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[bookmark: _Toc231678881]Abstract
This report presents the design, analysis, and optimisation of an injection mould for a mobile phone housing intended for high-volume consumer electronics production. The study integrates key engineering methodologies including computer-aided design (CAD), polymer flow simulation, finite element analysis (FEA), cost modelling, and sustainability assessment to develop a robust, manufacturable, and cost-effective solution. The design process addresses the challenges associated with injection moulding complex, thin-walled geometries, such as warpage, sink marks, weld lines, and air traps, while ensuring high surface finish and dimensional accuracy.
An iterative design approach was adopted, beginning with a baseline geometry which was progressively refined through simulation and validation. Optimisation of wall thickness, gate placement, and cooling behaviour significantly improved flow uniformity and reduced defect formation. The final design demonstrated high fill confidence, controlled shrinkage (~1.2-1.5%), and acceptable warpage (~2 mm), confirming suitability for mass production. Material selection using Granta analysis identified PC‑ABS as the optimal choice, balancing strength, impact resistance, surface quality, and sustainability potential.
Finite Element Analysis validated the structural integrity of the component, highlighting stress concentration in snap-fit regions while confirming overall functional performance. Thermal analysis further emphasised the influence of cooling on deformation and residual stress. Cost analysis demonstrated the economic viability of large-scale production, with considerations for tooling, labour, and outsourcing strategies.
Sustainability was incorporated through material recyclability, energy-efficient design, and waste reduction strategies. Overall, the project demonstrates a successful integration of design for manufacture principles, simulation driven optimisation, and engineering analysis to deliver a viable injection moulding solution for high-volume production, with clear opportunities identified for further refinement in cooling efficiency and structural durability.
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[bookmark: _Toc231678884]Introduction
The purpose of this technical report is to design, analyse, and optimise an injection mould for a mobile phone housing intended for high-volume production. The objective is to develop a manufacturable, cost-effective, and sustainable solution that satisfies stringent performance, quality, and industrial production requirements.
The study applies integrated product development methodologies, including CAD modelling, polymer flow simulation, finite element analysis (FEA), cost modelling, and sustainability assessment, to validate design performance and manufacturability.
Mobile phone housings require lightweight, thin-walled structures incorporating complex features such as snap-fits, mounting bosses, and tight tolerances. While injection moulding enables efficient high-volume production, it introduces challenges including warpage from uneven cooling, sink marks in thicker regions, weld lines at flow convergence zones, and air traps in enclosed geometries.
The primary engineering challenge is therefore to optimise geometry and process parameters to minimise defect formation while maintaining structural performance, dimensional accuracy, and production efficiency. This report addresses these challenges through simulation-driven design and validation.








[bookmark: _Toc231678885]Literature Review
Design For Manufacture (DFM) is a design philosophy aimed at simplifying manufacturing processes, reducing cost, and improving product quality. Key DFM principles for injection moulding would include uniform wall thickness to prevent warpage and sink marks, draft angles to facilitate ejection, filleted corners to reduce stress concentration, minimised undercuts to avoid complex tooling and having features sized to standard tooling capabilities. From the article from design for manufacturing (DFM) to manufacturing for design (MFD) via hybrid manufacturing and smart factory: A review and perspective of paradigm shift the author describes DFM as the main paradigm for the last three decades and “is defined by the limitations of available manufacturing processes” (Chu et al., 2016) DFM is a critical tool to use while designing as “70% of part cost is determined during the early design stage” (Molcho, Cristal and Shpitalni, 2014)
Design for Assembly (DFA) focuses on how easily parts can be assembled. It encourages the use of fewer parts, easy alignment, and modular designs that reduce the time and effort required for assembly. (Willson and Willson, 2025) In mobile phone housings this could include snap‑fit features replace screws and adhesives, symmetry to help reduce assembly orientation errors, self‑locating features support automated assembly and integrated mounting bosses reduce secondary components. The combination of DFM and DFA significantly improves assembly throughput and reduces labour costs.
Injection Moulding is a widely used manufacturing process for plastics, it can produce large quantities with high consistency. “Injection moulding works by forcing molten plastic into a metal mould, where it cools into shape and is then ejected. Before production starts, the mould is CNC-machined from aluminium or steel, then polished or textured depending on the surface finish you need. Once installed, production follows a repeatable four-step cycle: Clamping: The two mould halves are clamped together under high pressure. Injection: Molten plastic pellets are injected into the closed mould cavity through a nozzle. Cooling: The plastic cools and solidifies inside the mould. Cooling time directly affects cycle time and part quality. Ejection: Ejector pins push the finished part out, the mould closes, and the cycle repeats. Cycle times range from seconds to a couple of minutes, depending on part size, wall thickness, and material.” (ProtoLabs, 2023)
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[bookmark: _Toc230099557][bookmark: _Toc231677067]Figure 1- Injection moulding machine (Conrad, 2023)
Finite Elemental Analysis (FEA) validates structural integrity under mechanical and thermal loads. FEA “is the process of predicting an object’s behaviour based on calculations made with the finite element method (FEM). While FEM is a mathematical technique, FEA is the interpretation of the results FEM provides. FEA gives engineers insights into complex systems and structures, helping them make more informed design decisions.”  (ANSYS, 2025)
Quality Function Deployment (QFD) translates customer requirements into engineering specifications. “QFD is a powerful tool to support product definition and aims to link customer requirements to technical or engineering characteristics. The tool provides a conceptual map for communication across functions and provides a focus for design priorities.” (IfM, 2016)
Failure modes and effects analysis (FMEA) evaluates risk and prioritises defect mitigation. FMEA “… is a systematic, step-by-step approach to identify and prioritize possible failures in a design, manufacturing or assembly process, product, or service. It is a common risk analysis tool. The goal of this proactive tool is to mitigate or eliminate potential failures.” (ASQ, 2019)
Design of Experiments (DOE) optimises design variables statistically. DOE allows for the systematic exploration and optimisation of the factors influencing processes. “By testing and analysing multiple variables, our DOE approach uncovers critical insights, enhancing process control, product consistency, and operational efficiency.” (EnerTherm-Engineering, 2024)
In terms of sustainability, manufacturing has a large energy consumption and carbon footprint associated with its practices. In order to address this problem, the concept of sustainable manufacturing is being implemented by many companies along with this “…material selection plays a very important role in the sustainability of plastics. Some materials are more energy intensive to produce than others. Also, what happens to the material at the end of its use-life is very important to consider. Nowadays, for any particular application, a vast selection of materials is available. Hence, the careful selection of materials is crucial to achieve a process that is environmentally, socially and economically benign.” (Vassallo, Rochman and Refalo, 2020)
Another significant part of the project is cost modelling. “A comprehensive cost model is built from several core components, including cost drivers, cost elements, input parameters, and calculation logic; additionally, context-specific adjustments are vital for accurate prediction. These components collectively provide flexibility and support robust decision-making, with each element playing a distinct and necessary role in the model’s overall function.” (Thom, 2025)
[image: ]
[bookmark: _Toc231677121]Table 1- Table of key components in a cost model (Thom, 2025)
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[bookmark: _Toc231678887]Client’s design criteria
The client’s design criteria has four defined points manufacturability, defect mitigation, material/ cost efficiency and sustainability. Manufacturability is defined as the design must be suitable for high volume production. Defect Mitigation states that the mould design must minimise defects such as warping, air pockets and stress concentrations. Material and cost efficiency, the client wants the design to balance material performance with cost effectiveness and demonstrate clear cost analysis. For sustainability the client wants recyclable materials and energy-efficient processes to be prioritised. Table 2 below shows the customer needs against possible engineering metrics to achieve these.
[image: ]
[bookmark: _Toc231677122]Table 2- customer needs vs engineering metrics
[bookmark: _Toc231678888]Performance Attributes
Table 3 below shows the performance attributes for this part. These have been compiled using the client design criteria along with general expectations for the suitability of the mobile phone housing.
[image: ]
[bookmark: _Toc231677123]Table 3- Table showing key performance attributes.



[bookmark: _Toc231678889]QFD Application
The Quality Function Deployment (QFD) presented in figure 2 below translates key customer requirements (the what) for a mobile phone housing into measurable engineering characteristics (the how) to guide the injection mould design. The matrix integrates performance, manufacturability, cost, and sustainability considerations, ensuring that the final design aligns with both user expectations and production efficiency.
Quality characteristics that were included in the QFD were wall thickness uniformity, normal wall thickness (mm), material density, impact strength, gate type, gate location, cooling channel efficiency, cycle time, snap-fit geometry robustness and recycled material content. These reflected a balance between the functional performance (strength, durability), aesthetic quality (surface finish), manufacturing efficiency (cost, defects) and the sustainability targets of the product.
These were placed against demand qualities such as lightweight housing, high impact resistance, minimal warpage, high surface finish, accurate internal mounting, fast assemble via snap fits, low defect rate, low unit cost, recyclable material and low environmental impact. While these parameters will directly control the injection moulding behaviour, structural performance and production cost and efficiency of the product.
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[bookmark: _Toc231677068]Figure 2- QFD for phone case
The QFD relationship matrix identifies the primary design drivers governing the performance and manufacturability of the mobile phone case. The strongest relationships are associated with wall thickness uniformity, cooling channel efficiency, and gate design (location and type), as these directly influence critical customer requirements such as minimal warpage, high surface quality, and reduced defect rates. Wall thickness uniformity is essential for controlling shrinkage and maintaining dimensional accuracy, while cooling efficiency ensures uniform thermal distribution, reducing both warpage and cycle time. Gate design plays a key role in material flow behaviour, affecting the formation of defects such as weld lines and air traps. Collectively, these parameters form the foundation of an effective injection moulding process and require careful optimisation.
Based on their influence, the design requirements can be categorised into critical, major, and secondary factors. Critical factors include cooling efficiency, wall thickness uniformity, gate location, and cycle time, as these have the greatest impact on both product quality and production efficiency. Major factors include nominal wall thickness, snap-fit robustness, impact strength, and gate type, which are essential for mechanical performance but involve trade-offs. For example, increasing wall thickness improves strength but also increases cooling time and warpage risk, while snap-fit features must balance flexibility and durability. These aspects require iterative optimisation and structural validation using FEA.
Secondary factors include material density and recycled content, which mainly influence sustainability and weight rather than manufacturability. While important, their impact on defects and process performance is comparatively lower and constrained by mechanical requirements.
The QFD also highlights key engineering trade-offs. Increasing wall thickness improves strength but extends cycle time, while enhanced cooling systems reduce defects but increase tooling complexity and cost. Additionally, higher recycled material content may reduce environmental impact but can compromise mechanical performance.
Overall, the QFD demonstrates that successful design depends primarily on controlling thermal and flow-related parameters, with cooling design, wall thickness consistency, and gate configuration emerging as the most critical drivers. Prioritising these factors through simulation and optimisation enables a balanced outcome in terms of performance, cost, and sustainability for high-volume production.





