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Abstract
This report presents the design, development and manufacturing analysis of an injection moulded smartphone housing intended for high-volume production. A structured engineering design methodology was applied to evaluate the product in terms of performance, manufacturability, cost and sustainability. Customer requirements are identified and translated into measurable engineering specifications through the application of Quality Function Deployment (QFD), while Design Failure Mode and Effects Analysis (DFMEA) was used to identify and mitigate potential design risks.
Material selection was conducted using engineering performance criteria and comparative analysis of thermoplastic materials. Acrylonitrile Butadiene Styrene (ABS) was selected as the most suitable material due to its balanced combination of impact resistance, manufacturability, cost-effectiveness and environmental performance. Design for Manufacture (DFM) principles were incorporated throughout the development process to optimise the component for injection moulding production, including the use of uniform wall thicknesses, draft angles, fillets and structural reinforcement features.
Autodesk Fusion 360 was used to perform Finite Element Analysis (FEA) and injection moulding simulations to validate the structural and manufacturing performance of the design. The results demonstrated that the housing could withstand representative loading conditions with acceptable stress and deformation levels, while mould flow analysis confirmed complete cavity filling and acceptable warpage characteristics. Cost analysis further demonstrated the economic viability of the product for mass production through low material consumption and efficient manufacturing cycle times.
Overall, the project demonstrates the successful development of a smartphone housing that satisfies customer requirements while achieving a balance between structural performance, manufacturability, sustainability and production cost. The findings confirm that the proposed design is suitable for large-scale manufacture using injection moulding processes.
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Introduction
Smartphone housings are commonly manufactured using injection moulding due to its suitability for high-volume production, dimensional consistency and low unit cost. This project investigates the design and manufacture of an injection-moulded smartphone housing using engineering design methodologies and manufacturing analysis techniques.
This project focuses on the design and development of an injection moulded smartphone housing using engineering design methodologies and manufacturing analysis techniques. The report analyses the product through material selection, Design for Manufacture and Assembly (DFM/DFA), simulation-based validation and production cost analysis. Autodesk Fusion 360 simulation tools were used to validate and investigate structural behaviour and injection moulding performance, while manufacturing calculations and sustainability considerations are used to support engineering decision-making.
The aim of this project is to analyse a manufacturable smartphone housing capable of satisfying functional, structural and economic requirements for the current market while applying engineering principles.
Objective No.	Project Objective
1	Develop a CAD model suitable for injection moulding manufacture.
2	Identify customer and engineering requirements using design methodologies.
3	Select an appropriate material using engineering criteria.
4	Apply Design for Manufacture (DFM) and Design for Assembly (DFA) principles to the design.
5	Conduct simulation and validation studies using Autodesk Fusion 360.
6	Perform manufacturing cost and production analysis.
7	Assess sustainability and material recovery considerations.

Table 1 - Project Objectives

Literature review
Injection Moulding
Injection moulding was selected as the manufacturing process for the smartphone housing due to its suitability for high-volume production, excellent dimensional repeatability and ability to produce complex geometries in a single operation (Bayer Corporation, 2000). The process is particularly suitable for thin-walled polymer components incorporating features such as ribs, bosses and snap-fit details commonly found in consumer electronics.
Successful injection moulding requires consideration of Design for Manufacture (DFM) principles during product development. Parameters including wall thickness, draft angle, gate location and cooling behaviour directly influence part quality, cycle time and manufacturing cost. Non-uniform wall thickness can result in sink marks, differential shrinkage and warpage caused by uneven cooling rates throughout the component (Bayer Corporation, 2000).
To minimise these risks, DFM principles were incorporated throughout the design process and validated using injection moulding simulation. The simulation enabled assessment of mould filling behaviour, potential manufacturing defects and dimensional stability before production tooling, reducing development risk and supporting optimisation of the final design (Goodship, 2004).





