[bookmark: _Hlk187324048][image: A black and white sign with black text]
Design for Manufacture and Assembly: Component Optimisation

University of Wales Trinity Saint David
School of Engineering
Charlie Gallagher 
2416608
BEng (Hons) Manufacturing Systems Engineering
02/03/26
Manufacturing Design and Technology 
ACMA5002
5468
AML Controlled

AML Controlled

AML Controlled


Abstract
This report presents the design and manufacture of an injection‑moulded mobile phone case, developed using a structured engineering approach to achieve optimal performance, manufacturability, and cost efficiency. The study integrates key design methodologies, including Design for Manufacture (DFM), Design for Assembly (DFA), and failure analysis tools such as FMEA, to inform decision-making throughout the product development process.
Material selection was conducted through a comparative evaluation, resulting in the adoption of a polycarbonate (PC) and thermoplastic polyurethane (TPU) combination, offering a balance of impact resistance, flexibility, and durability. The component geometry and wall thickness were optimised to minimise defects such as warpage and sink marks, while ensuring consistent cooling during the injection moulding cycle. Mould design considerations, including gating strategy and cooling performance, were also examined to improve production quality and efficiency.
A detailed cost analysis was performed, incorporating material costs, tooling investment, machine operating costs, and labour rates to determine the total cost per unit at production scale. Cycle time and production rate calculations were used to estimate manufacturing throughput, and a break-even analysis was conducted to evaluate economic feasibility. A comparison with additive manufacturing highlighted injection moulding as the most suitable process for high-volume production due to its significantly lower unit cost at scale.
The report concludes with recommendations for further optimisation, including the implementation of a post-mould cooling jig to reduce residual stresses and improve dimensional stability. Overall, the study demonstrates how the integration of engineering design principles and manufacturing analysis can deliver a cost-effective, high-quality product suitable for mass production.
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[bookmark: _Toc232400941]Introduction
[bookmark: _Toc232400942]Purpose
The purpose of this report is to demonstrate the process of optimising a mobile phone case for injection moulding and high-volume manufacturing. The design process should incorporate different advanced manufacturing techniques and methodologies for design optimisation such as design for manufacture (DFM) and design for assembly (DFA) principles for robustness and cost-effectiveness. The design should be tailored to injection moulding, which is widely used for polymer components due to its ability to produce high-quality parts with repeatability and low cost. Key considerations for the design include defect reduction through simulation trials, minimisation of assembly complexity through DFA, optimised material selection for performance and cost through DFM, and efficient production readiness through informed design cost driven decisions. 
[bookmark: _Toc232400943]Problem Definition
Mobile phone cases represent high-demand consumer products that must achieve a balance between functionality, durability, aesthetics, and cost. From a manufacturing perspective, the design of a thin-walled polymer component with integrated features such as snap-fit joints, cut-outs, and surface textures presents several engineering challenges. Key considerations include ensuring consistent material flow and uniform cooling during the injection moulding process to minimise defects such as warpage, shrinkage, and weld lines. The design must also address stress concentrations in features such as snap fits to prevent failure during operation.
In addition, the product must be optimised for efficient assembly through the application of DFA principles, including part count reduction, self-locating geometries, and the integration of error-proofing . Furthermore, the design process should incorporate sustainability and cost-efficiency considerations through DFM, including the selection of recyclable materials, reduction of material waste, and justification of tooling and production costs through high-volume manufacturing and efficient process optimisation.


