697]Introduction
In the modern manufacturing industry, companies must look to continuously improve production efficiency, product quality, sustainability and cost-effectiveness to be competitive within the industry and meet the increasing consumer brands. Advanced manufacturing technologies and effective product and tooling design play a crucial role in achieving these goals. Manufactures are increasingly applying Design for Manufacture (DFM) and Design for Assembly (DFA) principles to aid production, reduce waste and enhance a products overall performance. 
This report will focus on the design and optimisation of the mould utilised for the manufacture of mobile phone case. The mobile phone case is a lightweight polymer case that allows for full function of a mobile phone and prevent damage to said phone, they require precise and efficient manufacturing. Due to the high production volume and precision required, injection moulding has been identified as the suitable manufacturing process for the phone case. 
The aim of the project is to design an efficient mould design that supports the manufacturing of the mobile phone case, while still meeting key industrial requirements such as manufacturability, sustainability and cost efficiency. The design will consider crucial factors including material selection, mould configuration, cooling system, part ejection, mould filling and product stress analysis. DFM and DFA principles and methods will be applied to simplify manufacturing operation and improve product reliability. 
By integrating modern manufacturing principles and practical design, this report will demonstrate how optimised tooling can contribute to production performance and sustainability. To support the design and evaluation process, methods including QFD, FMEA, and relevant analysis will be applied using the CAD Designs and simulation software. 
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[bookmark: _Toc232171700]Design for Manufacture (DFM)
Design for Manufacture or DFM is a design ideology that focuses on producing better designs at lower costs through optimisation of material selection and manufacturing processes. If DFM is applied correctly the product should be easy to manufacture and production time should take less than originally thought. (Sild, 2021)
DFM aids in analysing different aspect of the design and manufacturing processes to bring changes that are beneficial to the designer, manufacturer and customer. DFM is focused on 5 principles, that the designer must focus on when creating a product. By optimising each of these principles ensures a better product. The DFM principles are (Sild, 2021)
· Manufacturing Process
· Product Design
· Material Selection
· Service Environment
· Testing. 
The right manufacturing process is crucial to the success of a product. An engineer and designer must assess factors including cost, material and volume of the product along with the surface finish, design tolerances and post-processing requirements of the design to ensure selection of the most appropriate manufacturing process. It’s vital to ensure that the appropriate manufacturing process is selected as early as possible into the design process because these influences the other four principles. When faced with multiple choices DFM principles can be used to select the optimum manufacturing process. (Sild, 2021)
Product design is one of the most significant factors due to the implications it has on the viability of the project. Efficient designs bring down costs and lead times; this can be design factors such as uniform wall thickness and use of radii in the design which can make the injection moulding process easier to carry out for the manufacturer. (Sild, 2021)
Product material has a huge effect on the final product and how it is manufactured and how it performs for the customer. The engineer must select the raw material based on the expectations of the product. Aspects like strength, hardness, ductility, thermal/electrical conductivity and machinability should be considered by the engineer during the material selection process. In addition to these aspects, engineers should consider material grade and form as this can impact final costs. (Sild, 2021)
It is vital that engineers and designers consider and evaluate the service environment of the product. DFM pushes for the engineer to aim for product quality that is in line with the normal working conditions of the product (the environment that it is to be used in), they should consider environmental factors like rain, wind and moisture during DFM process. (Sild, 2021)
Throughout the DFM process, it is crucial that engineers are consistently testing to ensure that the product is compliant with relevant standards to prevent any issues at later stages of the design process. It benefits no one if a product that is cheap to manufacture if the product cannot pass the relevant certifications as it will prevent the product from ever reaching the market. (Sild, 2021)
Some benefits of DFM are. (Sild, 2021)
· Cost Reduction
· Lower time to market
· Improved product quality 
· Smoother manufacturing processes
· More efficient product development process 
· Easier to scale up production.
 


[bookmark: _Toc232171701]Design for Assembly (DFA)
Design for assembly (DFA) is an approach to product design that focuses on the simplification of the assembly process. DFA aims to reduce manufacturing costs and improve product quality by minimizing the number of parts and optimising the assembly process, this allows for enhanced production efficiency. DFA is an important design principle in products that are made up of multiple parts as the approach can reduce costs and increase time to market similar to DFM. (Higgins, 2026)
DFA focuses on 7 principles (Higgins, 2026)
· Minimise Number of Parts 
· Reducing the number of parts that make up a product will simplify the assembly process, fewer components equal fewer steps for assembly which will reduce the chance of error during manufacturing. Minimising the number of parts will reduce production costs due to less material and labour is required. 
· Optimise Assembly Process
· Designing with optimised assembly in mind is crucial for assembly efficiency. Creating an assembly process that is logical and straightforward and reduces the chance of error in the assembly process. Optimising assembly you accelerate the overall production cycle and lower labour costs. 
· Consider Modular Design 
· Modular designs, meaning designs composed of independent and interchangeable parts, allows for easier assembly and disassembly. Modular designs offer flexibility and adaptability in the manufacturing process because components can be produced separately and combined in various configurations. 
· Built in Fasteners
· By incorporating fasteners into component designs can streamline the assembly process, as it reduces the number of components like screws and parts. This principle is an extension of the first and shares similar benefits. 
· Symmetrical Design
· Symmetrical designs are a key strategy for simplifying the assembly process. Symmetrical parts are easier to assemble which reduces the chance of error and reduces the manufacturing time of a product.
· Use of Standardized Parts
· Using standardized parts in your design reduces costs and simplifies the supply chain. Use of parts that are widely available and conform to established standards streamlines procurement and reduces lead times. The principle also eliminates the need for specialized tooling which results in a more predictable and cost-effective production. 
· Reasonable tolerances 
· Appropriate tolerances in part design aids in preventing assembly issues whilst improving product quality and reliability. Tight tolerances increase costs and difficulty of the assembly process, Loose tolerances can compromise the fit of the parts and will have a negative effect on the performance. 
Key benefits of DFA include (Higgins, 2026)
· Reduced Costs 
· Reduced assembly time and costs 
· Enhance product quality 
· Easier maintenance and repairs 
· Streamlined supply chain management 
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Injection Moulding is a plastic manufacturing process, where molten material, most commonly a polymer, is injected into a mould under high pressure. The material then takes the shape of the mould; the process can make small products such as the phone case up to automotive body parts. (Henry, 2025) 