6.2 Polymer Materials for Consumer Products
Thermoplastics are widely used in consumer electronic products due to their low density, corrosion resistance and suitability for high-volume manufacturing processes such as injection moulding (Ashby, 2011). Among the available thermoplastics, Acrylonitrile Butadiene Styrene (ABS) is extensively used for consumer product housings because it offers a favourable balance of mechanical performance, surface finish quality and manufacturing cost (Bayer Corporation, 1995).
For smartphone housing applications, important material properties include impact resistance, tensile strength, stiffness, density and mould shrinkage behaviour. High impact resistance improves protection against accidental drops, while low density contributes to reduced product weight and improved user handling (Ashby, 2011).
ABS demonstrates good impact resistance, adequate stiffness and excellent injection moulding characteristics, making it suitable for the functional and manufacturing requirements of the smartphone housing. Based on the EduPack material selection analysis and consideration of performance, manufacturability and cost, ABS was selected as the final material.

Table 2 - Polymer Properties Overview
Reference list:
Ashby, M.F. (2011) Materials Selection in Mechanical Design. 4th edn. Oxford: Butterworth-Heinemann.
Bayer Corporation (1995) Material Selection: Engineering Polymers Thermoplastics and Polyurethanes. Pittsburgh: Bayer Corporation. 
Bayer Corporation (2000) Part and Mold Design Guide. Pittsburgh: Bayer Corporation.
Goodship, V. (2004) Practical Guide to Injection Moulding. Shawbury: Smithers Rapra Press.
Kalpakjian, S. and Schmid, S.R. (2014) Manufacturing Engineering and Technology. 7th edn. Harlow: Pearson Education.




6.3 Design for Manufacture (DFM)
Design for Manufacture (DFM) is an engineering methodology used to optimise product designs for streamlined and cost-effective manufacturing while maintaining product performance and quality (Boothroyd, Dewhurst and Knight, 2011). Within injection moulded polymer based products, DFM principles have a critical role due to component geometry directly influencing mould filling behaviour, cooling performance, production cycle time and final part quality.
One of the most important design factors in injection moulded components is maintaining uniform wall thickness. Uneven wall thickness sections can generate uneven cooling behaviour which may lead to manufacturing defects such as sink marks, residual stress and component warpage (Bayer Corporation, 2000). 
Recommended wall thickness for ABS injection moulded components typically ranges between 1 mm and 4 mm, however this can vary depending on component size and structural requirements (Bayer Corporation, 1995). The smartphone housing developed within this project incorporates a nominal wall thickness of approximately 2.5 mm to improve mould filling consistency while maintaining the require structural rigidity to perform as a phone case.
Draft angles are also incorporated into injection moulded components to facilitate part ejection from the mould cavity as the material can be injected at a lower pressure. Insufficient draft angles may increase friction during ejection and potentially damage the component surface finish (Rosato and Rosato, 2000). 
Additional DFM features have been added to the design including fillets and ribs which are frequently used to improve structural strength without largely increasing material usage. Fillets reduce stress concentration at sharp internal corners, while ribs can increase higher stiffness and improve structural strength of the product throughout thin-walled sections (Boothroyd, Dewhurst and Knight, 2011). The design features have been incorporated into the smartphone housing geometry to improve ease of manufacturing, reducing product defects and increasing material structural strength.


6.4 Finite Element Analysis (FEA)
Finite Element Analysis (FEA) is a numerical method used to evaluate the stress and deformation behaviour of engineering components under applied loads (Logan, 2022). Within this project, Autodesk Fusion 360 was used to perform static stress simulations on the smartphone housing to assess its structural performance under representative loading conditions. The analysis enabled identification of regions susceptible to elevated stress and displacement, providing validation of the design prior to manufacture and supporting optimisation of the housing geometry.
6.5 Polymer sustainability in Manufacturing
Sustainability was considered throughout the design process by evaluating material selection, manufacturing efficiency and recyclability. ABS was selected due to its suitability for recycling and compatibility with high-volume injection moulding processes (Goodship, 2007). Additionally, the injection moulding process generates relatively low material waste and allows production scrap to be reprocessed, reducing material consumption and manufacturing waste (Rosato and Rosato, 2000). These considerations were assessed alongside performance and cost requirements to support a balanced product development approach (Ashby, 2013).