[bookmark: _Toc232400944]Literature Review
[bookmark: _Toc232400945]Design for Manufacture
Design for Manufacture (DFM) is a critical engineering methodology aimed at optimising product design to ensure efficient, cost-effective, and high-quality manufacturing. Originally formalised by Boothroyd and Dewhurst in the 1980s, DFM focuses on reducing manufacturing complexity, minimising component, and assembly costs, shortening development cycles, and improving overall product quality (Anderson, 2020). The approach is cross-functional, requiring collaboration between design engineering, process engineering, and manufacturing teams to ensure that design decisions align with production capabilities (Pugh, 1991).  
A key principle of DFM is the early identification and mitigation of manufacturing constraints during the design phase. Proactive design engineering reduces the need for late-stage design changes, which can result in costly tooling modifications, supply chain disruptions, and delays to product launch. Anderson (2020) highlights that compressed design timelines often lead to the release of sub-optimised components, transferring manufacturing challenges downstream and increasing overall production costs. This supports the well-established principle within the Toyota Production System that most of a product’s lifecycle cost is determined during the design stage, with early-stage improvements being significantly more cost-effective than changes made during production (Hino, 2006).
In the context of this project, DFM is applied to ensure that the mobile phone case design is optimised for high-volume injection moulding. Key considerations include maintaining uniform wall thickness to ensure consistent cooling and reduce warpage, incorporating appropriate draft angles for efficient part ejection, and optimising geometry to minimise defects such as sink marks and weld lines (Malloy, 1994). These design decisions are essential to achieving reliable and repeatable production while reducing cycle time and material waste.
DFM also plays a vital role in material selection. As highlighted by Malloy (1994), materials should be selected based on a defined “property profile” to ensure compatibility with functional, manufacturing, and environmental requirements. For polymer injection moulding applications, this includes considerations such as flow characteristics, shrinkage behaviour, mechanical performance, and recyclability. Selecting appropriate materials at the design stage ensures that the final product meets performance requirements while remaining cost-effective and suitable for large-scale production.
[bookmark: _Toc232400946]Design for Assembly
Design for Assembly (DFA) is a key subset of DFM which focuses on simplifying product structures to improve assembly efficiency. The core principle of DFA is the reduction of part count through the evaluation of each component’s necessity based on its function, material properties, and relative motion. This structured approach allows designers to determine whether components can be combined without compromising performance (Boothroyd, Dewhurst and Knight, 2002).
In addition to part count reduction, DFA emphasises designing components that are easy to handle and orient. This includes minimising the use of fasteners and avoiding complex geometries. Instead, features such as self-locating and snap-fit joints, are encouraged. Snap-fits are particularly effective in polymer products, as they eliminate the need for additional fixings but still maintain structural integrity (Boothroyd, Dewhurst and Knight, 2002).
Applying DFA principles at the initial stages of the product lifecycle is critical, as it reduces the likelihood of assembly-related issues during production. This proactive approach supports efficient manufacturing, minimises production costs, and ensures reliable product performance, particularly in high-volume processes such as injection moulding.
[bookmark: _Toc232400947]Injection Moulding Fundamentals
[bookmark: _Toc232400948]Process
Injection moulding is one of the most widely used manufacturing methods for polymers, with the ability to deliver high precision, repeatable, and complex components (Menges, Michaeli and Mohren, 2001). The process involves injection molten plastic into a mould cavity where it is cooled and solidified through sophisticated cooling channels to form the final component and finally pushed out of the mould via ejector pins. 
Injection moulding is particularly suitable for a mobile phone case due to its size and geometry requirements and the ability to manufacture high-volume components with a low cost per unit. Following the tooling investment, it is a very economical manufacturing process and can yield consistent high-quality products if designed correctly.
[bookmark: _Toc232400949]Defects
The effectiveness of injection moulding is heavily reliant on part design and mould design, as defects often occur because of interactions between geometry, material behaviour, and processing parameters (Malloy, 1994). According to Groover (2010) and (Rosato and Rosato, 1995), common defects include warpage and weld lines all of which can be mitigated through thorough material selection, design considerations, and process optimisation. 
Weld lines are caused by the melt flow front separating due to a core, part design feature or asymmetric wall thickness and later recombining at a different pressure, temperature, or viscosity which causes the visible lines in the part (Rosato and Rosato, 1995). Not only is the weld line an annoyance to the customer it can also risk the components structural integrity. According to Malloy (1994) there’s not a substantial amount of evidence to definitively say what effects weld lines as most factors can influence them. What is recommended is that weld lines are engineered to be positioned in places that are less visible and less likely to cause annoyance or risk to structure. 
Shrinkage and warpage are where a part shrinks from its desired shape during cooling . All factors in injection moulding can influence these and must be considered during design. What’s most important is to ensure injection pressure is great enough to compensate for shrinkage without over packing the mould which will leave undue stress and ejection difficulties (Malloy, 1994). In the context of this project the greatest influence is wall thickness as thicker wall sections are much harder to cool and pack, like uneven wall sections will require different cooling and packing times. This was considered in design, and the proposed gate locations were placed on the thickest parts of the mould to ensure that they’re packed and cooled well. 
[bookmark: _Toc232400950]Engineering Tools
Modern manufacturing and product development relies heavily on structured engineering tools to control design quality, reduce risk, and optimise performance (Sartor and Orzes, 2019). Some of these tools are discussed below: 
A QFD is a customer focused methodology that translates user requirements into measurable engineering specifications ensure that the product meets the markets current products and customer expectations (Ficalora and Cohen, 2012). It is particularly effective with consumer products such as a phone case where factors such as aesthetics, durability, cost, and ergonomics are critical. 
An FMEA is a proactive risk analysis tool which can be used to identify potential failures in a design or process to evaluate their severity, occurrence, and detectability. By addressing high-risk issues early in the design or process, it can support removing defects, improving quality and reliability, and reducing risk for customer (Sartor and Orzes, 2019). 
DOE is used to systematically analyse the effect of design variables on performance outcomes, enabling optimisation of key parameters (Antony, 2023). When combined, these tools form a comprehensive framework for improving product quality, manufacturing efficiency, and overall design robustness.
Simulation tools such as Fusion 360s injection moulding simulation are widely used in the validation of component moulding. These tools allow engineers to analyse material flow, cooling behaviour, and structural performance before being physically manufactured. In this report the simulation will be used to visualise the effect of parameter changes and evaluate what’s best to minimise defects which are highlighted by the software during simulation. 
Together these tools support a structured and comprehensive framework for improving the design through highlighting possible issues, removing waste, and ensuring the product meets the market, leading to a more robust product. 
[bookmark: _Toc232400951]Project Scope
[bookmark: _Toc232400952]Product Design Specification and Performance Requirements
A product design specification (PDS) is the greatest reference point for any stakeholder in any point of the design stage (Pugh, 1991). PDSs are large documents containing information on competitor products, current business products, and current design and future design targets in performance categories from product cost, weight, and materials to packaging, life span, and production facility intended to create a conclusive design plan with measurable parameters for all departments (Pugh, 1991). However, it’s important to determine which performance categories are important in your context to avoid over complicating and over constraining your design. The product specification for this project was set below. 