[bookmark: _Toc231678890]FMEA
The Failure Mode and Effects Analysis (FMEA) conducted for the injection moulding process of the mobile phone case below in figure 3 provides a systematic evaluation of potential process risks, their causes, and their impact on product quality and manufacturability. The analysis identifies key failure modes across different stages of the process, including material flow, cooling, moulding, and assembly, and quantifies their risk using Severity, Occurrence, and Detection ratings to generate a Risk Priority Number. This structured approach ensures that the most critical risks are identified and prioritised for corrective action.

[image: ]
[bookmark: _Toc231677069]Figure 3- FMEA for phone case
The FMEA identifies warpage, snap-fit failure, and sink marks as the highest-risk failure modes, driven primarily by non-uniform cooling, geometric inconsistencies, and material accumulation. These risks were mitigated through design optimisation, including improved cooling, wall thickness control, and refined gate placement, resulting in significantly reduced RPN values and improved process robustness.
Overall, the FMEA demonstrates that key risks are strongly linked to thermal behaviour, geometric consistency, and material flow characteristics. Addressing these through targeted design and process improvements enables high-quality, defect-free production, supporting high-volume manufacturing. The analysis complements the QFD, providing a cohesive framework for design optimisation, risk reduction, and process efficiency. Utilising all the findings from these will assist in value attract and quality, ensuring we keep loyal customers are per Kano’s Model which visualises product characteristics and stimulating debate within the design team, seen below in figure 4.
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[bookmark: _Toc231677070]Figure 4- Kano Model (University of Cambridge, 2016)





[bookmark: _Toc231678891]Design and Development
[bookmark: _Toc231678892]CAD design for phone case and Technical drawing.
A wall thickness range of 2.1 mm to 2.5 mm is recommended, as it improves flow behaviour, reduces defect formation, enhances packing efficiency, and minimises warpage, resulting in a more robust and manufacturable design. The CAD design has 2.1mm wall thickness, fillets and edge radii were incorporated to reduce stress concentrations, improve material flow during injection moulding, and enhance both structural durability and dimensional stability of the component. 
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[bookmark: _Toc231677071]Figure 5- Left view (AutoDesk, 2024)
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[bookmark: _Toc231677072]Figure 6- Top view (AutoDesk, 2024)
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[bookmark: _Toc231677073]Figure 7- Back View (AutoDesk, 2024)
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[bookmark: _Toc231677074]Figure 8- Front View (AutoDesk, 2024)
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[bookmark: _Toc231677075]Figure 9- Right View (AutoDesk, 2024)
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[bookmark: _Toc231677076]Figure 10- Bottom View (AutoDesk, 2024)
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[bookmark: _Toc231677077]Figure 11- Technical Drawing of phone case. (AutoDesk, 2024)
[bookmark: _Toc231678893]Material Selection.
Based on the material selection analysis, PC‑ABS was identified as the optimal material, providing a balanced combination of mechanical performance, manufacturability, and sustainability. The material offers high impact resistance, ensuring durability under service conditions, while maintaining sufficient stiffness for thin-walled structures.
PC‑ABS also provides good dimensional stability, reducing susceptibility to shrinkage-induced warpage during cooling, and exhibits favourable processing characteristics, enabling consistent flow and surface quality in injection moulding. In addition, the potential for recycled content supports environmental objectives without significantly compromising performance.
Overall, PC‑ABS meets the functional, aesthetic, and manufacturing requirements of high-volume consumer electronics production more effectively than alternative materials.
[image: A blue and black text on a white background
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[bookmark: _Toc231677078]Figure 12- Input parameters for material selection on Granta
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[bookmark: _Toc231677079]Figure 13- Tensile strength vs density (ANSYS, 2025a)
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[bookmark: _Toc231677080]Figure 14- Hardness vs density (ANSYS, 2025a)
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[bookmark: _Toc231677081]Figure 15- Young's modulus vs price (ANSYS, 2025a)
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[bookmark: _Toc231677082]Figure 16- price vs tensile strength (ANSYS, 2025a)
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[bookmark: _Toc231677083]Figure 17- Polymer extrusion vs polymer moulding energy (ANSYS, 2025a)
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[bookmark: _Toc231677084]Figure 18- Young's modulus vs density (ANSYS, 2025a)
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[bookmark: _Toc231677085]Figure 19- elongation vs young's modulus
[image: A blue circles and lines

AI-generated content may be incorrect.]
[bookmark: _Toc231677086]Figure 20- density vs price (ANSYS, 2025a)
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[bookmark: _Toc231677087]Figure 21- price vs thermal expansion coefficient (ANSYS, 2025a)
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[bookmark: _Toc231677088]Figure 22- Maximum service temperature vs price (ANSYS, 2025a)

[image: A blue and white graph

AI-generated content may be incorrect.]
[bookmark: _Toc231677089]Figure 23- young's modulus vs tensile strength (ANSYS, 2025a)

[image: A graph with a red line

AI-generated content may be incorrect.]
[bookmark: _Toc231677090]Figure 24- S-N graph for polycarbonate (Juracka, Bujdos and Lehner, 2025)

[bookmark: _Toc231678894]Rationale for material selection choice.
Based on this assessment, a PC‑ABS blend was selected as the most suitable material for the mobile phone housing. This material offers a combination of high impact resistance, ensuring durability under drop conditions, and an excellent surface finish, meeting aesthetic requirements for consumer electronics. In addition, PC‑ABS exhibits good dimensional stability, reducing the risk of warpage during cooling, and supports the incorporation of recycled content (up to approximately 30%), contributing to sustainability targets. Its widespread use in consumer electronics further validates its suitability for high‑volume injection moulding applications.





[bookmark: _Toc231678895]Simulation and Validation
[bookmark: _Toc231678896]Simulation of phone case.
Initial simulation results (appendices 11.1 and 11.2) identified limitations in flow uniformity, temperature distribution, and defect formation, primarily due to suboptimal gate placement and non-uniform wall thickness. These factors resulted in increased shrinkage variation, warpage, and a higher risk of weld lines and air traps.
Targeted design modifications, including optimised gate positioning, improved wall thickness consistency, and enhanced consideration of thermal behaviour, resulted in significantly improved performance. The final simulation (appendices 11.3) demonstrates uniform flow distribution, reduced defect concentration, and improved thermal consistency, confirming that the iterative design process effectively enhanced manufacturability, structural stability, and overall product quality.
[bookmark: _Toc231678897]Filling Analysis
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[bookmark: _Toc231677091]Figure 25- Fill confidence simulation image (AutoDesk, 2024)
The fill confidence results show a high level of confidence across the majority of the component, with only minor low-confidence areas in thinner or complex regions. This represents a clear improvement compared to the initial simulations, where larger low-confidence zones were present. The improved prediction confirms that the component is now highly manufacturable, with a low risk of defects during production.
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[bookmark: _Toc231677092]Figure 26- Fill time simulation image (AutoDesk, 2024)
The filling results indicate a uniform and continuous flow front progression throughout the component, demonstrating that the revised gate placement has successfully balanced material distribution. There are no evidence of incomplete filling or hesitation zones, confirming that the melt is able to reach all regions efficiently. This improved flow behaviour reduces the likelihood of short shots and ensures consistent part formation, validating the gate design strategy.
[image: A rainbow colored cell phone case
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[bookmark: _Toc231677093]Figure 27- Injection pressure simulation (AutoDesk, 2024)
The injection pressure distribution remains within acceptable limits, indicating that the melt flow is not restricted by the geometry. Pressure is evenly distributed from the gate through to the extremities of the part, confirming that the design supports efficient filling without excessive machine load. This aligns well with the calculated pressure (~200 MPa), demonstrating consistency between analytical and simulation results.
[bookmark: _Toc231678898]Thermal Analysis
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[bookmark: _Toc231677094]Figure 28- Flow front temperature simulation (AutoDesk, 2024)
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[bookmark: _Toc231677095]Figure 29- Average temperature at end of fill simulation (AutoDesk, 2024)
The temperature results show a relatively uniform melt temperature throughout the filling process, with only slight cooling at the flow front edges. This improved thermal consistency reduces the formation of premature solidification, which was more evident in earlier simulations. The controlled temperature profile minimises defects such as weld lines and ensures better surface finish quality.
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[bookmark: _Toc231677096]Figure 30- Solidified plastic at ejection simulation (AutoDesk, 2024)
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[bookmark: _Toc231677097]Figure 31- Time to ejection temperature (AutoDesk, 2024)
The simulation predicts a cooling time of approximately 38- 40 seconds, confirming that cooling remains the dominant phase of the cycle. The thermal distribution indicates more uniform heat dissipation compared to earlier simulations, although minor hot spots are still present near thicker regions. While the cooling performance is acceptable, it highlights an opportunity for further optimisation to reduce cycle time and improve production efficiency.