Customer Requirements & Engineering Techniques
Product Description
The product developed in this project was an injection moulded smartphone case designed to provide protection for the smartphone during everyday usage. The housing was designed with the intention of mass production using the injection moulding process while being aimed for the everyday consumer. The design process focused on achieving a balance between parameters such as structural performance, manufacturability, cost and sustainability.
Customer Requirements Table
Table 3 - Customer Requirement Table
During the design process customer requirements were defined to help identify the requirements for the smartphone housing. Scoring was assigned using a scale of 1–10, where 10 is the highest level of importance to support QFD analysis. 


Engineering Requirements

Table 4 - Engineering Requirements
The engineering requirements were a by-product from the customer requirements identified in Section 7.2 and put into measurable design criteria. These requirements provide guidelines for evaluating the performance, manufacturability, cost and sustainability of the smartphone housing for the design process. Validation methods have been assigned to each requirement to ensure that fact based evidence was generated through material selection, CAD analysis, simulations, manufacturing assessments and cost evaluations. 
Quality Function Deployment (QFD)

Quality Function Deployment (QFD) was used to translate customer requirements into numerical engineering requirements and establish design priorities. The House of Quality presented in Figure 4 was developed using customer relevance ratings and relationship weight to quantify the impact of engineering characteristics on customer requirements. 
The QFD analysis identified surface finish quality as the highest priority requirement, achieving a score weighing of 20.4%. The second most relevant characteristic is impact resistance (18.3%) and wall thickness consistency (12.5%), which indicate that both product appearance and structural strength were key factors in the design development. Tensile strength (11.9%), component mass (10.9%) and manufacturing cost (10.3%) also achieved significant weightings, highlighting the requirement to balance mechanical performance, manufacturability and product cost in the design. Recyclability received the lowest weighting (6.9%), however sustainability considerations remained an important factor during material selection and manufacturing process evaluation.

Design Failure Mode Of Effect Analysis (DFMEA)






A Design Failure Mode and Effects Analysis (DFMEA) was carried to help identify potential design risks and help prioritise corrective actions before manufacturing takes place. Risk Priority Numbers (RPNs) have been calculated using the product of Severity (S), Occurrence (O) and Detection (D) rankings, giving the failure modes a quantitative assessment.
The design analysis highlighted warpage, “drops” induced cracking and dimensional inaccuracies as the most critical failure modes due to their high RPN values. Warpage is a manufacturing risk as it can lead to poor fit between housing and smartphone, which would heavily impact product function and aesthetics. This defect is commonly associated with uneven wall thicknesses and cooling during injection moulding.
Impact-induced cracking was also identified as a critical risk because it directly affects the primary function of the housing, especially the protection of the smartphone during daily use. The results of the DFMEA reinforce the findings of the QFD analysis, where impact resistance was identified as one of the highest scoring engineering requirements. Furthermore, stress concentrations were reduced through the incorporation of fillets and evaluated during the validation stage using Autodesk Fusion 360 software.
Dimensional inaccuracies affecting button and port alignment were recognised as a potential usability constraint. Although the scoring severity of this failure mode was lower than that of structural failures, its impact justified the implementation of aesthetic measures to achieve a viable product for the market.
The DFMEA findings were used to guide design modifications and simulation activities in later stages. By identifying and addressing the high score failure modes during the development stage, the likelihood of manufacturing defects and in-service failures was reduced, improving the overall end of the line product for manufacturing purpose.





Material Selection
Material Selection requirements
The material selection process was led by the QFD analysis and DFMEA findings developed in the previous sections. 
The QFD analysis identified surface finish quality, impact resistance and wall thickness consistency as the highest-priority engineering requirements. As a by-product, the selected material was required to exhibit good impact resistance, strong mechanical strength and the ability to produce a high surface finish when processed using injection moulding. 
The DFMEA highlighted parameters such as impact-induced cracking, warpage and dimensional inaccuracies as the highest design risks. Therefore, the material was required to have sufficient toughness to withstand accidental impacts while ensuring that the product produced remained of the same dimensions to be viable for mass production.
Economic and environmental considerations were also incorporated into the material selection process. The material was required to be suitable for mass production injection moulding, commercially viable and recyclable where practical.
The importance of these requirements was derived from the House of Quality analysis, where surface finish quality (20.4%), impact resistance (18.3%) and wall thickness consistency (12.5%) achieved the highest relative weighting. Based on these requirements, the key material selection criteria were identified as: 
Impact resistance	Density (weight)
Tensile strength	Cost
Surface finish quality	Recyclability
Dimensional symmetry	Injection mouldability