[bookmark: _Toc232054896]Table 1: Product design specification for mobile phone case
	Category
	Specification
	Description

	Impact Resistance
	1.2m drop height protection
	Industry standard 

	Weight
	~30g
	Industry standard and comfortable weight

	Cost
	£20-£30 per case
	A mid-range case

	Lifespan
	~18 months minimum
	Standard for polymer cases ~12 months

	Quality
	No defects that effect the cases’ main function
Less than 25% of customers to notice aesthetic defects
	Low severity rating for FMEA ranking to ensure product is to standard (Figure 3)

	Hand Feel
	Good grip to prevent slipping
	TPU or similar for grip

	Tolerances
	Ensure perfect fit to phone
	Tolerance deviations are not acceptable

	Environment
	Fully recyclable at end of life, likely through industrial recycling
	TPU or PC not currently widely recycled. 



[bookmark: _Toc232400953]House of Quality (QFD)
The QFD in Figure 1 process was used to translate customer requirements into measurable engineering specifications. High importance was assigned to impact resistance, dimensional accuracy, and wall thickness due to their direct influence on product performance and manufacturability. These requirements informed key design decisions, particularly material selection, and geometric optimisation for injection moulding.
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[image: ][bookmark: _Toc232054900]Figure 1:Mobile phone case QFD

[bookmark: _Toc232400954]Failure Mode Effect Analysis (FMEA)
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[bookmark: _Toc232054901]Figure 2:FMEA scoring criteria.
The FMEA below in Figure 3 identified warping, air traps and sink marks as the highest risk failures based on their Risk Priority Number (RPN) where the scoring criteria that was used is demonstrated above in Figure 2. These three issues are primarily linked to design issues, such as wall thickness, inadequate cooling, and poor gate placement. Recommended actions were determined to reduce the effect of these issues and were considered in the design process. Principles from DFM and DFA including uniform wall thickness to support material flow, optimised gate placement and the incorporation of Poka-Yoke features were included and are further discussed in the design section (4) (Leksic, Stefanic and Veza, 2020). These mitigation strategies are likely to reduce the risks associated with the product, which is reflected in the revised RPN scores at the end of the FMEA. 