[bookmark: _Toc231678899]Defect Analysis
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[bookmark: _Toc231677098]Figure 32- Weld lines simulation (AutoDesk, 2024)

Weld lines are present but are fewer and more controlled than in previous simulations. They occur primarily in areas where multiple flow fronts meet, which is expected in multi-directional filling. The reduced number and improved distribution of weld lines suggest enhanced flow uniformity and reduced risk to structural integrity.
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[bookmark: _Toc231677099]Figure 33- Air Traps simulation (AutoDesk, 2024)
Air trap formation is limited to small, predictable regions at the end of flow paths. These are significantly reduced compared to earlier simulations and are located in areas where venting can be easily incorporated into the mould design. This indicates improved flow front convergence and reduced entrapment of gases.
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[bookmark: _Toc231677100]Figure 34- Sink marks simulation (AutoDesk, 2024)
The sink mark analysis shows minor surface depressions in thicker sections of the design. While these are still present, their severity is lower than in earlier simulations, indicating improved packing and cooling balance. These defects are cosmetic and can be further reduced through minor geometry optimisation, such as ribbing or thickness reduction.
[bookmark: _Toc231678900]Structural results
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[bookmark: _Toc231677101]Figure 35- Warpage simulation (AutoDesk, 2024)
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[bookmark: _Toc231677102]Figure 36- Deflection simulation (AutoDesk, 2024)
The warpage results indicate a maximum deformation of approximately 2 mm, with deflection concentrated in unsupported or thinner regions. This represents a reduction in deformation compared to earlier iterations, demonstrating that improved flow and cooling balance have positively impacted structural stability. Although still within acceptable limits, these areas remain critical for further design refinement.
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[bookmark: _Toc231677103]Figure 37- Volumetric shrinkage simulation (AutoDesk, 2024)
The shrinkage results show values in the range of approximately 1.2-1.5%, with higher shrinkage occurring in thicker sections of the component. Compared to earlier simulations, the shrinkage distribution is now more consistent across the part, reducing the risk of dimensional inaccuracies. This confirms that the design adjustments have improved packing efficiency and material behaviour during cooling.
[bookmark: _Toc231678901]Finite Element Analysis
[bookmark: _Toc231678902]Static stress analysis
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[bookmark: _Toc231677104]Figure 38- Von Mises stress (AutoDesk, 2024)
As seen in appendices 11.4 the static stress analysis indicates that the component experiences localised stress concentrations at snap-fit features, sharp geometric transitions, and thin wall sections. Peak stress levels approach the material yield strength (54.4 MPa), highlighting these regions as critical with respect to structural integrity.
The stress distribution demonstrates typical polymer behaviour, with low stress in uniform regions and elevated stress at discontinuities, confirming the influence of geometric features on load transfer. Corresponding displacement results indicate that, while global deformation remains within acceptable limits, localised regions are highly stressed and susceptible to yielding.
These results correlate with analytical predictions, confirming that while the structure is globally robust, the snap-fit regions represent the primary structural limitation due to stress concentration.



[bookmark: _Toc231678903]Thermal stress analysis
As can be seen in appendices 11.5 the thermal stress analysis demonstrates that non-uniform cooling generates residual stresses, particularly in thicker regions and at geometric discontinuities where heat dissipation is uneven. These residual stresses contribute directly to the warpage observed in the moulding simulation (~2 mm).
The results highlight the strong coupling between thermal behaviour and mechanical response, where residual stresses amplify deformation and reduce dimensional accuracy.
This confirms that effective thermal management, particularly through uniform wall thickness and optimised cooling design, is critical for achieving both structural stability and manufacturing quality.
[bookmark: _Toc231678904]Non-linear static stress analysis
As seen in appendices 11.6 The nonlinear static analysis provides a more accurate representation of snap-fit behaviour by incorporating large deformation effects. Results show significant elastic deformation in the snap-fit regions, allowing stress redistribution compared to the linear model.
Despite this redistribution, stress levels remain high relative to the material yield strength, indicating a risk of plastic deformation or fatigue failure under repeated loading cycles.
This confirms that the design successfully achieves functional flexibility but highlights a critical trade-off between deformation capability and long-term durability, with the snap-fit geometry representing the primary constraint on performance.
[bookmark: _Toc231678905]Validation of the robustness
The robustness of the component is validated through the integration of simulation, analytical calculations, and FEA. Injection moulding simulations confirm stable filling behaviour, controlled shrinkage (~1.2-1.5%), and acceptable warpage (~2 mm), indicating consistent manufacturability under varying process conditions.
FEA further demonstrates that, although localised stress concentrations occur at snap-fit features, global structural performance remains within functional limits. These high-stress regions are predictable and can be targeted for design optimisation.
The strong correlation between analytical predictions and simulation results confirms that component behaviour is well characterised and controlled. Overall, the design is considered robust for high-volume production, with minor refinement required in critical stress regions.
[bookmark: _Toc231678906]Dimensional accuracy
Dimensional accuracy was validated through both analytical and simulation-based shrinkage assessments. The calculated shrinkage (~1.2%) closely aligns with simulation results (1.2-1.5%), confirming model accuracy.
Dimensional variation is generally uniform, with minor deviations in thicker regions due to localised cooling differences. Warpage remains limited to approximately 2 mm, ensuring overall geometric stability.
Design improvements, including uniform wall thickness and optimised gate placement, have reduced shrinkage variation and enhanced dimensional stability. The component therefore meets functional requirements while maintaining acceptable manufacturing tolerances.







[bookmark: _Toc231678907]Engineering Calculations
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The calculations confirm that the design meets lightweight and material efficiency requirements, shrinkage remains within acceptable limits, ensuring dimensional accuracy, injection pressure and clamping force are sufficient for defect-free moulding, cooling time is the dominant factor influencing cycle time and cost, snap-fit regions require optimisation due to high local stress and the heat transfer supports efficient cooling but can be improved further.
Overall, the analytical results strongly support the simulation and demonstrate a technically viable design, with clear areas identified for further optimisation.
[bookmark: _Toc231678908]Cost Calculation Analysis
[bookmark: _Toc231678909]Material Costs.
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[bookmark: _Toc231678910]Manufacturing Costs
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Injection moulding cost efficiency is primarily driven by labour, machine utilisation, tooling, and material usage. Maximising production rate and minimising material waste are key to reducing unit cost. Strategic improvements can significantly enhance margins, including the use of multi-cavity tooling to increase output without proportional cost increases, greater automation to reduce labour dependency (for example lowering labour costs from around £190k to £120k or outsourcing to another country), and running operations 24/7 to maximise asset use and dilute fixed costs. In addition, optimising material usage remains the most effective lever for reducing variable costs and improving overall profitability. 
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[bookmark: _Toc231677105]Figure 39- Average salaries of production workers and machine operators (Reshoring Institute, 2022)
When mass-producing an ABS-Polycarbonate mobile phone case at a scale of 1 million units, outsourcing to Asia (such as China or Vietnam) cuts initial tooling expenses by 30% to 50% and reduces the per-part cost by up to 40%. However, when importing to the UK, you trade off these upfront financial savings against longer lead times, shipping freight complexities, and import duties. Below in table 4 you will see the trade-off for the differences for outsourcing.
[image: ]
[bookmark: _Toc231677124]Table 4- UK vs Asia outsourcing costings (Li, 2024) (admin, 2024) (Mulan, 2026) (Hu, 2025)
[bookmark: _Toc231678911]Break even analysis
Break-Even Analysis used to calculate the break-even production volume to justify high-volume manufacturing.

[image: A diagram of a cost reduction

AI-generated content may be incorrect.]
[bookmark: _Toc231677106]Figure 40- Break-even point graph (Schmidt, 2023)
The break-even point of this product shown below has been calculated using the fixed and variable costs from above and the selling price of the product.
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[bookmark: _Toc231678912]Sustainability Considerations
[bookmark: _Toc231678913]Material Recyclability
ABS- PC is a thermoplastic blend, meaning it can be, melted, reprocessed and remoulded into new parts although recycling typically happens in industrial mechanical recycling processes. Reusing ABS‑PC reduces raw fossil resource use but also energy consumption compared to virgin materials. It is categorised in category 7- other materials.
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[bookmark: _Toc231677107]Figure 41- Plastic recycling categories (Everich, 2020)
[image: ]
[bookmark: _Toc231677108]Figure 42- Category 7 recycling details (Hall, 2023)
There are other alternatives which offer easier recyclability but these did not meet the criteria of the design specification, ABS-PC provides the robustness required for the phone case while still offering the option of recycling.

[bookmark: _Toc231678914] Energy Efficiency
Energy efficiency in the injection mould design is primarily achieved through optimisation of cooling, geometry, material selection and process parameters. Conformal cooling channels significantly improves heat removal and reduces temperature gradients, shorter cycle times and lower energy consumption per part. Additionally, maintaining a uniform wall thickness (~2.1 mm) minimises unnecessary material mass and reduces cooling time, further improving efficiency. The material selection of PC‑ABS supports energy efficiency due to good flow characteristics and moderate processing temperatures, reducing both thermal and mechanical energy requirements. Process optimisation including controlled melt temperature and injection pressure, ensures efficient operation without excessive energy input. Furthermore, the use of durable tooling materials (P20 and H13 steel) maintains consistent thermal performance over long production cycles, reducing inefficiencies caused by tool wear. Overall, these design decisions reduce cycle time, minimise waste, and improve energy efficiency, making the process more cost-effective and environmentally sustainable. To further enhance energy efficiency the introduction of renewable energy sources could be a possibility.
[bookmark: _Toc231678915]Waste Reduction
In this design waste reduction is achieved through optimised part geometry, efficient mould design and controlled processing. The housing incorporates a uniform wall thickness (~2.1 mm) and cored features, minimising excess material while maintaining structural strength. This reduces material usage, prevents defects and lowers the number of rejected parts. The mould design includes a balanced runner system ensuring consistent material flow and reducing defects such as air traps and incomplete filling. This improves part quality and minimises scrap production. Additionally, runner material can be reused through regrind, improving overall material utilisation. The use of recyclable PC‑ABS material further supports waste reduction by allowing scrap material to be reprocessed without significant loss of performance. 

[bookmark: _Toc231678916]Discussion and Recommendations
[bookmark: _Toc231678917]Comparison with Customer Requirements
The simulation and FEA results indicate that the design largely satisfies the key customer requirements of manufacturability, structural performance, and defect mitigation, although some limitations remain.
Dimensional accuracy is achieved within acceptable industrial tolerances, with predicted warpage of approximately 2.1 mm and deflection up to 1.8 mm. While these values are suitable for non-precision consumer components, they approach upper acceptable limits, indicating that further refinement of cooling uniformity would be beneficial. This suggests that the current design is functional but not fully optimised for dimensional stability.
Shrinkage behaviour is well controlled, with values in the range of 1.2–1.5%, demonstrating good agreement between analytical and simulation results. This confirms that the selected material and geometry provide predictable behaviour during cooling, supporting consistent assembly performance. However, localised deviations in thicker sections highlight the continued influence of geometry on thermal behaviour.
From a manufacturability perspective, the design performs well, with balanced flow behaviour and acceptable injection pressure distribution (~200 MPa). Defect formation, including weld lines, air traps, and sink marks, has been significantly reduced through design iteration. However, these defects are not fully eliminated and remain dependent on local flow conditions, indicating that further optimisation of gate placement and cooling design could improve part quality.
Overall, the design meets most customer requirements, but the results demonstrate that performance is achieved through design compromise rather than full optimisation, particularly in relation to thermal management and deformation control.