Table 8 - Material Selection Criteria



Material Analysis Comparison
Based on the material requirements identified in 8.1, three thermoplastic materials were selected for a comparative analysis: Acrylonitrile Butadiene Styrene (ABS), Polycarbonate (PC) and Thermoplastic Polyurethane (TPU). These materials were selected due to their manufacturing capabilities for injection moulding and their varied usage of product applications.
ABS is commonly used for electronic housings due to its low cost, impact resistance and mouldability. Polycarbonate was also selected as a higher-performance alternative due to its superior strength and toughness when compared to the other two materials. TPU was considered as a comparison material because of its impact absorption and durability, making it a common material for protective smartphone cases.
For a objective material selection process, key mechanical, economic and environmental properties were extracted from Granta EduPack 2024 and compared against the engineering requirements established through the QFD and DFMEA analyses in the previous sections.
Table 9 - Material Comparison Table
References: Granta EduPack 2024 MaterialUniverse database. TPU values obtained from EduPack material records. 
The results indicate that Polycarbonate provides the highest tensile strength and stiffness, making it suitable for this application where rigidity is required. TPU exudes high impact resistance. However, its lower modulus value indicates a flexible material behaviour that may be unsuitable for to provide protection as a smartphone housing. ABS exhibits average mechanical property performance while having the lowest material cost and environmental impact among the candidate materials making it the most well-rounded choice.
Although TPU outperforms both ABS and PC in impact resistance, its low stiffness would increase the likelihood of deformation and process defects during manufacturing. Polycarbonate demonstrated superior structural performance but at a higher material cost and high environmental footprint when compared to ABS. ABS provided a balanced combination of mechanical properties, manufacturability and cost, making it a strong candidate for further evaluation.


Material Selection Analysis
To support the material selection process, the three materials were evaluated using Granta EduPack material property data using the engineering requirements identified through the QFD analysis in the previous sections. 
Mechanical Performance Assessment

Figure 3 - Tensile Strength and Density Comparison
Figure 3 compares Tensile strength against Density for the three materials. Polycarbonate has the highest tensile strength while maintaining a density similar to TPU. ABS held the lowest density than both alternative materials, this factor contributed to a overall lower component mass. Although ABS has lower tensile strength than Polycarbonate, the material still provides enough structural performance for the intended use of this appplication. The results indicate that both ABS and Polycarbonate have adequate mechanical strength. However, ABS offers a more favourable balance between strength and weight. 



Figure 4 - Young's Modulus and Impact Strength Comparison
Figure 4 compares Young's modulus and impact strength for the three materials. TPU demonstrated high impact resistance but exhibits lower stiffness compared to both ABS and Polycarbonate. This indicates that TPU would be more suitable for more flexible protective products rather than a rigid smartphone housing. Polycarbonate achieves the better balance between stiffness and toughness, while ABS provides stiffness and impact resistance suitable for this product. Considering the structural requirements of the smartphone housing, ABS and Polycarbonate were identified as the most viable options from the three materials base on their mechanical properties.

Cost and Performance Assessment

Figure 5- Price (GBP) and Impact Strength Comparison
Figure 5 compares impact strength against material cost. This comparison is specially critical as this is what will determine if the product is viable to be launched into the market.
TPU exhibits the highest impact resistance. However, its performance is directly co-related to its higher material cost. ABS demonstrates the lowest material cost while it maintains good impact resistance for the intended application. Polycarbonate offers improved impact performance compared to ABS but at a higher cost. The results highlight the trade-off between mechanical performance and economic viability during material selection. 