[bookmark: _Toc232171703]Injection Moulding Machine 
[image: injection molding diagram]The injection moulding process derives from the metal die casting process, however due to the high viscosity of the melted polymer the process is carried out under high pressure when the material is injected into the mould cavity. An injection moulding machine can be divided into 3 units, the clamping unit, injection unit and drive unit. (Thorat, 2018) Figure 1 Injection Moulding Machine (Thorat, 2018)

The clamping unit holds the mould tooling together into one place, made up of the fixed and moving mould plates, tie bars and mechanism for opening, closing and clamping the two plates together. The mould plates are typically made of metal to withstand the high temperatures and pressure; mould plates can have multiple moulds to boost production numbers. The clamping unit will also feature cooling channels to ensure even cooling of the plastic to prevent various defects associated with injection moulding. The injection unit is responsible for melting and injection of the polymer into the mould. This will include the heaters, nonreturn valve and nozzle. The Reciprocating screw is what drives the molten polymer down the barrel through the nozzle, which has a decreased diameter compared to the rest of the barrel allowing for the increased pressure for proper injection of the polymer. (Thorat, 2018)
[bookmark: _Toc232171704]Injection Moulding Process 
The injection moulding process follows the below four steps (Barker, 2026)
1. Clamping and Preparation 

Before any material is touched, the two halves of the mould must be closed and locked together. The clamping unit will push the moving plated forward applying sufficient force to withstand the immense pressures from the injection, inadequate force will allow for the moulds to separate due to this pressure allowing for flash. Mould preparation ensures that both quality and safety critical components such as cooling channels, ejection pins and safety controls are operating correctly to prevent defects and hazardous events. 