[bookmark: _Toc231678918]Design Trade-Offs
The final design is governed by several key engineering trade-offs, which highlight the challenges of balancing performance, cost, and manufacturability.
The most significant trade-off exists between cooling time and production efficiency. A cooling time of approximately 38-40 seconds improves dimensional stability and reduces residual stress, but increases cycle time and limits production throughput. While this improves quality, it directly impacts cost per unit, indicating that further cooling optimisation, such as conformal cooling, could provide a more efficient solution.
Wall thickness presents a further compromise between structural performance and defect formation. Increasing thickness improves strength and stiffness, particularly in snap-fit regions, but leads to higher shrinkage and increased risk of sink marks. Conversely, thinner sections reduce material usage and cooling time but increase deformation and stress concentration. The selected thickness of approximately 2.1 mm represents a balanced solution, although localised optimisation may further improve performance.
Gate configuration also introduces competing requirements. Multiple gate locations improve flow balance and reduce warpage, but increase the occurrence of weld lines, which can negatively affect surface quality and structural integrity. This reflects a common trade-off in injection moulding, where flow control must be balanced against cosmetic and mechanical requirements.
Finally, cost and tooling complexity are closely linked. A simpler mould design reduces initial tooling cost and manufacturing complexity, but limits the implementation of advanced solutions such as conformal cooling channels. While the current design is cost-effective, it sacrifices some performance potential that could be realised through more advanced tooling.
These trade-offs demonstrate that the final design represents a compromise solution, where improvements in one area are often achieved at the expense of another, requiring careful engineering judgement.
[bookmark: _Toc231678919]Recommendations and Future Work
Based on the analysis, several targeted improvements are recommended to further enhance performance and move the design closer to full optimisation.
Improving the cooling system represents the most significant opportunity. The introduction of conformal cooling channels would reduce thermal gradients, leading to lower residual stress, reduced warpage, and shorter cycle times. Although this would increase tooling cost, the improvement in production efficiency could justify the investment in high-volume manufacturing.
Geometric refinement is also recommended, particularly in regions of varying wall thickness. Introducing smoother transitions and reducing abrupt thickness changes would improve uniform cooling behaviour and reduce localised shrinkage and deformation. This would also contribute to improved stress distribution, particularly in critical areas such as snap-fit features.
Further optimisation of gate placement should be considered to minimise weld line formation and improve flow uniformity in visible regions. While software limitations restricted this in the current study, advanced simulation tools or experimental validation could enable more refined gate configurations.
To address sink marks, local thickness reduction or the introduction of rib structures is recommended. This approach maintains structural integrity while reducing material accumulation and improving cooling efficiency.
Material enhancement could also be explored through modified PC‑ABS blends or fibre-reinforced variants, which would increase stiffness and reduce deformation. However, this must be balanced against potential impacts on cost, processability, and recyclability.
Finally, experimental validation is recommended to confirm simulation predictions, particularly for warpage, surface defects, and snap-fit performance. Physical testing would provide further confidence in the design and allow calibration of simulation models.
[bookmark: _Toc231678920]Conclusion
The results demonstrate that the optimised PC‑ABS design is suitable for high-volume injection moulding, achieving a balance between performance, manufacturability, cost efficiency, and sustainability.
Simulation and analytical validation confirm controlled shrinkage (~1.2-1.5%), acceptable warpage (~2 mm), and stable flow behaviour, indicating reliable production capability. While minor defects such as weld lines and sink marks remain, their distribution is controlled and predictable.
FEA highlights that structural performance is primarily limited by stress concentrations at snap-fit features, indicating the need for further optimisation to improve durability under repeated loading.
Overall, the project demonstrates effective application of simulation-driven design and engineering analysis, delivering a technically viable and scalable solution for large-scale production, with clear opportunities for further refinement in cooling efficiency and stress reduction.
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	Author
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Study Setup
	Target body

	Name
	Body1



	Materials

	Family name
	BLENDS (PC+PBT, PC+ABS, ...)

	Trade name
	Generic PC+ABS

	Manufacturer
	Generic Shrinkage Characterised Material

	Material structure
	Amorphous

	Environmental properties
	 



	Injection locations

	Number
	2



	Aesthetic faces

	Number
	0



	Process settings

	Injection time
	Automatic

	Melt temperature
	260.00 C

	Mold surface temperature
	70.00 C


Molding Process
	Geometry
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	Machine setup
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	Material trade name
	Generic PC+ABS

	Melt temperature
	260.00 C

	Mold surface temperature
	70.00 C

	Injection time
	Automatic



	Filling

	Time to fill
	1.80 s

	Pressure at switch over
	62.103 MPa

	Velocity/pressure switch-over at %
	99.239 %

	Velocity/pressure switch-over at time
	1.78 s



	Packing & Cooling

	Packing time
	5.13 s

	Max packing pressure
	70.272 MPa

	Total part weight
	0.03 kg

	Cooling time
	10.94 s



	Final part shape

	Recommended mold shrinkage allowance
	0.587 %

	Total out-of-plane deflection
	0.198 mm


Guided Results
	Fill

	[image: A green cell phone case on a grid

AI-generated content may be incorrect.]

	With these study settings, your part will fill completely with a Time to fill of 1.80 s



	Visual defects
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	7 faces on your model will have sink marks and 22 faces will have weld lines.

	Advice
	To reduce the appearance of sink marks:
· Reduce the thickness, or the radius, on the backside of features - Edit model
· Move injection locations to thicker sections of the model - Edit injection location
· View an alternate surface finish - Surface finish

To alter the appearance of weld lines:
· Move the injection location - Edit injection location
· Modify the local thickness of the model - Edit model
· Reduce the number of injection locations - Edit injection location



	Warpage
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	The maximum deflection from the center of your part is 0.525 mm. 
The warpage exceeds the tolerance of 0.434 mm that you have set.

	Advice
	To reduce warpage:
· Place injection locations to create a balanced fill pattern - Edit injection location
· Make wall thicknesses more uniform - Edit model
· Increase or decrease the melt temperature - Edit process settings
· Increase or decrease the injection time - Edit process settings
· Increase the wall thickness of the part - Edit model


Results
	Fill animation
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	Fill confidence
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	Quality prediction
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	Injection pressure
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	Flow-front temperature
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	Avg. temperature (end of fill)
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	Time to ejection temperature
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	Volumetric shrinkage (ejection)
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	Solidified plastic (end of fill)

	[image: A blue cell phone on a grid

AI-generated content may be incorrect.]



	Solidified plastic (ejection)

	[image: A red cell phone on a white surface

AI-generated content may be incorrect.]



	Air traps

	[image: A cell phone on a white surface

AI-generated content may be incorrect.]



	Weld lines
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	Filled from injection location
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	Sink mark depth - Threshold
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	Sink mark depth - Estimate
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	Sink mark depth - Visualization
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	Deflection (all effects)
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	Warpage tolerance
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	Name
	Body1



	Materials

	Family name
	BLENDS (PC+PBT, PC+ABS, ...)

	Trade name
	Generic PC+ABS

	Manufacturer
	Generic Shrinkage Characterised Material

	Material structure
	Amorphous

	Environmental properties
	 



	Injection locations

	Number
	3



	Aesthetic faces

	Number
	0



	Process settings

	Injection time
	Automatic

	Melt temperature
	240.00 C

	Mold surface temperature
	60.00 C


Molding Process
	Geometry
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	Machine setup
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	Material trade name
	Generic PC+ABS

	Melt temperature
	240.00 C

	Mold surface temperature
	60.00 C

	Injection time
	Automatic



	Filling

	Time to fill
	1.15 s

	Pressure at switch over
	48.55 MPa

	Velocity/pressure switch-over at %
	99.602 %

	Velocity/pressure switch-over at time
	1.14 s



	Packing & Cooling

	Packing time
	3.97 s

	Max packing pressure
	60.776 MPa

	Total part weight
	0.03 kg

	Cooling time
	10.21 s



	Final part shape

	Recommended mold shrinkage allowance
	0.571 %

	Total out-of-plane deflection
	0.039 mm


Guided Results
	Fill
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	With these study settings, your part may be difficult to fill with a Time to fill of 1.15 s, or may have quality problems.

	Advice
	To increase the temperature at the flow front:
· Decrease the injection time - Edit process settings
· Move injection locations away from thin sections of the model - Edit injection location
· Increase the thickness of thin model sections - Edit model



	Visual defects
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	5 faces on your model will have sink marks and 18 faces will have weld lines.

	Advice
	To reduce the appearance of sink marks:
· Reduce the thickness, or the radius, on the backside of features - Edit model
· Move injection locations to thicker sections of the model - Edit injection location
· View an alternate surface finish - Surface finish

To alter the appearance of weld lines:
· Move the injection location - Edit injection location
· Modify the local thickness of the model - Edit model
· Reduce the number of injection locations - Edit injection location



	Warpage
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	The maximum deflection from the center of your part is 0.50 mm. 
The warpage exceeds the tolerance of 0.411 mm that you have set.

	Advice
	To reduce warpage:
· Place injection locations to create a balanced fill pattern - Edit injection location
· Make wall thicknesses more uniform - Edit model
· Increase or decrease the melt temperature - Edit process settings
· Increase or decrease the injection time - Edit process settings
· Increase the wall thickness of the part - Edit model


Results
	Fill animation

	[image: A rainbow colored cell phone case

AI-generated content may be incorrect.]



	Fill confidence
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	Quality prediction
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	Injection pressure
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	Flow-front temperature
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	Avg. temperature (end of fill)
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	Time to ejection temperature
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	Volumetric shrinkage (ejection)
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	Solidified plastic (end of fill)
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	Solidified plastic (ejection)
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	Air traps
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	Weld lines
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	Filled from injection location
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	Sink mark depth - Threshold
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	Sink mark depth - Estimate
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	Sink mark depth - Visualization
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	Deflection (all effects)
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	Warpage tolerance
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	Name
	Body1



	Materials

	Family name
	BLENDS (PC+PBT, PC+ABS, ...)