Figure 6 - Tensile Strength and Price (GBP) Comparison
Figure 6 compares tensile strength against material cost. Polycarbonate achieves the highest tensile strength but also has a higher price point compared to its alternatives. ABS demonstrates the most favourable balance between mechanical performance and economic viability, providing adequate tensile strength at the lowest cost from all three materials. TPU offers no significant tensile strength advantage despite its increased material cost. In this case, ABS is the most cost-effective material solution out of the three materials compared. 

Sustainability Assessment

Figure 7 - Embodied Energy and Carbon Footprint Comparison
Figure 7 compares the embodied energy and carbon footprint associated with each candidate material. ABS exudes the lowest embodied energy and CO2 footprint, which would have the lowest environmental impact during primary production. Polycarbonate demonstrates average environmental performance, whilst TPU has the highest environmental burden from all three materials. Although sustainability is not identified as the most critical priority design requirement within the QFD analysis, environmental considerations remain an important factor within the material selection process. Therefore, results further support the selection of ABS as a balanced material choice.


Material Selection Conclusion
The final material selection was based on the combined findings from the QFD analysis, DFMEA assessment and Granta EduPack evaluation presented in 8.3. The material selected  was required to provide a balance between mechanical performance, manufacturability, cost and sustainability.
Polycarbonate exuded the highest tensile strength and stiffness. However, it had the highest material cost and environmental impact. TPU has the best impact resistance but lacked the stiffness required for a rigid smartphone housing. As a result, TPU was deemed better suitable for flexible protective products that don’t require a rigid outer shell.
ABS provides the most balanced overall performance. Its mechanical properties are lower than Polycarbonate, but remained sufficient for the intended application. In addition, ABS demonstrates the lowest material cost, lowest environmental impact and highest suitability for injection moulding.
Based on the material comparison presented in Table 7 and the analysis carried out on Figures 3–7, ABS (Acrylonitrile Butadiene Styrene) was selected as the material for the smartphone housing due to its balanced properties compared to the other alternatives while still satisfying the requirements identified through the QFD and DFMEA analysis. 


Design Development
Final Design Development
The smartphone housing was designed as a single-piece injection moulded part designed to provide protection to the smartphone while maintaining regular access to the device. The design consists of a shell geometry that incorporates openings for the camera, charging port, speakers and side buttons.
 
Figure 8 - Design Overview

Figure 9 - Design Schematics
The overall geometry follows the external profile of a modern smartphone, providing full perimeter protection whilst minimising material usage. Large corner radii were incorporated throughout the design to improve stress distribution, reduce stress concentrations and enhance mould filling during the injection moulding process.

Figure 10 - Rear View of the Design
Openings were created into the rear face to allow the camera assembly to function. The cut-outs were designed with smooth internal radii to improve manufacturability and reduce the likelihood of stress concentrations around sharp edges.

Figure 11 - Left Side View

Figure 12 - Right Side view
Additional openings were included to provide access to the charging port, speakers and side-buttons. The placement and sizing of these features were sdesigned to maintain product functionality while passing integrity tests. The design also maintains a consistent wall structure which supports dimensional symmetry and reduces the risk of warpage during manufacturing.
The final design was developed with consideration for both product functionality and manufacturing requirements, providing a suitable foundation for the simulation validation further into the process.


Design for Manufacture (DFM) Considerations
The smartphone housing was designed in with Design for Manufacture (DFM) principles to improve manufacturability, reduce tooling complexity and reduce the likelihood of moulding defects. As the selected manufacturing process is injection moulding, extra consideration was given to wall thickness, corner geometry, part ejection and mould design requirements.
A uniform wall structure was used throughout the housing to promote consistent cooling and reduce the risk of sink marks, residual stresses and warpage. Maintaining a consistent wall thickness also improves material flow during mould filling and uniform cooling of the part.

Figure 13 - Internal View of the Smartphone Housing
Rounded internal and external corner radii were implemented throughout the design. Sharp corners were avoided as they can create stress concentrations and restrict material flow during mould filling which can lead to defects. 