2. Injection
The chosen material is fed into the injection moulding machine through the material hopper, this material is then moved down the barrel by the screw, as the material moves down the barrel it is melted by the heating collars. Once melted the plastic flows through the nozzle into the mould cavity at a high pressure filling the mould cavity. 
3. Cooling and Solidification 
When the mould cavity is filled, the cooling channels within the mould plates extract heat and allow for the solidify. Typically, water or oil moves through the channels at a controlled rate, allowing for even cooling of the material. A controlled cooling rate prevents defects such as warping and shrinkage. 
4. Ejection 
Once cooled, the mould opens, and ejector pins push the final product out of the cavity. The ejection mechanism must overcome any adhesion between the plastic and mould surface whilst not causing deformation and defects to the part. 
The typical injection mould cycle time is 15-60 seconds, however initial mould set up time can take up to 2-8 hours (Tang, 2026) Factors such as injection and holding times, heating times, cooling times and clamping times all influence the cycle time of the process. By optimising mould design, cooling, heating and injection systems can reduce the total cycle time. 
[bookmark: _Toc232171705]Common Defects 
There are many common defects that can be present on plastic parts due to the injection moulding process such as, (Stevens and Aksin, 2025)
· Flash, this is caused by the seepage of plastic into gaps between the two mould plates. Often occurs when there is excessive injection pressure or inadequate mould clamping. To prevent flash, ensuring that injection pressure and clamping force don’t exceed the mould tolerances. 
· Voids, often caused by trapped air within the mould due to poor venting or uneven cooling of the material due to inconsistent wall thickness. To prevent voids from forming in the finished part, ensuring a consistent wall thickness and using adequate venting can help. 
· Warping, visible bending, twisting or bowing of the part, caused by uneven cooling which result in internal stresses that distort the shape of the final part. Ensuring even wall thickness and sufficient cooling channels help prevent warping as it allows for even cooling of the material within the mould. 
· Sink Marks, small depressions on the surface of the part typically occurring in thicker areas of the part. Sink marks occur due to uneven cooling as outer parts cool and solidify faster than the interior parts which shrink and pulls the outer parts inwards. Minimising wall thickness in the thicker areas promote even cooling and ensuring adequate time for cooling can prevent sink marks. 
· Weld Lines, caused by two melt front meeting but not completely bonding, leaving visible seams and or structural weakness. Simplifying the geometry and reducing obstructions in the mould design can prevent weld lines in the final part. Placing the gating system in direct flow allows for convergence to occur away from any high stress zones.
[bookmark: _Toc232171706]Analysis Tools 
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A Quality Function Deployment is a proactive and focused approach which considers the Voice of the Customer and carries out responses to customer requirements during the design process. One of the key components of QFD is the House of Quality matrix which aids in translating customer requirements into specific goals. QFD is seen as proactive quality integration, as it pulls customer satisfaction into view during the design process, and allows for collaboration between engineering, production and quality teams to align on the customer requirements. (Guevara, 2026)
QFD allows for the organisation to gain a better understanding of the customer, utilize customer feedback for continuous improvement, establish better structure of requirements and having a more efficient way of allocating resources. (Guevara, 2026)
[bookmark: _Toc232171708]Failure Mode and Effects Analysis (FMEA)
Failure Mode and Effects Analysis (FMEA) is a failure mitigation framework that identifies possible failure modes in designs, manufacturing processes, services or product and suggests ways of reducing the failure and or effect. FMEA analyses the causes of failures and defines the likelihood and severity if the failure mode was to occur. Because the system focuses on the failure modes with the highest potential risk, designers and engineers can reduce the impact of the failure modes. (Belcic and Smalley, 2026)
FMEA uses risk analysis to score possible failure modes using three metrics, Severity, Occurrence and Detectability of the failure mode. From these metrics a risk priority number (RPN) can be calculated. (Belcic and Smalley, 2026)
RPN = severity x occurrence x detectability
Which will allow for the engineers and designers to determine which possible failure modes should be prioritized for corrective actions. (Belcic and Smalley, 2026)
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Design of Experiments is a statistical method used in planning and conducting experiments, where controls and manipulate factors to observe the effects of an outcome. Analysing the results of the experiments allows for the engineer identify the optimal conditions for performance, minimize potential defects and improve the quality. DoE is often utilised to optimise manufacturing processes and improve quality. (Jordan, 2025)
Key Benefits of DoE are (Jordan, 2025)
· Efficiency in Experimentation, allowing engineers to test multiple factors and the outcomes at the same time 
· Improved Accuracy, DoE minimises errors and improves the accuracy of the results
· Cost Reduction, the method reduces waist by avoiding unnecessary trials and eliminate inefficiencies 
· Allows you to identify interactions between factors that may not be obvious allowing for you to improve overall performance 
· Continuous Improvement, insights from the DoE process can aid in refining and optimising different operations over time. 
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Finite Element Analysis (FEA) is a numerical technique that can be used for simulating and studying the structural design of designs and products. The technique when partnered with experimental results helps designers improve the mechanical properties and strength of a product (Fadiji et al., 2018)
FEA can be carried out on CAD Software like Fusion 360.  An engineer will create a detailed 3D model of the product or design and will import the design into the simulation tab will the engineer will be able to carry out multiple simulations with multiple different scenarios to gain a proper understanding of how the current design will behave in real world applications and what improvements can be made to optimise performance. 
Key benefits of FEA are (Al-Mukhtar, 2025)
· Design Iteration Efficiency, FEA allows for an engineer to test various design variations without the physical prototypes which speeds up the design process
· Cost Effectiveness, simulating the performance of a products reduces costs as design flaws are found earlier in the design process reducing the need for rework 
· Improved Product Performance, FEA allows engineers ensure the design meets the performance criteria through various tests under real world conditions
· Enhanced Safety, FEA allows engineers to simulate extreme condition, allowing them to identify potential weaknesses. 
Types of FEA are (Al-Mukhtar, 2025)
· Structural Analysis, evaluates stress, strain and deformation of a structure under load 
· Thermal Analysis, simulated temperature fluctuations and the effects that has on the design 
· Vibration Analysis, determines natural frequency of a design and how external vibrations would affect the design 
· Fluid Dynamics Analysis, simulates how gases or liquids interact with the design 
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Cost Analysis is the process of analysing the total cost of a product. Cost analysis is used by organisations to compare the total cost of a product with potential revenue. By carrying out analysing cost organisations can optimise cost effectiveness of the product. Prior to carrying out cost analysis organisations must gather the cost data and determine the total cost of the product (Vance, 2025)
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[bookmark: _Toc232171713]Key Performance Requirements 
[bookmark: _Toc232171714]Functional Requirements
Impact Protection: The phone case shall provide adequate protection against accidental drops from heights between 1.2 m and 1.5 m onto hard surfaces, preventing damage to the device.
Fit and Retention: The design shall incorporate a secure interference fit to ensure the device remains firmly positioned within the case during normal use.
Accessibility: The case shall allow unrestricted access to all ports, buttons, cameras, and other device controls without requiring removal of the case.
Thermal Performance: The design shall facilitate effective heat dissipation to prevent excessive temperature build-up during device operation.
Assembly and Disassembly: The case shall enable tool-free installation and removal, providing ease of use while maintaining secure retention.
[bookmark: _Toc232171715]Design Requirements
Stress Distribution: The geometry of the case shall promote even stress distribution under loading conditions to minimise the risk of localised stress concentrations and material failure.
[bookmark: _Toc232171716]Manufacturing Requirements
Injection Moulding Compatibility: The design shall be suitable for large-scale manufacture using injection moulding processes.
The design should minimise the likelihood of common moulding defects, including warping, shrinkage, sink marks, and surface imperfections.
[bookmark: _Toc232171717]Sustainability Requirements
Material Selection: The case shall be manufactured from recyclable thermoplastic materials, such as Thermoplastic Polyurethane (TPU) or Polycarbonate (PC), to reduce environmental impact.
Material Efficiency: The design shall minimise material consumption while maintaining the required mechanical strength, durability, and protective performance.
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Customer Requirements 
Table 1 QFD - Customer Requirements
	No.
	Customer Requirement
	Importance (1–5)

	CR.1
	High impact protection
	5

	CR.2
	Scratch resistance
	4

	CR.3
	Slim and lightweight design
	4

	CR.4
	Good grip (non-slip)
	3

	CR.5
	Aesthetic appearance
	3

	CR.6
	Precise fit & access
	5

	CR.7
	Wireless charging compatibility
	4

	CR.8 
	Durability over time
	5


Engineering Characteristics 
Table 2 QFD - Engineering Characteristics
	No.
	Engineering Characteristic

	EC.1
	Material thickness (mm)

	EC.2
	PC material grade (impact strength)

	EC.3
	Surface finish/coating

	EC.4
	Coefficient of friction

	EC.5
	Manufacturing tolerance (mm)

	EC.6
	Weight (grams)

	EC.7
	Thermal conductivity

	EC.8
	Structural design (ribbing/reinforcement)



Relationship Matrix 
Key
	Strong
	9

	Moderate 
	3

	Weak
	1



Table 3 Relationship Matrix
	
	Engineering Requirements 

	Customer Requirements 
	EC.1
	EC.2
	EC.3
	EC.4
	EC.5
	EC.6
	EC.7
	EC.8 

	CR.1
	9
	9
	1
	1
	1
	1
	1
	9

	CR.2
	1
	3
	9
	1
	1
	1
	1
	1

	CR.3
	9
	3
	1
	1
	1
	9
	1
	3

	CR.4
	1
	1
	3
	9
	1
	1
	1
	1

	CR.5
	1
	1
	9
	3
	1
	1
	1
	1

	CR.6
	1
	1
	1
	1
	9
	1
	1
	1

	CR.7
	1
	1
	1
	1
	1
	1
	9
	1

	CR.8 
	3
	9
	3
	1
	3
	1
	1
	9



Importance Weight Calculation 
Table 4 Importance Weight Calculation
	Engineering Characteristic
	Score