[image: ][bookmark: _Toc232054902]Figure 3:Mobile phone case FMEA

[bookmark: _Toc232400955]Design of Experiment (DOE)
The DOE was used to analyse the effect of key variables such as wall thickness, gate location, and process settings. This approach enables engineers to have an insight into the possible effects of changes, the most influential parameters, and a methodical system to evaluate these changes. By analysing these interactions between changes, data driven decisions can be made with justification and evidence. The experiments will be conducted alongside the simulation to measure the changes. 
[bookmark: _Toc232054897]Table 2:Mobile phone case DOE
	Parameter
	Experiment 1
	Experiment 2
	Experiment 3

	Wall Thickness
	1.5mm
	1.25mm
	1mm

	Gate Location
	Top
	Centre
	Centre

	Process Settings
	220°C & 20°C
	235°C & 25°C
	250°C & 30°C



Wall thickness variations were analysed to evaluate their effect on warpage and sink marks. Uniform, thinner wall sections promote more consistent cooling, reducing warpage. However, excessive reduction may compromise structural strength. Gate location was assessed to minimise weld lines and ensure adequate flow and pressure distribution, particularly in difficult-to-fill regions such as behind the camera cut-out. Process parameters were also adjusted within material limits to further reduce defects by improving cooling uniformity. The outcomes of these experiments are discussed in the simulation results section.



[bookmark: _Toc232400956]Design and Development
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[bookmark: _Toc232054903]Figure 4:Inital drawings and sketch ideas
Two design ideas were originally drawn up as shown above in Figure 4. 
[bookmark: _Toc232054898]Table 3:Mobile phone case design decision matrix
	Criteria
	Weight
	Observed 1
	Calculated 1
	Observed 2
	Calculated 2

	Protection
	5
	2
	10
	3
	15

	Slim
	1
	1
	1
	2
	2

	Grip
	2
	1
	2
	2
	4

	Aesthetic
	3
	3
	3
	3
	9

	Durability
	4
	2
	8
	2
	8

	Total
	
	8
	24
	12
	38



A decision matrix was used to make an informed decision on which design was better using weighted customer requirements . What differed between design 1 and 2 was the introduction of the DFM and DFA such as protective raised edge along the camera cut out in design and the rounded rather than square sides and corners. These changes achieved uniform wall thickness throughout to optimise material flow and mitigate cooling issues and a raised edge to protect the camera. The rounder edges also allow for the case to be slimmer and reduce wear and tear by limiting protruding edges. The camera cut out and button slots also align with Poka-Yoke principles ensuring the products can only be used and fitted as intended. 
[bookmark: _Toc232400958]CAD Design
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[bookmark: _Toc232054904]Figure 5:Final mobile phone CAD design
The model includes all standard features of a snap fit phone case such as volume and power control buttons cut outs, a camera cut out, charging port cut out and a protruding edge to grip the phone. However, what differs from a standard case to this design is the DFM principal features included such as drafted edges along the internal button walls and camera cut out and filleted edges along every square edge. The drafted walls on the button cut outs and camera cut out allow for easier ejection from the mould and the filleted edges improves strength, mitigates defects, and supports uniform wall thickness in the final product (Groover, 2010). It also includes uniform wall thickness along the sides and back of the case with thickness variating on the protruding edges on the camera cut out and the snap fit feature to reduce bulkiness and allow for more flexibility. 
[bookmark: _Toc232400959]Injection Mould Considerations

[bookmark: _Toc232054905]Figure 6:Injection mould detailed diagram, (Groover, 2010)
An injection mould design is made of separate components that play their own unique role in creating the parts, these are:
· Nozzle
· Sprue
· Well
· Runner
· Gate
· Cavity
Which are then supported by the cooling channels and injector pins to complete the part. Runners are not necessary in this design as they are only needed with a one-piece cavity as they distribute material horizontally to multiple cavities, which there isn’t in this case. Therefore, the gating system in this context will just be nozzle → sprue → gate → cavity.
[bookmark: _Toc232400960]Nozzle
The nozzle is the where the injection moulding machinery meets the gating system and where material is first injected (Groover, 2010). To control pressure, temperature, and material direction accurately it is important to ensure your radius and orifice match that of the sprues to seal the injection (Rosato and Rosato, 1995). There are 2 main types of nozzles, a fixed nozzle is most used but has risks of stringing, drooling and leakage with low viscosity materials (MD Plastics, 2025). And a shut-off valve, this will reduce the risks associated with a fixed nozzle but with come with added maintenance and cost (MD Plastics, 2025). In this design a fixed nozzle will be used with a radius equal to the sprues and an orifice diameter just smaller than the sprues opening to ensure a sealed injection and consistent pressure. 
[bookmark: _Toc232400961]Sprue
The sprue is first part of the gating system that carries the material from the nozzle into the runners or directly into the gate (Groover, 2010). In this case it will be directly into the gate via a sprue gate. The sprue is a cone shaped funnel with a larger diameter at the bottom to allow for easier ejection. Usually, sprues will have a taper angel of roughly 1°-4° (Malloy, 1994).
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[bookmark: _Toc232054906]Figure 7:Graph showing anticipated fill time against total shot volume for sprue calculations (UWTSD, 2026)
Utilising the CAD model and simulation, we can determine that the volume of the part is 21221.19mm3 and has fill time of 0.31s. therefore we can say the small sprue diameter is 0.4mm using figure 7 and can then utilise equation 1 to calculate the larger sprue diameter. 
  