Figure 14 - Side view of Smartphone Housing
The housing was designed for manufacture using a conventional two-part injection mould, eliminating the need for complex tooling mechanisms or extra manufacturing operations. The symmetrical geometry promotes balanced material flow and uniform cooling, reducing the likelihood of warpage and dimensional defects.
Openings for the charging port, speakers, side buttons and camera assembly were incorporated with rounded edges to maintain manufacturability while preserving product functionality. 
The final design incorporates key DFM principles suitable for injection moulding, supporting efficient manufacture criteria and reduced production defects risk for large scale manufacturability.
Final Design Evaluation
The final smartphone housing design was assessed against the engineering requirements identified through the QFD and DFMEA analysis. The design includes the characteristics identified as critical to product performance such as impact resistance, surface finish quality, wall thickness consistency and access to functional features.
The material selected (ABS) supports the manufacturing and performance requirements set during the material selection process. Suitability for injection moulding enables the production of a accurate component with a high-quality surface finish whilst maintaining low manufacturing cost, all of which were identified in the QFD process.
The geometry of the housing includes uniform wall sections, rounded corner radii which contribute to minimise common injection moulding defects such as sink marks and warpage. Functional features such as camera cut-outs, charging port, speaker openings and side button access have been integrated without significantly increasing tooling complexity which decreases manufacturability complexity.
The final design satisfies the customer requirements identified during the product planning stage while incorporating engineering design decisions necessary for efficient mass production of the product. 


Design Simulation and Validation
Using Fusion 360, simulations were undertaken to analyse both structural and manufacturability parameters of the smartphone housing prior to manufacture. Structural analysis was carried using static stress simulations, to understand the ability of the ABS housing to withstand representative service loads, whilst injection moulding simulations were used to evaluate filling behaviour, potential moulding defects and dimensional stability.
The simulations provide an opportunity to identify potential design weaknesses before tooling manufacture and support the Design for Manufacture (DFM) decisions discussed previously.
Structural Simulation Validation
A static stress study was performed using ABS plastic material properties derived from the selected material specification. Two loading conditions were simulated to represent realistic loading scenarios that the smartphone housing may experience during normal use.
The first loading condition applied a distributed load of 50 N to the rear face of the housing. This scenario represents external pressure applied to the rear surface of the case during handling or accidental loading.

Figure 15 - Rear Face 50N Load
Results indicated a maximum Von Mises stress of 0.019 MPa and a maximum displacement of 6.53 × 10⁻⁶ mm. The calculated minimum safety factor was approximately 745, indicating that the stresses generated were significantly below the material yield strength. Deformation was negligible and concentrated around case features such as button and charger port openings

Figure 16 - Rear Face 50N Report Results
Although the safety factor is high, the result is due to the relatively low loading condition compared with the structural capability of the ABS housing as this still falls under the case usage limits for the back load test. The analysis nevertheless demonstrates that the design possesses substantial structural capacity under normal service conditions.
A second study was conducted to investigate localised loading at the corners of the housing. Equal forces were applied to the corner regions to simulate concentrated loads that may occur during accidental drops while handling.

Figure 17 - Corner Testing 50N
The simulation predicts a maximum Von Mises stress of 0.815 MPa and a maximum displacement of 7.44 × 10⁻⁴ mm. The minimum safety factor remained high at 27.7, indicating that yielding of the ABS material would not occur under the applied loading condition.
Stress concentrations were primarily located around the loaded corners, due to where the load forces are being applied. Despite the increased stress levels compared with the rear-face loading scenario, the housing maintained structural integrity with minimal deformation. Overall, both structural analyses indicate that the housing design provides adequate strength and stiffness for the intended application.

Figure 18 - Corner Load Von Mises Stress Results

Figure 19 - Corner Load Displacement Results

Injection Moulding Validation
Injection moulding simulations were performed to evaluate the manufacturability of the housing and to assess filling behaviour, potential moulding defects and dimensional stability following cooling.
Two gate configurations were considered. Although the two-gate arrangement produced a marginally faster fill time of 0.63 s compared with 0.83 s, no significant improvements were observed in defect formation or warpage behaviour. The use of two gates also increased weld line formation due to the meeting of multiple flow fronts.