	EC.1
	86

	EC.2
	98

	EC.3
	78

	EC.4
	45

	EC.5
	64

	EC.6
	62

	EC.7
	45

	EC.8
	102





Roof Matrix 
Table 5 Roof Matrix
	
	EC.1
	EC.2
	EC.3
	EC.4
	EC.5
	EC.6
	EC.7
	EC.8 

	EC.1
	—
	+
	0
	0
	0
	–
	0
	+

	EC.2
	+
	—
	0
	0
	0
	0
	0
	+

	EC.3
	0
	0
	—
	+
	0
	0
	0
	0

	EC.4
	0
	0
	+
	—
	0
	0
	0
	0

	EC.5
	0
	0
	0
	0
	—
	0
	0
	0

	EC.6
	–
	0
	0
	0
	0
	—
	0
	–

	EC.7
	0
	0
	0
	0
	0
	0
	—
	0

	EC.8
	+
	+
	0
	0
	0
	–
	0
	—


Key 
Positive Correlation +
Negative Correlation –
No Correlation 0
[bookmark: _Toc232171719]Key Insights 
· By increasing wall thickness of the phone case, there will be improved protection however this will make the phone case heavier 
· Structural Reinforcement is the most critical factor 
· Surface Finish will impact scratch resistance and aesthetics
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Table 6 FMEA Phone Case
	No.
	Failure Mode
	Effect
	Cause
	S
	O
	D
	RPN
	Recommended Actions

	F1
	Case cracks under impact
	Phone damage
	Low impact strength or poor material quality
	9
	4
	4
	144
	Use high-grade PC; include impact testing

	F2
	Case scratches easily
	Poor aesthetics, reduced lifespan
	No protective coating
	5
	6
	5
	150
	Apply scratch-resistant coating

	F3
	Poor fit (too loose/tight)
	Phone slips or difficult assembly
	Manufacturing tolerance issues
	8
	3
	4
	96
	Tighten tolerance control (±0.2 mm)

	F4
	Case too slippery
	Dropping frequency increases
	Low surface friction
	7
	5
	5
	175
	Add textured/matte surface

	F5
	Interference with wireless charging
	Charging failure
	Excessive thickness/material properties
	6
	3
	6
	108
	Limit wall thickness; validate compatibility

	F6
	Warping due to heat
	Poor fit and durability
	Thermal instability
	6
	3
	5
	90
	Use heat-resistant PC grade

	F7
	Button misalignment
	Poor usability
	Design inaccuracies
	5
	4
	4
	80
	Improve CAD accuracy and testing

	F8
	Yellowing/discolouration (UV exposure)
	Aesthetic degradation
	UV sensitivity of PC
	4
	5
	6
	120
	Use UV-stabilised PC material

	F9
	Structural weakness at corners
	Reduced drop protection
	Poor design (no reinforcement)
	9
	4
	5
	180
	Add reinforced corners/ribbing

	F10
	Excessive weight
	Reduced user comfort
	Overdesign / too thick
	4
	5
	3
	60
	Optimise thickness using FEA


S – Severity O – Occurrence D – Detectability RPN = S*O*D
2

[bookmark: _Toc232171721]Objectives 
· Identify the influence material type and wall thickness has on impact protection 
· Evaluate the effect of ribbing has on stress distribution 
· Identify the combination of design parameters that provides the best balance of protection weight and manufacturability 
[bookmark: _Toc232171722]Experimental Factors and Levels 
Table 7 Experimental Factors
	Factor
	Level 1
	Level 2 

	Material Type
	TPU
	Polycarbonate (PC)

	Wall Thickness
	2mm
	3mm

	Internal Ribbing
	No Ribbing 
	Ribbing 


[bookmark: _Toc232171723]Measurements 
Through the experiments, the below variables will be measured through simulations and physical testing 
1. Max Stress (MPa)
2. Max Deformation (mm)
3. Impact Energy Absorption (J)
4. Product Mass (g)
5. Manufacturing Feasibility Report  
[bookmark: _Toc232171724]Testing Method 
Designs will be modelled using Fusion 360 cad software and analysed using Finite Element Analysis (FEA) to determine the max stress and deformation of the phone case and Injection Moulding simulations to determine the manufacturability of the design. Both simulations will be carried out on the Fusion 360 software. A drop test will be completed to determine impact resistance; the test will involve dropping a phone case from a height of 1.5m onto a rigid surface. 
[bookmark: _Toc232171725]Expected Outcomes 
The DOE will identify the optimal combination of material and design that will give sufficient impact protection while keeping product weight and material usage to a minimum for usability and sustainability. 
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Figure 2 Material Group Comparisons - Yield Strength-Density
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Figure 3 Material Group Comparisons - Hardness-Density
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Figure 4 Material Group Comparisons - Elongation-Density
[image: ]
Figure 5 Material Group Comparisons - Yield Strength-Price
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Figure 6 Material Group Comparison - Hardness-Price
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Figure 7 Material Group Comparison - Elongation-Price
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[bookmark: _Toc232171729]4.2.1 TPU Figure 8 TPU Details and Material Properties

[bookmark: _Toc232171730]Polycarbonate (PC) + 20% Fibre Figure 9 PC +20% Fibre Details and Material Properties


[bookmark: _Toc232171731]Silicone 
Figure 10 Silicone Details and Material Properties

[bookmark: _Toc232171732]Material Choice 
For the design of the phone case, the organisation has decided to use Polycarbonate. The primary function of the phone case is to prevent damage to the phone itself, but aesthetics and manufacturability is also important. Polycarbonate was selected due to its strength, stiffness and manufacturability. Although the impact strength of TPU and Silicone is greater than that of Polycarbonate, as per the above images from Granta, polycarbonate does not flex as much as the other two choices. This allows Polycarbonate to distribute load effectively across the case. Due to Polycarbonates superior hardness (Vickers) 30 HV, polycarbonate is much more scratch, and wear resistant compared to TPU and Silicone. This helps maintain the aesthetics of the phone case. 
Polycarbonate is also more appropriate for injection moulding, due to its viscosity, allowing it to flow well through the machine and have shorter cycle times. Silicone is much harder to manufacture and requires separate tooling and longer curing cycles. Although cheaper than Polycarbonate this can drive up manufacturing costs. Polycarbonate is cheaper per kg than TPU. 