	Trade name
	Generic PC+ABS

	Manufacturer
	Generic Shrinkage Characterised Material

	Material structure
	Amorphous

	Environmental properties
	 



	Injection locations

	Number
	3



	Aesthetic faces

	Number
	0



	Process settings

	Injection time
	Automatic

	Melt temperature
	240.00 C

	Mold surface temperature
	40.00 C


Molding Process
	Geometry
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	Machine setup
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	Material trade name
	Generic PC+ABS

	Melt temperature
	240.00 C

	Mold surface temperature
	40.00 C

	Injection time
	Automatic



	Filling

	Time to fill
	1.05 s

	Pressure at switch over
	51.129 MPa

	Velocity/pressure switch-over at %
	99.606 %

	Velocity/pressure switch-over at time
	1.04 s



	Packing & Cooling

	Packing time
	3.59 s

	Max packing pressure
	62.594 MPa

	Total part weight
	0.03 kg

	Cooling time
	7.40 s



	Final part shape

	Recommended mold shrinkage allowance
	0.559 %

	Total out-of-plane deflection
	0.052 mm


Guided Results
	Fill
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	With these study settings, your part may be difficult to fill with a Time to fill of 1.05 s, or may have quality problems.

	Advice
	To increase the temperature at the flow front:
· Decrease the injection time - Edit process settings
· Move injection locations away from thin sections of the model - Edit injection location
· Increase the thickness of thin model sections - Edit model



	Visual defects
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	3 faces on your model will have sink marks and 19 faces will have weld lines.

	Advice
	To reduce the appearance of sink marks:
· Reduce the thickness, or the radius, on the backside of features - Edit model
· Move injection locations to thicker sections of the model - Edit injection location
· View an alternate surface finish - Surface finish

To alter the appearance of weld lines:
· Move the injection location - Edit injection location
· Modify the local thickness of the model - Edit model
· Reduce the number of injection locations - Edit injection location



	Warpage
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	The maximum deflection from the center of your part is 0.49 mm. 
The warpage exceeds the tolerance of 0.403 mm that you have set.

	Advice
	To reduce warpage:
· Place injection locations to create a balanced fill pattern - Edit injection location
· Make wall thicknesses more uniform - Edit model
· Increase or decrease the melt temperature - Edit process settings
· Increase or decrease the injection time - Edit process settings
· Increase the wall thickness of the part - Edit model


Results
	Fill animation
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	Fill confidence
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	Quality prediction
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	Injection pressure
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	Flow-front temperature
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	Avg. temperature (end of fill)
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	Time to ejection temperature
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	Volumetric shrinkage (ejection)
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	Solidified plastic (end of fill)
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	Solidified plastic (ejection)
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	Air traps
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	Weld lines
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	Filled from injection location
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	Sink mark depth - Threshold
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	Sink mark depth - Estimate
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	Sink mark depth - Visualization
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	Deflection (all effects)
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	Warpage tolerance
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	Study Properties
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	Static Stress
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Study Setup
	Settings

	General

		
	




	Mesh

		
		Average Element Size (% of model size) - Solids
	10

	Scale Mesh Size Per Part
	No

	Average Element Size (absolute value)
	-

	Element Order
	Parabolic

	Create Curved Mesh Elements
	Yes

	Max. Turn Angle on Curves (Deg.)
	60

	Max. Adjacent Mesh Size Ratio
	1.5

	Max. Aspect Ratio
	10

	Minimum Element Size (% of average size)
	20







	Adaptive Mesh Refinement

		
		Number of Refinement Steps
	0

	Results Convergence Tolerance (%)
	20

	Portion of Elements to Refine (%)
	10

	Results for Baseline Accuracy
	von Mises Stress









	Contact Tolerance
	0.10 mm

	Remove Rigid Body Modes
	No


	Materials

	PC/ABS Plastic

	Components

		
		Component
	Strength

	Body1
	Yield Strength







	Properties

		
		Density
	1.100E-06 kg / mm^3

	Young's Modulus
	2780.00 MPa

	Poisson's Ratio
	0.40

	Yield Strength
	54.40 MPa

	Ultimate Tensile Strength
	54.40 MPa

	Thermal Conductivity
	2.400E-04 W / (mm C)

	Thermal Expansion Coefficient
	6.700E-05 / C

	Specific Heat
	2133.00 J / (kg C)









	Contacts

	Contact Type
	Contact Set
	Penetration Type
	Bodies
	Entities



	Mesh

	Type
	Solids

	Nodes
	41587

	Elements
	23208


Load Case1
	Constraints

	Fixed1
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	Type
	Fixed

	Ux
	Fixed

	Uy
	Fixed

	Uz
	Fixed



	Loads

	Force1
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	Type
	Force

	X Value
	15.00 N

	Y Value
	15.00 N

	Z Value
	0.00 N

	Force Per Entity
	No


Load Case1 - Guided Results
	Safety Factor
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	With the analysis criteria in this study setup, the design is expected to bend permanently or break.

		Next Steps
		Below Safety Factor Target

	Validate your study setup
· Check the loads are not set too high
· Check the mesh refinement and consider increasing it in areas of high stress
· Confirm your Safety Factor requirement
· If the Displacement result shows high displacement, consider running a Nonlinear study to gain more insight

	Check other results
· Examine the Below target Result visualization to see where the weakest areas are
· Check the stress result to see if, and where, the material might yield
· Check the displacement result to see how far from its original alignment the model has moved
· Look at other results, such as reaction forces to check your study set up, or strain to check your material performance

	Strengthen weak areas
· Add more material to weak areas
· Select a material with a higher yield strength
· Stiffen the design
· Modify the shape with a Generative Design study

	Generate alternative designs
· Add more material to weak areas
· Select a material with a higher yield strength
· Stiffen the design
· Modify the shape with a Generative Design study

	Above Safety Factor Limit

	Validate your study setup
· Check the loads are not set too high
· Check the mesh refinement and consider increasing it in areas of high stress
· Confirm your Safety Factor requirement
· If the Displacement result shows high displacement, consider running a Nonlinear study to gain more insight

	Check other results
· Examine the Below target Result visualization to see where the weakest areas are
· Check the stress result to see if, and where, the material might yield
· Check the displacement result to see how far from its original alignment the model has moved
· Look at other results, such as reaction forces to check your study set up, or strain to check your material performance

	Lightweight the design
· Set a Safety Factor upper limit to find where material can be removed
· Remove material from areas that exceed the Safety Factor upper limit

	Generate alternative designs
· In the Generative Design workspace, create design modifications
· Remove unnecessary material using a Shape Optimization study








Load Case1 - Results
	Result Summary

	Result type
	Sub-result
	Minimum
	Maximum

		Safety Factor
	122.219
	1.278E+11


Safety Factor

		
	




	Stress

			Von Mises
	4.257E-10 MPa
	0.445 MPa

	1st Principal
	−0.114 MPa
	0.443 MPa

	3rd Principal
	−0.235 MPa
	0.074 MPa

	Normal XX
	−0.209 MPa
	0.233 MPa

	Normal YY
	−0.14 MPa
	0.314 MPa

	Normal ZZ
	−0.14 MPa
	0.174 MPa

	Shear XY
	−0.084 MPa
	0.192 MPa

	Shear YZ
	−0.166 MPa
	0.032 MPa

	Shear XZ
	−0.18 MPa
	0.062 MPa



	




	Displacement

			Total
	0 mm
	1.225E-04 mm

	X
	−2.16E-05 mm
	7.157E-05 mm

	Y
	−3.852E-07 mm
	1.035E-04 mm

	Z
	−3.051E-05 mm
	3.648E-05 mm



	




		Total
	0 N
	0.12 N

	X
	−0.117 N
	0.038 N

	Y
	−0.071 N
	0.025 N

	Z
	−0.074 N
	0.107 N


Reaction Force

		
	




	Strain

			Equivalent
	2.193E-13
	2.903E-04

	1st Principal
	1.768E-14
	2.62E-04

	3rd Principal
	−2.401E-04
	1.045E-08

	Normal XX
	−5.525E-05
	4.779E-05

	Normal YY
	−2.896E-05
	7.329E-05

	Normal ZZ
	−3.207E-05
	2.366E-05

	Shear XY
	−8.433E-05
	1.934E-04

	Shear YZ
	−1.676E-04
	3.236E-05

	Shear XZ
	−1.81E-04
	6.233E-05



	




	Contact Force

		
		Total
	0 N
	0 N

	X
	0 N
	0 N

	Y
	0 N
	0 N

	Z
	0 N
	0 N









	Safety Factor

	Safety Factor
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	Stress

	Von Mises
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	1st Principal
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	Displacement

	Total
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	Study Properties

	Study Type
	Thermal Stress
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	General

		
	




	Mesh

		
		Average Element Size (% of model size) - Solids
	10
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	Element Order
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	Properties
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	Fixed
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	Type
	Applied Temperature

	Value
	240.00 C

	Applied Temperature2
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	Type
	Applied Temperature

	Value
	40.00 C



	Result Summary

	Result type
	Sub-result
	Minimum
	Maximum

	Safety Factor

			Safety Factor
	0.645
	12.659



	




	Stress

			Von Mises
	4.298 MPa
	84.327 MPa

	1st Principal
	−53.361 MPa
	208.933 MPa

	3rd Principal
	−113.634 MPa
	131.024 MPa

	Normal XX
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	202.391 MPa

	Normal YY
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	Normal ZZ
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	1st Principal
	0.002
	0.047

	3rd Principal
	−0.041
	0.009

	Normal XX
	−0.013
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	Normal YY
	−0.014
	0.035

	Normal ZZ
	−0.011
	0.031

	Shear XY
	−0.036
	0.035

	Shear YZ
	−0.031
	0.024

	Shear XZ
	−0.028
	0.027



	




	Contact Force

			Total
	0 N
	0 N

	X
	0 N
	0 N

	Y
	0 N
	0 N

	Z
	0 N
	0 N



	




	Temperature

			Temperature
	40.00°C
	271.151°C



	




		Total
	7.186E-06 W/mm²
	0.042 W/mm²

	X
	−0.027 W/mm²
	0.039 W/mm²

	Y
	−0.023 W/mm²
	0.034 W/mm²

	Z
	−0.024 W/mm²
	0.028 W/mm²


Heat Flux


		
	