Figure 20 - 2 Gate Design Trial
Consequently, the single-gate configuration was selected for further evaluation as it provides a simpler mould design, lower tooling complexity and reduced manufacturing cost whilst maintaining good filling performance.

Figure 21 - Single Gate Fill Time Results
The selected single-gate design achieved a fill confidence of 100%, indicating that the component could be filled without short-shot defects. The average melt temperature at the end of filling ranged from approximately 193°C to 231°C, demonstrating relatively uniform thermal distribution throughout the cavity.

Figure 22 - Fill Confidence Results

Figure 23 - End-of-Fill Temperature Distribution
Visual defect analysis predicted the presence sink marks and weld lines. These defects were primarily associated with changes in geometry around openings and transitions between wall sections. Whilst these features may influence surface appearance, they are not expected to significantly affect structural performance.

Figure 24 - Visual Defect Analysis
Warpage analysis predicted a maximum deflection of 0.442 mm. The highest deformation occurred near the charger opening slot where cooling shrinkage was less uniform. Although the predicted warpage exceeded the default software tolerance value of 0.377 mm, the defect is classified as not impactful enough for the model analysed.

Figure 25 - Warpage Prediction Results
Parameters such as packing pressure, injection pressure and cooling conditions could not be modified within the study. Literature suggests that these variables significantly influence shrinkage and warpage in injection moulded components (Rosato and Rosato, 2000). Therefore, further optimisation during production could reduce the predicted deformation.
Overall, the simulation confirmed that the housing is suitable for injection moulding manufacture. Complete cavity filling was achieved, while predicted defects remained manageable. These results demonstrate that the DFM principles incorporated within the design support effective manufacture.


Design Optimisation Study (DOE)
A simplified Design of Experiments (DOE) study was conducted to evaluate the influence of gate location on the injection moulding performance of the smartphone housing. Single-gate and dual-gate configurations were compared using fill time, weld line formation, sink mark prediction and warpage as response variables.
The dual-gate configuration reduced fill time from 0.83 s to 0.63 s, indicating improved material flow. However, this improvement resulted in additional weld lines due to the convergence of multiple flow fronts, while only producing a marginal change in warpage. Both configurations achieved complete cavity filling with acceptable temperature distribution and defect levels.
As the reduction in fill time did not significantly improve overall part quality, the additional tooling complexity associated with the dual-gate design was not justified. Therefore, the single-gate configuration was selected as the preferred solution based on its simpler tooling arrangement, acceptable manufacturing performance and suitability for high-volume production.


Cost Analysis
Material Cost
The smartphone housing was designed for manufacture using Acrylonitrile Butadiene Styrene (ABS), selected for its combination of impact resistance, dimensional stability and suitability for injection moulding. According to the EduPack material database, the cost of injection moulding grade ABS ranges from £1.24–£2.19 per kilogram, with a density between 1040–1070 kg/m³.
The final CAD model has a calculated mass of 26.758 g (0.026758 kg). The material cost per component was calculated using:

Figure 26 - Material Cost Calculations


11.2 Manufacturing Cost
The injection moulding simulation predicted a cavity fill time of 0.83 s. However, industrial production cycles also include packing, cooling and ejection stages. A representative cycle time of 20 s was therefore assumed for production cost estimation.

Figure 27- Manufacturing Costs Calculation


11.3 Break-Even Analysis
Injection moulding requires a significant initial investment in tooling but offers a low unit production cost. For this analysis, a mould cost of £8,000 was assumed (BEC Group, 2023).
The total manufacturing cost for injection moulding can therefore be expressed as:
C_(IM)=8000+0.35N
where (N) is the production quantity.
For comparison, an equivalent 3D printed component was assumed to cost approximately £3.00 per unit.
The break-even point occurs when both manufacturing methods have the same total cost:

Figure 28 - Break Even Calculations
The break-even production volume is approximately 3,000 units. Above this quantity, injection moulding becomes significantly more economical than additive manufacturing due to its substantially lower per-part production cost.
11.4 Cost Summary
Table 10 - Cost Sumamry Table
The analysis demonstrates that although injection moulding requires a relatively high initial tooling investment, the low material and manufacturing costs make it highly economical for medium to high volume production. This supports the selection of injection moulding as the preferred manufacturing process for the proposed smartphone housing.