[bookmark: _Toc232171733]Design and Development 
[image: ]3D Model Figure 11 3D model of phone case



The Phone case is modelled using the design and dimensions of the iPhone 17, featuring the ports and spaces for the buttons present on the phone. The design features multiple ports on bottom side for the charging cable and headphone jack if required along with opening for the phone’s speakers. The design will also have openings for each of the buttons and three holes for the phone’s camera. The phone case will be made from Polycarbonate which will provide good yield strength and impact resistance while keeping material costs lower than other material options. 




Drawing
[image: ]
Figure 12 Technical Drawing Phone Case
[bookmark: _Toc232171734]Simulation and Validation 
[bookmark: _Toc232171735][image: ]Injection Moulding Simulation Figure 14 Injection Moulding Simulation Results - Fill
Figure 13 Injection Moulding Simulation Setup

The simulation results indicate that approximately 75.725% of the mould cavity is successfully filled under the current process parameters. However, the analysis also identifies several regions that are difficult or highly difficult to fill. These problematic areas are primarily located at the extremities of the mould, furthest from the fill point, which is positioned at the centre of the rear face. The increased distance from the gate reduces material flow efficiency and may lead to incomplete filling in these sections.
To improve the filling performance, increasing the filling time could allow the molten material additional opportunity to reach these challenging regions before solidification occurs. This may reduce the percentage of unfilled areas and improve the overall quality and completeness of the final component. Furthermore, the introduction of an additional fill point could enhance material distribution throughout the mould cavity. By reducing the flow path length and promoting a more balanced filling pattern, a secondary fill point may help minimise flow restrictions and improve the likelihood of achieving complete mould filling across the entire design.

[image: ]
Figure 15 Injection Moulding Simulation Results - Surface Defects
The simulation results also identified several potential quality defects that may affect the appearance and structural integrity of the finished phone casing. Analysis indicated the presence of sink marks in certain areas of the component, alongside a high probability of weld line formation during the mould filling process. Sink marks typically occur when thicker sections of the moulded part cool and shrink unevenly, creating visible depressions on the surface. Weld lines are formed when two or more flow fronts of molten material meet but do not fully fuse together, which can result in visible surface imperfections and potentially reduce the mechanical strength of the component.
To minimise these defects, modifications to the component geometry should be considered. Reducing the wall thickness in critical areas can help promote more uniform cooling and reduce material shrinkage, thereby decreasing the likelihood and severity of sink marks. Similarly, adjusting the radii and overall design features of the model can improve material flow characteristics within the mould cavity. This may help reduce the occurrence of weld lines by encouraging a smoother and more consistent flow of material throughout the filling process.
[image: ]
Figure 16 Injection Moulding Simulation – Warpage
The simulation results indicate that the component is likely to experience a maximum deflection of 0.386 mm, with the greatest displacement occurring at the centre of the part. This deflection is a result of warpage, which commonly occurs during the injection moulding process due to uneven cooling rates, material shrinkage, and the development of residual stresses within the component. Excessive warpage can negatively affect the dimensional accuracy of the product and may lead to issues during assembly or reduce the overall quality of the finished part.
The location of the maximum deflection suggests that the central region of the component is particularly susceptible to deformation as the material cools and contracts. To reduce the extent of warpage, adjustments to the moulding parameters should be considered. Increasing the fill time may promote a more consistent flow of material throughout the mould cavity, helping to minimise internal stresses generated during the filling stage. In addition, extending the cooling time can allow the component to cool more uniformly before ejection from the mould, reducing differential shrinkage across the part. Further optimisation of processing conditions, including cooling efficiency and material distribution, may also contribute to improved dimensional stability
Overall, the simulation highlights the need for optimisation of the filling strategy to improve mould performance and ensure that all regions of the component can be filled effectively. The simulation highlights the importance of optimising the component design prior to manufacture. By refining the geometry and improving material flow conditions, the quality of the finished product can be enhanced, resulting in a more aesthetically pleasing component with fewer manufacturing defects. The simulation demonstrates that while the predicted deflection is relatively small, refinements to the manufacturing process could help reduce warpage and improve the accuracy and quality of the final product.
[bookmark: _Toc232171736]FEA Analysis 
[image: ]The Phone case has a minimum safety factor of 5.084, this means that the case should be able to withstand a load 5 times that of the expected maximum working load before failing. However, there may still be some deformation to the phone case. The scenario tested was when one takes the phone case off the phone, doing so by pressing down on the top corner to detach it from the phone. However, this does not necessarily apply to if the phone case if it was to be dropped, Polycarbonate does however have a hardness (Vickers) of 30 HV which is greater of the TPU and Silicone.  Figure 17 Phone Case Safety Factor

[image: ]
Figure 18 Phone Case Displacement
When 25N of force is applied to the phone case, it is likely to experience up to 0.83mm of displacement at the opposite corner to which the force is applied. This is since the phone case is not perfectly rigid. When the force is applied to the one corner the rest of the body is likely to slightly flex, causing ~1mm of displacement between the two corners. This is a small amount of deformation when the load is applied. 
[bookmark: _Toc232171737]Cost Calculation and Analysis
[bookmark: _Toc232171738]Production Cycle Time Analysis
Cycle time of Unit Operation (Tc)