	Thermal Gradient

			Total
	0.03 °C/mm
	176.449 °C/mm

	X
	−163.348 °C/mm
	112.483 °C/mm

	Y
	−140.399 °C/mm
	94.628 °C/mm

	Z
	−115.503 °C/mm
	101.054 °C/mm



	





	Total
	0 N
	222.931 N

	X
	−158.877 N
	142.414 N

	Y
	−92.793 N
	155.62 N

	Z
	−155.899 N
	197.202 N



	Safety Factor

	Safety Factor

	[image: $$ImageCompatibilityInfo$]



	Stress

	Von Mises

	[image: $$ImageCompatibilityInfo$]

	1st Principal

	[image: $$ImageCompatibilityInfo$]



	Displacement

	Total

	[image: $$ImageCompatibilityInfo$]



[bookmark: _Toc231678928]Non-Linear static stress
[image: ]
	Analyzed File
	Phone case v14

	Version
	Autodesk Fusion (2703.1.11)

	Creation Date
	2026-06-04, 16:21:35

	Author
	Kelly Jenkins_2510063


 Report Properties
	Title
	Studies

	Author
	2510063


[image: ]  Simulation Model 1
[image: ]  Study 6 - Nonlinear Static Stress
[image: ]  Study Properties
	Study Type
	Nonlinear Static Stress

	Last Modification Date
	2026-06-04, 16:17:07


[image: ]  Settings
[image: ]  General
	Contact Tolerance
	0.10 mm

	Remove Rigid Body Modes
	No


[image: ]  Mesh
	Average Element Size (% of model size)

	  Solids
	10

	Scale Mesh Size Per Part
	No

	  Average Element Size (absolute value)
	-

	Element Order
	Parabolic

	Create Curved Mesh Elements
	Yes

	Max. Turn Angle on Curves (Deg.)
	60

	Max. Adjacent Mesh Size Ratio
	1.5

	Max. Aspect Ratio
	10

	Minimum Element Size (% of average size)
	20


[image: ]  Adaptive Mesh Refinement
	Number of Refinement Steps
	0

	Results Convergence Tolerance (%)
	20


[image: ]  Materials
	Component
	Material
	Safety Factor

	Body1
	PC/ABS Plastic
	Yield Strength


[image: ]  PC/ABS Plastic
	Density
	1.100E-06 kg / mm^3

	Young's Modulus
	2780.00 MPa

	Poisson's Ratio
	0.40

	Yield Strength
	54.40 MPa

	Ultimate Tensile Strength
	54.40 MPa

	Thermal Conductivity
	2.400E-04 W / (mm C)

	Thermal Expansion Coefficient
	6.700E-05 / C

	Specific Heat
	2133.00 J / (kg C)


[image: ]  Contacts
[image: ]  Mesh
	Type
	Nodes
	Elements

	Solids
	41587
	23208


[image: ]  Load Case1
[image: ]  Constraints
[image: ]  Fixed1
	Type
	Fixed

	Ux
	Fixed

	Uy
	Fixed

	Uz
	Fixed


[image: ]  Selected Entities
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  Loads
[image: ]  Force1
	Type
	Force

	Magnitude
	50.00 N

	X Value
	-19.134 N

	Y Value
	-46.194 N

	Z Value
	0.00 N

	Force Per Entity
	No


[image: ]  Selected Entities
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  Results
[image: ]  Safety Factor
[image: ]  Safety Factor (Per Body)
[image: ]  Step 10
0.00 [image: ] 8.00
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  Stress
[image: ]  von Mises
[image: ]  Step 10
[MPa] 0.00 [image: ] 0.393
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  1st Principal
[image: ]  Step 10
[MPa] -0.192 [image: ] 0.28
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  3rd Principal
[image: ]  Step 10
[MPa] -0.505 [image: ] 0.132
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]
[image: ]  Displacement
[image: ]  Total
[image: ]  Step 10
[mm] 0.00E-04 [image: ] 1.404E-04
[image: For correct interpretation of this image use e.g. IE9, Chrome, Safari, Firefox]

[bookmark: _Toc231678929]References
admin (2024). China Injection molding Cost, completely guide in 2025. [online] Plastic Injection Molding Service. Available at: https://plas.co/china-injection-molding-cost/ [Accessed 27 May 2026].
ANSYS (2025a). ANSYS Mechanical / Granta Selector. [online] www.ansys.com. Available at: https://www.ansys.com.
ANSYS (2025b). What is Finite Element Analysis (FEA)? | Ansys. [online] www.ansys.com. Available at: https://www.ansys.com/simulation-topics/what-is-finite-element-analysis.
ASQ (2019). What Is FMEA? Failure Mode & Effects Analysis. [online] Asq.org. Available at: https://asq.org/quality-resources/fmea [Accessed 15 Apr. 2026].
AutoDesk (2024). Autodesk | 3D Design, Engineering & Construction Software. [online] www.autodesk.com. Available at: https://www.autodesk.com.
Chu, W.-S., Kim, M.-S., Jang, K.-H., Song, J.-H., Rodrigue, H., Chun, D.-M., Cho, Y.T., Ko, S.H., Cho, K.-J., Cha, S.W., Min, S., Jeong, S.H., Jeong, H., Lee, C.-M., Chu, C.N. and Ahn, S.-H. (2016). From design for manufacturing (DFM) to manufacturing for design (MFD) via hybrid manufacturing and smart factory: A review and perspective of paradigm shift. International Journal of Precision Engineering and Manufacturing-Green Technology, 3(2), pp.209–222. doi:https://doi.org/10.1007/s40684-016-0028-0.
Conrad, R. (2023). What is injection molding? - Kuraray Elastomer. [online] www.elastomer.kuraray.com. Available at: https://www.elastomer.kuraray.com/blog/injection-molding/.
EnerTherm-Engineering (2024). Design Of Experiments - Improve Quality & Process Control. [online] EnerTherm Engineering. Available at: https://enertherm-engineering.com/design-of-experiments-doe/ [Accessed 15 Apr. 2026].
Erye Rubber and Plastic Product Co.Ltd (2025). Plastic Warpage: Solution for Injection Molding Warpage - Erye Molding. [online] Erye Plastic and Rubber Products. Available at: https://www.eycpu.com/blog/plastic-warpage/.
Everich (2020). Do You Know Plastic Recycling Symbols Mean - Everich Drinkware. [online] Available at: https://www.everich.com/do-you-know-plastic-recycling-symbols-mean/.
Hall, M. (2023). Recycling Code 7. [online] Business Waste. Available at: https://www.businesswaste.co.uk/news/recycling-code-7/.
Hasan, M. (2025). How Much Does a Phone Case Weigh? Exploring the Weight of Every Type of Phone Case. [online] Lifeproof Waterproof Coral Case. Available at: https://coralcase.com.au/how-much-does-a-phone-case-weigh/?srsltid=AfmBOopjx-ERZswFUtmK3ZH97b7vw9mPDY6uanOmx__CFE5yCRvlupSV [Accessed 23 Apr. 2026].
Hu, P. (2025). Injection Molding Costs: Asia vs. Europe Explained - Aaamould. [online] Aaamould.com. Available at: https://www.aaamould.com/news/injection-molding-costs-asia-vs-europe-explained.html.
IfM (2016). Quality Function Deployment - QFD. [online] Cam.ac.uk. Available at: https://www.ifm.eng.cam.ac.uk/research/dmg/tools-and-techniques/quality-function-deployment-qfd/ [Accessed 15 Apr. 2026].
ITM-LAB Testing Machine 1998 (2025). RS-DP-12A Precision Drop Tester for Phones & Tablets. [online] Linkedin.com. Available at: https://www.linkedin.com/pulse/iec-60068-2-32-standard-definitive-guide-fmw0c [Accessed 23 Apr. 2026].
Juracka, D., Bujdos, D. and Lehner, P. (2025). Numerical and experimental analysis of mechanical and fatigue properties of special shaped 3D printed sample. [online] Research Gate. Available at: https://www.researchgate.net/figure/S-N-curve-for-polycarbonate_fig1_395707039 [Accessed 27 May 2026].
Kehui Mold Co.,Limited (2025). Plastic Injection Molding Tolerance Standards - Kehui Mold Co., Limited. [online] kehuimold. Available at: https://kehuimold.com/plastic-injection-molding-tolerance-standards/ [Accessed 23 Apr. 2026].
Li, J. (2024). Which Country Provides Cheap Injection Mold-Making Services? [online] First Mold. Available at: https://firstmold.com/insights/cheap-injection-mold-making/.
Molcho, G., Cristal, A. and Shpitalni, M. (2014). Part cost estimation at early design phase. CIRP Annals, 63(1), pp.153–156. doi:https://doi.org/10.1016/j.cirp.2014.03.107.
Mulan (2026). Comparing Plastic Injection Moulding Services: China Vs. Other Countries. [online] China-plasticparts.com. Available at: https://www.china-plasticparts.com/a-comparing-plastic-injection-moulding-services-china-vs-other-countries.html [Accessed 27 May 2026].
ProtoLabs (2023). A Beginner’s Guide to Injection Moulding. [online] Protolabs.com. Available at: https://www.protolabs.com/en-gb/resources/guides-and-trend-reports/a-beginner-s-guide-to-injection-moulding/ [Accessed 15 Apr. 2026].
Reshoring Institute (2022). Global Labor Rate Comparisons. [online] Available at: https://reshoringinstitute.org/wp-content/uploads/2022/09/GlobalLaborRateComparisons.pdf.
Schmidt, J. (2023). Break Even Analysis. [online] Corporate Finance Institute. Available at: https://corporatefinanceinstitute.com/resources/accounting/break-even-analysis/.
Thom, M. (2025). Cost Modeling and Cost Models in Project Estimation. [online] Galorath. Available at: https://galorath.com/cost/modeling/.
University of Cambridge (2016). Kano model. [online] www.ifm.eng.cam.ac.uk. Available at: https://www.ifm.eng.cam.ac.uk/research/dmg/tools-and-techniques/kano-model/.
Vassallo, C., Rochman, A. and Refalo, P. (2020). The impact of polymer selection and recycling on the sustainability of injection moulded parts. Procedia CIRP, [online] 90, pp.504–509. doi:https://doi.org/10.1016/j.procir.2020.01.118.
Willson, D. and Willson, D. (2025). Design for Manufacturing and Assembly (DFMA): Principles, Best Practices, and Real-World Examples - Fictiv. [online] Fictiv. Available at: https://www.fictiv.com/articles/dfma-design-for-assembly-and-manufacturing [Accessed 15 Apr. 2026].



image85.png
\
\
\ _,}
\
\ .