[bookmark: _Toc232054878]Equation 1:Sprue large diameter equation
Also knowing that the length of the sprue is also roughly equal to the thickness of the mould as shown in equation 2.

[bookmark: _Toc232054879]Equation 2: Thickness of the mould and sprue length relationship equation
  
We calculate the larger sprue diameter as 1.13mm, resulting in the sprue dimensions being 1.13mm at the bottom and 0.4mm at the top with a standard taper of 2° to account for the presence of TPU and length of 10.5mm. This now also determines the nozzles parameters for the orifice diameter. 
[bookmark: _Toc232400962]Gate
The gate is the melts points entry into the mould cavity (Malloy, 1994). In this design 2 options were considered in the design phase,  a central gate as seen in figure 9 and a top gate as seen in figure 8. A top gate supports the use of a simple two plate mould and is in a thicker part of the components for better fill (Rosato and Rosato, 1995). However, a top gate will need a runner system to direct the material from the sprue horizontally into the gate at the top of the mould, which will incur more cost. 
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[bookmark: _Toc232054907]Figure 8:Mobile phone case CAD model with top gate location
Whereas a central gate will allow for a direct sprue gate, a more balanced flow, and better natural venting (Malloy, 1994). With the gate located behind the phone, the residual plastic left over would be hidden, unlike the top gate where the residual plastic is likely to require post processing and cause annoyance to a customer. 
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[bookmark: _Toc232054908]Figure 9:Mobile phone case CAD model with central gate location
For these reasons, a central gate was the preferred design, however for robustness both were trailed at simulation phase to ensure that the outcome is what was intended at design. 
[bookmark: _Toc232400963]Ejection
The ejection system is essential for efficient production and reducing reliance on manual part removal. According to Rosato and Rosato, (1995), design factors such as draft angles, surface finish, aesthetics, undercuts, holes, and parting line strongly influence ejection performance. In this design, draft angles and fillets have been applied where appropriate to aid release, while holes are minimised and include suitable drafts and radii to further improve ejection (Groover, 2010). Additionally, the absence of strict surface finish or aesthetic requirements reduces the need for a complex ejector system.
[bookmark: _Toc232400964]Material Selection
Material selection is a critical aspect of DFM as it directly influences the mechanical performance, manufacturability, cost efficiency, and sustainability of the final product. For injection moulded components such as a mobile phone case, materials must be selected based on a combination of mechanical properties, processing characteristics, and end-use requirements. As highlighted by Malloy (1994), material selection should be guided by a defined “property profile” to ensure compatibility with both functional and manufacturing constraints. Using the graph displayed in figure 7 which shows compressive strength vs cost of material, two initial materials were selected and evaluated, Polycarbonate (PC) and Thermoplastic Polyurethane (TPU). 
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[bookmark: _Toc232054909]Figure 10:Graph showing volume per unit of compression strength against cost per unit of compressive strength (Ansys Granta, 2026)
A table was created with the most crucial material property characteristics and results compared between the two materials. The characteristics were chosen based on the company and customer needs from the product to ensure cost efficiency, impact resistance, durability, and heat transfer. 
[bookmark: _Toc232054899]Table 4:Material selection table with PC and TPU data (Ansys Granta, 2026)
	Property
	PC
	TPU