Table 8 Actual Cycle Time
	 
	Time (S)

	Injection time
	1.15

	Cooling Time 
	10(Tang, 2026)


	Return Time
	5(Tang, 2026)

	Actual Cycle Time (To)
	16.15



Table 9 Cycle time of unit operation
	 
	Time (secs)

	Actual Processing Time (To)
	16.15

	Work Part Handling Time (Th)
	30

	Tool Handling Time (Tt)
	2

	Cycle Time (Tc)
	48.15



Total Time to complete Batch (Tb)

Table 10 Total Time to complete Batch
	 
	Time (S)

	Setup Time (TsU)
	300

	Batch Quantity (Qb)
	100

	Cycle Time (Tc)
	48.15

	Batch Time (Tb) 
	5115


Total Time to complete batch is 5115 seconds per batch or 85.25 minutes per batch.
Average Production Time per piece (Tp)

Table 11 Average Production Time per piece
	 
	Time (S)

	Batch Time (Tb)
	5115

	Batch Quantity (Qb)
	400

	Average Cycle time
	12.79



Average Hourly Production Rate (Rp)


The average hourly production rate is 282 cases per hour 

[bookmark: _Toc232171739]Cost Models 
Cost Per Piece (Cp) 

Tooling Cost (Ct)

Table 12 Tooling Cost
	Cost of Tooling (Ctool)
	3816 (Ferreira, 2024)


	Tooling Life (N)
	30000 (Melito, 2023)


	Tooling Cost (Ct) 
	0.1272



Tooling cost is £0.13


Cost Rate to operate work equipment 

Cost rate of labour (Cl)

As of April 2026, the average the minimum wage is £12.71 (Business Wales, 2026)
The average Labour Overhead rate is between 15-30%, for this cost analysis we will use 25% (Maillet, 2021)


Equipment Cost Rate (Ceq)

A Wenming Injection Moulding Machine costs ~£31,500(Wenming, n.d.), injection moulding machines have a lifespan of ~10 to 20 years running for ~1800 hours a year (Topstar, 2024)
Table 13 Equipment Cost Rate
	Equipment Cost 
	31500

	Years of Service
	10

	Annual Hours of Operation 
	1800

	Equipment Overhead
	0.2

	Equipment Cost Rate 
	0.035



This gives an equipment cost rate of £0.035/min
Therefore, Cost to Operate Work Equipment is;



According to Granta, Polycarbonate costs £6.66 per kg. Based on data from the British Plastics Federation, Polycarbonate has a density of 1.20g/cm^3 (British Plastics Federation, 2026). Using the Technical drawing of the phone case the estimated weight of the phone case to 28.6g which means it is possible to make 35 phone cases per kg of Polycarbonate. This means that it costs £0.19 per case 
Cost Per Piece (Cp)

Table 14 Cost Per Piece
	Material Cost (Cm) 
	0.19

	Cost Rate Work Equipment (Co)
	0.295

	Average Production Time (Tp)
	0.213

	Tooling Cost (Ct)
	0.13

	Cost per Piece (Cp)
	0.382835



The Cost Per Piece is £0.38

[bookmark: _Toc232171740]Break Even Analysis 
Break Even Point 
Proft = Revenue-Total Cost 
At Break Even, there is no profit or loss, therefore;
Revenue=Total Cost 
To make a profit on the phone case the organisation will sell them at £1.50 per case. The annual overhead costs for the company can be estimated at £50,000. Assuming that the only variable cost is for the material, which was calculated at £0.19 per case. The breakeven point is;



For the company to break even, it must sell at least 44,643 cases a year. 
[bookmark: _Toc232171741]Sustainability considerations 
Sustainability should be considered throughout the design process for any product. Engineers and designers should be considering material choice, energy usage of manufacturing process and waste management. 
It is important to use recyclable materials; this means that at end of life the material can be repurposed. Polycarbonate is a thermoplastic which means that it can be melted and reshaped multiple times, this will allow for the phone case to be recycled at the end of life. It also allows for the manufacturer to use recycled polycarbonate when manufacturing the phone cases. Minimising the number of materials that go into the phone case also improves the recyclability of the phone case
Minimising the amount of waste material is a good way to improve sustainability, reducing reject rate and flash can limit the amount of waste material produced during manufacturing. The use of recyclable material does mean that this waste material can be used elsewhere rather than being disposed of.  
[bookmark: _Toc232171742]Discussion and Recommendations 
[bookmark: _Toc232171743]Design 
The primary requirement of the phone case is to protect the mobile phone. The use of Polycarbonate provides good stiffness and strength to the phone case helping with impact resistance, scratch resistance and due to polycarbonates high yield strength the phone case will better withstand higher loads during normal operation. However, the design does not provide protection to the various buttons and camera lenses that are present on the iPhone 17, to further improve protection the design should include Perspex inserts onto the camera openings to prevent scratches on the camera lens and look to add moveable button protection to reduce the chance of damage to the phones many buttons.
[bookmark: _Toc232171744][image: ]Manufacturing Figure 19 Injection Moulding Simulation Recommendations

The Fusion 360 injection moulding simulation generated several recommendations aimed at improving the filling performance of the component. These recommendations focus on reducing pressure loss during the injection process, which would promote a more uniform flow of material throughout the mould cavity and increase the likelihood of achieving complete filling. A more balanced filling pattern can improve the overall quality of the moulded component and reduce the occurrence of manufacturing defects.
Of the suggested improvements, increasing the injection time and melt temperature are considered the most practical and cost-effective solutions. Increasing the melt temperature reduces the viscosity of the molten polymer, allowing it to flow more easily into complex areas of the mould. Similarly, a longer injection time can help maintain a steady material flow, ensuring that difficult-to-fill regions receive sufficient material before solidification occurs. Together, these adjustments can improve mould filling without requiring significant modifications to the existing design.
Alternative recommendations, such as redesigning the component geometry or introducing additional injection locations, may also improve filling performance. However, these options would increase development and manufacturing costs. Design changes would require further engineering analysis, testing, and validation, while additional injection points would increase mould complexity, resulting in higher tooling costs and potentially longer production times.
Furthermore, improving the filling characteristics of the mould is likely to have a positive impact on other aspects of product quality. More consistent material distribution can reduce residual stresses within the component, helping to minimise warpage after cooling. Improved flow conditions may also decrease the likelihood of surface defects, such as sink marks and weld lines, resulting in a higher-quality finished product. Therefore, adjusting the injection time and melt temperature represents the most viable approach for improving both the manufacturability and performance of the component while maintaining cost efficiency.