\ Sink mark depth (mm)

Threshold





image86.png
N Y
\
\
\
\
\ X
\
\
\
A\
\ Sink mark depth (mm)
hY Estimate
\
fa





image87.png
Sink mark depth

Visualization  ~





image88.png
X

Deflection (all effects)
(mm)

Max

0436

0344

0253

0163

Min





image89.png




image90.png
Fill animation

Plastic flow





image91.png
Fill confidence.

Easy to il (99.937%)





image92.png
Sink mark depth (mm)

simulation view ~

001 Max

) Min




image93.png




image94.png
Fill animation (5)

Fill time

Max

069

046

o™ e





image1.jpeg
Prifysgol Cymru
% Y Drindod Dewi Sant

“" University of Wales
Trinity Saint David

%




image95.png
Quality prediction

High (84.06%)





image96.png
Injection pressure (MPa)





image97.png
Flow-front temperature
0





image98.png
Avg. temperature.
(end of il (°C)





image99.png
Time to efection
temperature (s)

B





image100.png
Volumetric shrinkage
(ejection) (%)

Lo o

279%

Min





image101.png
Solidified plastic
(end of fll (%)

o

L





image102.png
Solidified plastic
(efection) (%)





image103.png




image104.png




image105.png
Filled from injection
location.





image106.png




image107.png




image108.png




image109.png




image110.png
Fill confidence.

Easy to il (99.969%)




image111.png




image112.png




image113.png
Fill animation (5)

Fill time

Max

063

042

021

o™ e





image114.png
Quality prediction

High (85.352%)





image115.png
Injection pressure (MPa)





image116.png
Flow-front temperature
)





image117.png
Avg. temperature.
(end of il (°C)





image118.png
Time to efection
temperature (s)

B





image119.png
Volumetric shrinkage
(ejection) (%)

Lo o

Min





image120.png
Solidified plastic
(end of fll (%)

o

L





image121.png




image122.png




image123.png
Filled from injection
location.





image124.png




image125.png




image126.png




image127.png




image128.png




image129.png




image130.png
Safety Factor





image131.png
4257610 | N i




image132.png




image133.png
Displacement (mm)

12256-04 Max

9.798E-05

4.899E-05

2.449E-05

Min





image134.png




image135.png




image136.png




image137.png




image138.png
. Y

\\
.
\\\ /}
X

Safety Factor o

8.00

Above Target

<[ 400

\\ Below Target

< ][ 200





image139.png
Von Mises Stress (MPa)

84.327

68.321

52315

36.309

4.298

Max

Min




image140.png
15t Principal Stress (MPa)

104,015

51556

-0902

Min

-53361





image141.png
Displacement (mm)

0.053

0.035

0.018

0 Min





image142.gif




image143.png




image144.png




image145.png




image146.png




image147.png




image148.png




image149.png




image150.png




image151.png




image2.png
Ejector @ @ Crosshead

mechan
echanism @ Nozzle

CH

Hopper
feeder

Heator bands

Hydraulic
screw drive
and gearing

l Injection

lscrew l Barrel

[<—Motd —

‘47 Clamping unit (Toggle type)

Injection unit

An injection molding machine with its 3 main parts: Injection unit, mold and

clamping unit.





image3.emf
Component Description

Cost Drivers

Factors directly influencing costs (e.g., labor, material usage).

Cost Elements

Distinct cost categories (e.g., direct labor, indirect overhead).

Input Parameters

Data inputs like quantities, time, or pricing metrics.

Calculation Logic

Formulas and algorithms linking inputs to cost outputs.

Auxiliary Factors

Scenario-based adjustments (e.g., quality, risk, environmental 

conditions).


image4.emf
Customer Need Engineering Metric

Lightweight Wall thickness (mm)

Robustness Impact strength (kJ/m²)

Aesthetic quality Ra surface roughness

Low defects Cooling uniformity

Sustainability

Recycled polymer 

content


image5.emf
Key performance attributes for the mobile phone housing.

Lightweight (<30 g) (Hasan, 2025)

High impact resistance (drop

‑

test compliant) (ITM-LAB Testing Machine 1998, 2025)

Dimensional accuracy (±0.1 mm) (Kehui Mold Co.,Limited, 2025)

Minimal warpage (<0.5 mm) (Erye Rubber and Plastic Product Co.Ltd, 2025)

High aesthetic surface quality

Recyclable and sustainable materials


image6.png
%
K
S5
GO0
SR
SO0
ARTRLLER
SRRINKLILKE,
SRRSRKEKEN,
BERBEESERKRD





image7.emf
Item: FMEA number:

Model: Page :

Core Team: FMEA Date (Orig): 20/05/2026

Actions Taken

S

e

v

O

c

c

D

e

t

R

P

N

Injection 

moulding – 

filling & cooling

Warpage

Poor fit, assembly 

failure, rejected 

parts

9 Critical

Non-uniform 

cooling, 

uneven wall 

thickness

7

Basic cooling 

design, standard 

mould layout

5 315

Introduce conformal 

cooling, uniform 

wall thickness, 

optimise gate 

location

Design Engineer - 

Week 6

Conformal cooling 

added, thickness 

uniformity 

improved

9 3 3 81

Moulding – 

packing stage

Sink Marks

Surface defects, 

reduced aesthetics

7 Major

Thick sections 

near bosses, 

poor packing 

pressure

6

Standard packing 

pressure settings

6 252

Core out bosses, 

improve packing 

pressure control

Process Engineer- 

Week 5

Bosses 

redesigned, 

packing optimised

7 3 3 63

Mould filling Air traps/ Voids

Weak structure, part 

failure

8 Critical

Poor venting, 

complex 

geometry

5 Basic venting 6 240

Improve vent 

design, optimise 

flow path

Tooling Engineer- 

Week 6

Additional vents 

added, flow 

optimised

8 3 3 72

Mould filling Weld lines

Weak zones, visible 

defects

7 Major

Flow fronts 

meeting at low 

temp

6 Standard gating 5 210

Optimise gate 

location and melt 

temperature

Process Engineer- 

Week 5

Dual gate 

implemented, 

temp adjusted

7 3 3 63

Injection 

process

Short shots

Incomplete 

component

9 Critical

Insufficient 

pressure or 

flow restriction

3

Pressure 

monitoring

3 81

Increase injection 

pressure, improve 

runner design

Process Engineer- 

Week 4

Runner balanced, 

pressure 

increased

9 2 2 36

Mould clampingFlash formation

Excess material, 

poor surface finish

6 Minor

Excess 

pressure, tool 

wear

5

Routine 

maintenance

4 120

Improve clamping 

force, regular tool 

inspection

Maintenance Team 

– Ongoing

Maintenance 

schedule 

improved

6 3 3 54

Assembly 

Snap-fit failure 

(cracking)

Assembly failure, 

product unusable

9 Critical

Stress 

concentration, 

poor geometry

5 Basic design rules 6 270

Add fillets, validate 

using FEA

Design Engineer- 

Week 7

Snap-fit 

redesigned, FEA 

to validate

9 3 3 81

Surface 

finishing

Poor surface 

finish

Cosmetic rejection 6 Major

Poor 

temperature 

control, gate 

5 Visual inspection 5 150

Optimise mould 

temperature and 

gate type

Process Engineer- 

Week 4

temperature 

optimised, 

alternative gate 

6 3 3 54

Dimensional 

control

Dimensional 

inaccuracy

Poor assembly fit 8 Critical

Shrinkage 

variation, 

uneven 

cooling

5

Dimensional 

inspections

5 200

Apply shrinkage 

compensation, 

improve cooling

Design Engineer- 

Week 6

CAD updated, 

cooling improved

8 3 3 72

Material 

selection

Degradation of 

recycled 

material

Reduced strength, 

brittleness

8 Major

Excess 

recycled 

content

4

Supplier QC 

checks

6 192

Limit recycled 

content ≤30%, test 

batches

Materials Engineer- 

Week 3

Material spec 

updated, QC 

improved

8 2 3 48

Cooling process

Excess cycle 

times

High cost, low 

productivity

6 Major

Inefficient 

cooling 

channels

6

Standard cooling 

channels

4 144

Introduce conformal 

cooling design

Tooling Engineer- 

Week 6

Cooling optimised 6 3 2 36

Ejection stage

Ejection 

damage 

Surface damage, 

deformation

7 Major

Poor ejector 

placement

4 Visual inspection 5 140

Optimise ejector 

layout, increase 

draft angles

Design Engineer- 

Week 5

Ejection improved 7 2 3 42

FAILURE MODE AND EFFECTS ANALYSIS

Recommended 

Action(s)

Responsibility and 

Target Completion 

Date

R

P

N

Process 

Function

Responsibility:

Prepared by:

Kelly Jenkins

Kelly Jenkins

Action Results

1

1

Rev: 1

Potential Failure 

Mode

Potential Effect(s) 

of Failure

D

e

t

e

c

Design Engineer, Process Engineer, Tooling Engineer, Materials Engineer, Maintenance Team

Phone Case

1

S

e

v

C

l

a

s

s

Potential 

Cause(s)/ 

Mechanism(s

) of Failure

O

c

c

u

r

Current 

Process 

Controls
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Input parameters for material selection

Density.
Young's modulus
Tensile strength
Elongation
Rockwell Hardness
Polymer Injection molding
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45-65MPa
Min 50% strain
110-120R
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Mass Calculation.

Mass= Density x Volume

Mass = (PC-ABS density) 1.15g/cm?* x (CAD model volume) 24.8cm?
Mass= 1.15 x 24.8 = 28.5g

This confirms that the design satisfies the lightweight requirement, supporting
ergonomic handling and reducing material cost. It also validates the suitability of
PC-ABS as a material providing a balance between strength and reduced mass.
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Shrinkage Calculation.

Shrinkage= Mould dimension — Final part dimension / Mould dimension
Mould dimension= 150mm

Final dimension= 148.2mm

Shrinkage= 150- 148.2/150= 0.012mm

Convert to %=1.2%

This aligns with the simulation range (1.2-1.5%), confirming acceptable dimensional
stability and supporting effective warpage control.
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Injection Pressure Calculation.

P=F/A
Force (F) = 4000

Flow area (A)= 20mm?= 20x10 ®m?