 Sustainability Considerations
Sustainability was considered throughout the design process rather than as a separate final decision. The QFD stage identified material utilisation, manufacturing cost and recyclability as relevant engineering requirements, while the material selection process compared ABS, PC and TPU using environmental indicators from EduPack. ABS was selected partly because it offered the lowest environmental impact of the three candidate materials, with lower embodied energy and CO₂ footprint than PC and TPU.
The final CAD design also supports sustainability by minimising unnecessary material use. The housing mass was reduced to 26.758 g while still maintaining sufficient structural performance, as confirmed by the FEA results. Reducing component mass lowers raw material demand and reduces the environmental impact associated with production and transport.
The DFM decisions also contribute to sustainability. Uniform wall thickness, rounded corners and simplified mould geometry reduce the likelihood of defects such as sink marks, warpage and short shots. This reduces scrap rates and avoids wasted material during production. The injection moulding simulation confirmed complete filling with 100% fill confidence, supporting efficient manufacture.
Although warpage was predicted, the result identifies areas for future optimisation rather than making the design unsuitable. In industrial production, process parameters such as cooling time, packing pressure and mould temperature could be adjusted to reduce dimensional variation and waste (Rosato and Rosato, 2012).


Discussion and Recommendations
The final smartphone housing design successfully satisfied the customer and engineering requirements identified during the QFD process. The selected ABS material achieved a balance between mechanical performance, manufacturability and cost, while the final geometry incorporated key DFM principles including uniform wall thickness, rounded corners and draft angles. These features improved manufacturability and reduced the likelihood of moulding defects.
Finite Element Analysis demonstrated that the housing could withstand representative loading conditions without risk of failure. Under both rear face loading and corner loading scenarios, the maximum Von Mises stresses remained significantly below the yield strength of ABS, resulting in high safety factors and confirming adequate structural integrity.
The injection moulding simulations further validated the design for mass production. Complete cavity filling was achieved with 100% fill using a single gate configuration. Although a two-gate arrangement slightly reduced fill time, it increased weld line formation without providing significant improvements in part quality. Consequently, the single gate design was selected as the preferred manufacturing solution. Warpage predictions identified some dimensional distortion; however, these values remained within an acceptable range for an initial design iteration and could be further reduced through process optimisation.
Several design trade-offs were required throughout development. Increasing wall thickness would improve stiffness but would increase material consumption, cycle time and manufacturing cost. Similarly, additional gates could reduce fill time but would introduce more weld lines and increase tooling complexity. The final design therefore represents a balanced solution between performance, manufacturability and production cost.
Future work could include optimisation of gate location, cooling channel design and mould process parameters to further reduce warpage and sink marks. Physical prototype testing could also be performed to validate the simulation results and assess real-world performance under impact and drop conditions.


Conclusion
This project successfully developed a smartphone housing suitable for high volume manufacture using injection moulding. A structured product development methodology was followed, beginning with customer requirement analysis and QFD, followed by material selection, CAD development, DFM optimisation, simulation-based validation and cost analysis.
ABS was selected as the most appropriate material due to its favourable combination of mechanical properties, manufacturability, cost and environmental performance. The final housing design incorporated manufacturing best practices, including uniform wall thickness, draft angles and rounded transitions, improving both mouldability and product quality.
Structural simulations confirmed that the design possesses sufficient strength and stiffness under representative loading conditions, while injection moulding simulations demonstrated complete cavity filling and acceptable levels of warpage. Cost analysis further showed that the design is economically viable for mass production, with low material costs and short manufacturing cycle times.
The final design meets the key requirements of performance, manufacturability, cost-effectiveness and sustainability. The combination of engineering analysis and manufacturing considerations demonstrates that the proposed smartphone housing is a feasible solution for large-scale production using injection moulding.
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