[bookmark: _Toc232171745]Conclusion
This report has demonstrated the Design, Analysis and manufacture of a polycarbonate phone case manufactured via injection moulding process, using established engineering design methodologies and analysis tools. DFM and DFA principles were applied throughout the development process to ensure that the phone case would be manufactured efficiently, cost effectively while meeting customer requirements. 
QFD identified structural reinforcement, material selection and wall thickness as critical engineering characteristics influencing customer satisfaction. FMEA highlighted structural weakness and inadequate surface grip has high risk failure modes, informing the design process. DOE provided a framework for evaluating the influence material choice, thickness and ribbing on product performance. FEA analysis confirmed that polycarbonate design posses a minimum safety factor of 5.084 and acceptable deformation when under load. Injection Moulding simulation demonstrated that the design in suitable for manufacture but displayed the potential issues when processing and provided recommendations to improve manufacturability. Cost analysis showed that the phone case can be produced for an estimated cost of £0.38 per unit with an approximate rate 282 units per hour and a break even point of 44643 units. 
The design satisfies the primary objective or providing impact protection, durability, manufacturability and cost effectiveness while maintaining sustainability using recyclable polycarbonate. Further development should focus on increasing the protection of cameras and buttons, optimising mould filling and validate the design using physical prototypes to confirm simulation results.
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General information
Designation @

TPU(r) (30% carbon fiber), Polyurethane (30% PAN Carbon Fiber, Conductive - EMI Shielding)
Tradenames @

Arathane; Autofroth; Avalon; Baydur; Bayflex; Baygal; Carbothane; Conathane; Dunapol: Elastolit; Elastollan:
Elastopor; Elecktra-Giessharz; Estaloc; Hapflex; Hel-Cast; HipPUR; IsoGuard; Isoplast; Lastane; Micares; Moltopren;
Pek-Urethane; Polypur; Poron; Prism; Quinnate; Raku-Pur; Resamine; Rimline; Tecoflex; Tecophilic; Tecoplast:
Tecothane; Tedistac; Texin; Urex; Voracor; Wepuran

Typical uses @

Automotive applications, bumper systems, machinery. sporting goods.

Composition overview

Compositional summary @

‘General formula (NH-R-NH-CO-O-R-0-CO)n where R is from a diisocyanate, most commonly MDI or TDI, and R is
from a polyol; carbon fiber

Material family ® Plastic (thermoplastic, amorphous)
Base material ® TPU(r) (Thermoplastic polyurethane, rigid)
% filler (by weight) ® 30 %
Filler/reinforcement 0] Carbon

Filler/reinforcement form 0] ‘Short fiber (<5mm)

Polymer code ® TPU(r)-CF30

Composition detail (polymers and natural mater

Polymer ® 70 %
Carbon (fiber) ® =2 %
Price

Price ® *792 - o988 GBP/kg.

Price per unit volume ® *104e4 - 1334 GBP/MA3
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General information
Designation @

TPU(r) (30% carbon fiber), Polyurethane (30% PAN Carbon Fiber, Conductive - EMI Shielding)
Tradenames @

Arathane; Autofroth; Avalon; Baydur; Bayflex; Baygal; Carbothane; Conathane; Dunapol: Elastolit; Elastollan:
Elastopor; Elecktra-Giessharz; Estaloc; Hapflex; Hel-Cast; HipPUR; IsoGuard; Isoplast; Lastane; Micares; Moltopren;
Pek-Urethane; Polypur; Poron; Prism; Quinnate; Raku-Pur; Resamine; Rimline; Tecoflex; Tecophilic; Tecoplast:
Tecothane; Tedistac; Texin; Urex; Voracor; Wepuran

Typical uses @

Automotive applications, bumper systems, machinery. sporting goods.

Composition overview

Compositional summary @

‘General formula (NH-R-NH-CO-O-R-0-CO)n where R is from a diisocyanate, most commonly MDI or TDI, and R is
from a polyol; carbon fiber

Material family ® Plastic (thermoplastic, amorphous)
Base material ® TPU(r) (Thermoplastic polyurethane, rigid)
% filler (by weight) ® 30 %
Filler/reinforcement 0] Carbon

Filler/reinforcement form 0] ‘Short fiber (<5mm)

Polymer code ® TPU(r)-CF30

Composition detail (polymers and natural mater

Polymer ® 70 %
Carbon (fiber) ® =2 %
Price

Price ® *792 - o988 GBP/kg.

Price per unit volume ® *104e4 - 1334 GBP/MA3
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General information
Designation @

PC (20% carbon fiber), Polycarbonate (20% PAN Carbon Fiber, Conductive - EMI Shielding)
Tradenames @

ALCOM; Inelec; lupilon; LNP Stat-Kon; Latilon; Panlite; RTP

Typical uses @

Housings, casings, electromagnetic shielding (EMI), electronic displays, electromagnetic shielding (EMI), radio
frequency shielding (RFI), industrial applications, mobile/cell phones, smart phones, laptops, tablets, computers,
‘smart watches, fitness trackers, electric cars, hybrid cars, drones

Composition overview
Compositional summary @

polycarbonate (8PA, bis-phenol A based), carbon

Material family ® Plastic (thermoplastic, amorphous)
Base material ® PC (Polycarbonate)

% filler (by weight) ® 20 %
Filler/reinforcement 0] Carbon

Filler/reinforcement form 0] ‘Short fiber (<5mm)

Polymer code ® PC-CF20

Composition detail (polymers and natural materials)

Polymer ® 80 %
Carbon (fiber) ® 2 %
Price

Price ® *666 - 8 GBP/kg.