P= 4000/ 20x10 ®m?= 200x10¢ Pa = 200MPa

This pressure ensures efficient melt flow through the gate and complete cavity filling,
minimising the risk of short shots.
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Clamping Force Calculation.

Fc=Ap x Pc

Projected Area (Ap) = 0.01m2
Cavity Pressure (Pc) = 50MPa
Fc=0.01m2 x 50x10 ®Pa= 500,000N
Conversion= 500kN

This confirms adequate clamping force to prevent flashing, which is critical for
maintaining part quality and surface finish.
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Cooling Time Calculation.

h? T — T
teool = a In ﬁ

h=0.0021m (wall thickness)
a=1.2x10 'm%s

Tm= 240°C

Te= 40°C

Tp= 100°C

Gool= 38s

This matches simulation results and highlights that cooling dominates the cycle time,
making it a critical QFD driver influencing cost and productivity.
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Cycle time calculation.
Cycle time= ffill+tcool+teject
Fill time= 2s

Cooling time= 38s

Ejection time=4s

Cycle time= 2+ 38+ 4 = 44s

This demonstrates that cooling accounts for over 85% of the cycle time, directly
impacting cost per unit and production efficiency.
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Snap fit stress calculation.

_ 6FL

(2 5
bt?

F=50N
L=10mm
b=5mm
t=2mm

0=150MPa

This exceeds the typical yield strength of PC-ABS (=~ 60-70 MPa), indicating a high
stress concentration and highlighting the need for design optimisation (e.g.,
increased fillets or thickness adjustment).
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Heat transfer rate calculation.

Q = hA(Tpolymer — Teoolant)

h=500 W/m?K
A=0.015m?
Temperature difference = 200°C

Q=500%0.015%x200=1500W

This validates efficient heat removal and supports the use of enhanced cooling
strategies, such as conformal cooling, to reduce cycle time and warpage.
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Production time calculation.
Te=ToxTh#Tt

To (opening) = 3s

Th (holding) = 5s

Tt (transfer) = 2s

Tc= 3+5+2=10s
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Batch time processing.
Tb=TsU+QbTc

TsU (setup time) = 600 s
Qb (batch size) = 100
Tc (cycle time) =44 s

Tb=600+(100%44)=5000s
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Average Production Time.

Ty
T —_ —
Py

Tb=5000s
Qb= 100
Tp=5000/100= 50s per part.

This reflects realistic production output, accounting for setup losses, and provides a
basis for cost-per-unit calculation.
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Material Costings.

Material PC/ABS

UK resin cost  £3.20 – £4.20 per kg (mid-grade, 2025–2026 typical)

Part weight 28.5 g = 0.0285 kg

Scrap rate 5% (typical moulding loss + runners)

0.0285 kg × 1.05 = 0.030 kg

Material cost per part = 0.030 kg × £3.60/kg = £0.108 ≈ £0.11

Total material required = 328,000 × 0.030 kg = 9,840 kg = 9.84 tonnes/year

Total cost = 9,840 kg × £3.60 = £35,424 per year

 £3.60/kg (mid-case)
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Instrument Costings.

Injection Moulding Machine £120,000 – £180,000

A phone case requires a 150 to 200-tonne high-precision, electric 

or hybrid machine (e.g., from manufacturers like Arburg or Engel) 

to ensure precise dimensions and surface finishes.

Automation & Ancillary Equipment £50,000 – £80,000

Includes a robotic sprue-picker/parts remover, material hopper 

dryer (crucial for ABS-PC to prevent moisture blemishes), and a 

water chiller for mould cooling.

The Injection Mould Tool £70,000 – £110,000

A high-production, 4-cavity or 8-cavity hot runner mould crafted 

from premium hardened tool steel (such as H13 or 2344 steel). A 

hot runner system eliminates plastic waste from runners and 

speeds up cycle times.
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Life Expectancy of Asset Components

101 hardened steel moulds 1,000,000 to 3,000,000 parts

4-cavity mould 4,000,000 to 12,000,000 parts

The Injection Moulding Machine 15 to 20 years life expectancy 60,000 to 80,000 operational hours

The Mould (Tooling)
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Example of what annual production could look like.

Shift Structure: 24 hours a day, 5 to 7 days a week, operating on a 3-shift rotation.

Cycle Time: An ABS-PC phone case takes 15 to 20 seconds per injection cycle (clamping, injecting, cooling, 

and ejecting).

Hourly Output: With a 4-cavity mould running a 20-second cycle, the machine completes 180 shots per 

hour, yielding 720 phone cases per hour.

Annual Output: Operating 24/5 for 50 weeks a year equates to 6,000 hours of run time, producing 4.32 

million phone cases annually on a single machine line.
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CAPEX investment

Item Typical Cost (£)

Injection Moulding Machine 

(150–300T)

70,000 – 180,000

Automation & Ancillary 

(robot, drying, conveyors, 

chiller)

40,000 – 120,000

Injection Mould Tool 

(single/multi-cavity steel tool)

20,000 – 120,000

Total Initial Investment 130,000 – 420,000

Labour Costs (based on shift pattern)

Role Salary (£) Notes

Machine Operator (2-shift 

coverage)

24,000 × 3 = 72,000 24/5 coverage

Supervisor 35,000 Shared or dedicated

Process/Manufacturing 

Engineer

40,000 Part loaded across cell

Maintenance Technician 35,000 (allocated share ~10k) Shared resource

Total Direct + Allocated 

Labour

£157,000/year

20% for NI and pensions- 

£190,000/year

Facility and Overhead Costs

Type Annual (£)

Factory rent/lease (space 

allocation)

25,000

Utilities (electricity heavy 

process)

35,000

Insurance (liability, asset) 8,000

Maintenance (spares, 

service)

12,000

Admin / legal / compliance 10,000

IT / systems 5,000

Total Overhead £95,000/year

Engineering, R&D and sales costs

Function Annual (£)

R&D / product development 30,000

Sales & marketing 40,000

Quality / regulatory 15,000

Total £85,000/year

Fixed Cost Summary

Category Annual (£)

Labour 190,000

Overhead 95,000

Engineering / Sales 85,000

Depreciation 30,000

Total Fixed Costs

£400,000/year

Variable costs per unit

Element Cost Assumption

Raw material (polymer) £1.50 - £3.00/kg

Part weight  28.5g (0.0285kg)

Material per part (£0.043-0.086) 0.06 avg

Energy per part £0.04

Consumables / scrap £0.02

Variable cost per unit £0.12

Rounded up to £0.12 per part

Using a mid-point CAPEX of £250,000 to calculate break even point

Including a depreciation value of £30,000/year and assumption of 7-10 years for 

machines and automation and 3-5 years for tooling
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Production Capacity

Cycle time 44 seconds

Cavaties  1

Output/ hour 82 parts

1/44=0.023*3600

16 hour day operation 82*16= 1312 parts/day

250 days/year 1312*250=328,000 parts/ year

Full Cost Per Unit

Fixed cost per unit £400,000 / 328,000 = £1.22

Total cost per unit £1.22 (fixed) + £0.12 (variable) = £1.34 per unit

Pricing Model

Material Costings.

Material PC/ABS

UK resin cost  £3.20 – £4.20 per kg (mid-grade, 2025–2026 typical)

Part weight 28.5 g = 0.0285 kg

Scrap rate 5% (typical moulding loss + runners)

0.0285 kg × 1.05 = 0.030 kg

Material cost per part = 0.030 kg × £3.60/kg = £0.108 ≈ £0.11

Total material required = 328,000 × 0.030 kg = 9,840 kg = 9.84 tonnes/year

Total cost = 9,840 kg × £3.60 = £35,424 per year

Profit Calculations- inc materials

Revenue 328,000 × £1.85 = £606,800

Material £35,424

Fixed costs £400,000

Variable Costs 328,000 × £0.12 = £39,360

Total costs £474,784

Potential profit

 £3.60/kg (mid-case)

£606,800-£474,784= £132,016/ year

82 × 16 × 250 = 328,000 parts/year

Selling price could be £1.50-2.00 (Using mid point of £1.85)
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Average Salaries of Production Workers / Machine Operators (World)

Source year: 2022, Indeed.com; Glassdoor.com; Salaryexplorer.com; Salary.com; Payscale.com
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Cost & Operational 

Factor 

UK Manufacture Asia (China / SE Asia) Sourcing

Initial Multi-Cavity 

Mould Cost

£70,000 – £110,000

£35,000 – £55,000 (Up to 50% 

cheaper)

Asset Life Expectancy 

(Mould)

1M to 3M shots (Premium H13 

steel)

1M to 3M shots (Ensure NAK80/H13 

is specified)

Mould Maintenance 

(Annual)

£3,000 – £6,000 (Local tooling 

shop)

Often included in piece price if run in-

house

Production Cost Per 

Case

£0.45 – £0.81 £0.25 – £0.48 (Before freight/duty)

UK Import Duty & VAT

0% domestic (Standard 20% 

domestic VAT)

6.5% standard duty on plastics + 20% 

Import VAT

Shipping Costs (per 

10k units)

Minimal (£150 – £300 pallet 

courier)

£1,200 – £2,000 (Sea freight share or 

air cargo)

Lead Time to UK 

Warehouse

2 to 4 days from factory gates 30 to 45 days via sea freight
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Break-even Point
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Break Even Analysis

Break-even volume = Fixed Costs / (Selling Price - Variable Cost)
Break-even = £400,000 - (1.85-0.12) = 231,213 units
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As code 7 includes a variety of plastics, there isn’t one single method for their recycling. And some plastic 

waste with the code 7 label can’t be recycled. The general process for recycling some types of code 7 

waste includes these steps:

Sorting 

– plastic waste will be removed from your premises and taken to a waste management centre 

where it’s sorted by type and grade.

Cleaning 

– after being split into individual material streams the plastic will be cleaned to remove any 

contaminants. This ensures high-quality recycled plastic.

Shredding 

– a common recycling method involves clean and dry plastic waste being shredded, which 

removes any further impurities.

Melting 

– the shredded plastic is then melted down and moulded into pellets, which are sent to 

manufacturers. Sometimes virgin plastic will be added at this point to strengthen the quality.

Manufacturing 

– manufacturers use recycled plastic pellets in their new products, using on their own 

or blending with other plastic types to form all sorts of items.
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