Price per unit volume @® *847e3 - 104e4  GBP/MA3
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General information
Designation @

PC (20% carbon fiber), Polycarbonate (20% PAN Carbon Fiber, Conductive - EMI Shielding)
Tradenames @

ALCOM; Inelec; lupilon; LNP Stat-Kon; Latilon; Panlite; RTP

Typical uses @

Housings, casings, electromagnetic shielding (EMI), electronic displays, electromagnetic shielding (EMI), radio
frequency shielding (RFI), industrial applications, mobile/cell phones, smart phones, laptops, tablets, computers,
‘smart watches, fitness trackers, electric cars, hybrid cars, drones

Composition overview
Compositional summary @

polycarbonate (8PA, bis-phenol A based), carbon

Material family ® Plastic (thermoplastic, amorphous)
Base material ® PC (Polycarbonate)

% filler (by weight) ® 20 %
Filler/reinforcement 0] Carbon

Filler/reinforcement form 0] ‘Short fiber (<5mm)

Polymer code ® PC-CF20

Composition detail (polymers and natural materials)

Polymer ® 80 %
Carbon (fiber) ® 2 %
Price

Price ® *666 - 8 GBP/kg.

Price per unit volume @® *847e3 - 104e4  GBP/MA3
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Designation @

silicone (VMIQ, heat cured, low hardness, 5-15% fumed siica), Silicone elastomer / Polydimethylsiloxane / Vinyl methyl
silicone (VMQ /1), heat cured, low hardness

Tradenames @

Momentive; Momentive LSR; ShinEtso LIMS

Typical uses @

Medical: seals, syringe plungers, breast nipple protectors, catheters, sterilization mats, O-Rings for dialyzers, baby bottle
parts, 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 vinyl groups as cure sites
(crosslinking sites), formula {OSICH3CH=CH2}-. Typically compounded with 5-15% fumed silca (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 @ 51.vMQ(ho) (Silicone rubber, vinyl methyl type, heat
cured)

% filler (by weight) ® 5 - 15 %

Filler/reinforcement 0] Mineral

Filler/reinforcement form 0] Particulate

Polymer code ® SI-VMQ-MD10

Composition detail (polymers and natural materials)

Polymer ® 85 - 95 %

Silica (fumed) ® s - 15 %

Price

Brica @ *om - creig

Price per unit volume ® *304e3 - 351e3  GBP/MA3
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Designation @

silicone (VMIQ, heat cured, low hardness, 5-15% fumed siica), Silicone elastomer / Polydimethylsiloxane / Vinyl methyl
silicone (VMQ /1), heat cured, low hardness

Tradenames @

Momentive; Momentive LSR; ShinEtso LIMS

Typical uses @

Medical: seals, syringe plungers, breast nipple protectors, catheters, sterilization mats, O-Rings for dialyzers, baby bottle
parts, 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 vinyl groups as cure sites
(crosslinking sites), formula {OSICH3CH=CH2}-. Typically compounded with 5-15% fumed silca (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 @ 51.vMQ(ho) (Silicone rubber, vinyl methyl type, heat
cured)

% filler (by weight) ® 5 - 15 %

Filler/reinforcement 0] Mineral

Filler/reinforcement form 0] Particulate

Polymer code ® SI-VMQ-MD10

Composition detail (polymers and natural materials)

Polymer ® 85 - 95 %

Silica (fumed) ® s - 15 %

Price

Brica @ *om - creig

Price per unit volume ® *304e3 - 351e3  GBP/MA3




image20.png
Physical properties
Densiy

Mechanical properties
Young's modulus

‘Specific tiffniess

Yield strength (elastic limit)
Tensile strength

Tensile stress at 100% strain
‘Specific strength

Elongation

Elongation at yield
Compressive modulus
Compressive strength

Flexural modulus

Flexural strength (modulus of rupture)
Shear modulus

Bulk modulus

Poisson's ratio

Shape factor

Hardness -Vickers

Hardness - Shore A

Elastic stored energy (springs)
Fatigue strength at 1047 cycles
Tear strength

Impact & fracture properties
Fracture toughness

Toughness (G)

Impact strength, notched 23°C
Impact strength, notched 30 °C
Impact strength, unnotched 23°C

(€]

[SHCHCHCHCHCHCNCONCHCHCNCHCHCNCNCHCHCNCHCIHC]

[SHCNCHCHC)

1.05e3

205e4
15304
169
169
0145
150
a2
a2
205e4
203
205e4
245
10204
000114
047

6.88e3
0676
361

0016
120

10783

21504
20604
213
213
0207
201
782
782
21504
256
21504
300
10804
000350
049

10724
0852
759

0027
329

kg/mn3

GPa
MN.m/kg
MPa
MPa
MPa
kN.m/kg
% strain
% strain
GPa

MPa
GPa

MPa
GPa

GPa

HY

K/mA3
MPa

N/mm

MPam0s
k/mA2
k/mA2
k/mA2
k/mA2




image21.png




image22.png
150

! 5
3
2 |Joseph Davies 29/05/2026 [

1y & B e

& 10 e
8 Phone Case -
|
T 7 7 T g T 7

7




image23.png
Fill /i Visual defects & Warpage

With these study settings, your Fill confidence.

part will be difficult to fill with
aTime to fill of 115 5, and may
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Next steps.

To reduce the pressure drop:
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Edit injection location
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Increase the overall thickness of the.
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edit model
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Select a material with a lower viscosity

Edit study material

Increase or decrease the injection time

Edit process settings

Increase the melt temperature

Edit process settings
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Fill /A Visual defects <> Warpage
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| o reduce the pressure drop:
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