	Price (£/kg)
	2.7
	6.52

	Tensile Strength (MPa)
	67.5
	39.9

	Yield Strength (MPa)
	62.1
	39.9

	Hardness (Shore D)
	80
	32

	Youngs Modulus (GPa)
	2.38
	0.033

	Thermal Conductivity (W/m°C)
	0.2
	0.153


*Data from Ansys Granta for PC (high viscosity, moulding and extrusion) and TPU (Ether, aliphatic, Shore A80)
The results of the table show that PC has excellent impact resistance due to its high tensile and yield strength protecting it from drops and impacts. It also demonstrates it has good heat resistance and conductivity for heat transfer during use in hot weather and while charging to reduce damage to internal components. PC is also noted as excellent for use in injection moulding. And while its cost may not be as cheap as alternative plastics, it is reasonably priced for a highly engineered thermoplastic. However, PCs stiffness can make manufacturing difficult for snap fits and flexible products resulting in extra design work to ensure structural integrity.
In contrast, TPU is characterised by its high flexibility, abrasion resistance, and high energy absorption. The data demonstrates its ability to protect from impact and drops and good grip, as it can absorb shocks well and distribute stresses. TPUs flexibility also supports flexibility in manufacturing and assembly leading to better use of snap fits and flexible product, which are integral for a phone case. Unfortunately, TPU is an expensive material costing over double the raw material price of PC, leading to reduced cost efficiency. 
For these reasons, the ideal material would be a blend of PC and TPU using the rigid structure and strength of PC with the addition of high flexibility, shock absorption, and elasticity in TPU. This blend will ensure all characteristics required of the phone case are met for the customer, the raw material cost is kept at a reasonable point for a mid-market product, and manufacturability and DFM principles are kept.

[bookmark: _Toc232400965]Simulation and Validation
[bookmark: _Toc232400966]Fusion 360 Plastic Simulation Results
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[bookmark: _Toc232054910]Figure 11:Fill confidence for top and central gate locations simulation
Following the simulation only the centre gate simulation was analysed further as it was the more favourable design due to the location of the gate hiding the residual plastic. The simulation showed that this design would cause sink marks, weld lines, and warpage. According to (Rajalingam et al., 2016) possible fixes include reducing wall thickness, ensuring a uniform wall thickness throughout the component, and altering the injection location.
Following this, the design was altered to optimise the wall thickness to ensure its uniform throughout and reduce the wall thickness from 1.5mm to 1mm, figures 12 and 13 below show the changes as a cross section across the camera. The process settings were also altered from 220°C and 20°C to 250°C and 30°C to mitigate warpage. 
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[bookmark: _Toc232054911]Figure 12:Final CAD model cross-sectional image showing wall thickness
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[bookmark: _Toc232054912]Figure 13:Updated final CAD model cross-sectional image showing uniform wall thickness
The results of the simulation showed no sink marks, a reduction in weld lines and a reduction in warpage. The introduction of a uniform wall thickness and a lower overall thickness helped mitigate the sink marks. By moving the injection location further up in the design it held a higher injection pressure and flow front temperature behind the camera which ensured the flow fronts fused better. And the adjustments in process settings reduced warpage by over 1mm , however, post processing will be required to ensure this doesn’t affect the final product further. 
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[bookmark: _Toc232054913]Figure 14:Pre and post changes weld lines and sink marks simulation
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[bookmark: _Toc232054914]Figure 15:Pre and post changes warpage simulation
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[bookmark: _Toc232054915]Figure 16:Pre and post changes injection temperature simulation
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[bookmark: _Toc232054916]Figure 17:Pre and post changes injection pressure simulation
Although the design has now mitigated defects in design, it’s important to consider the effects of these changes. A thinner wall thickness could cause a reduction in the strength of the case and reduce the durability of the snap fit feature which is integral in a phone case. The increase in temperature during processing may have ensured a more consistent flow front, however, it will increase cooling time which increases cost.
[bookmark: _Toc232400967]Stress Analysis
A stress analysis was carried out in Fusion 360 to assess whether the phone case could withstand bending during fitment and removal. The simulation applied a fixed constraint at the top-left corner and a 1 N moment at the bottom-right corner to replicate real-use conditions. Results showed the case has sufficient strength to resist failure. Next would be to consider how to reduce excess material. While material reduction could lower costs, there are uncertainties around impact performance and injection moulding constraints by making the case thinner.
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[bookmark: _Toc232054917]Figure 18:Stress analysis simulation showing constraint and corner moment
[bookmark: _Toc232400968]Tolerance Discussion
A tolerance, as defined by Groover (2010) and Rosato & Rosato (1995), is the allowable variation from a specified dimension. Tolerances ensure components fit correctly, as no manufacturing process is perfectly accurate. However, overly tight tolerances can increase production costs, require specialised processes, and lead to higher scrap rates. Tolerances also apply to geometric features such as flatness, roundness, and straightness.
For a mobile phone case, tolerances are critical to ensure a secure fit, prevent warping, and maintain customer satisfaction. They also affect the performance of snap-fit features, where excessive or insufficient strength can make the product unusable. Effective tolerance selection ensures functionality while minimising costly design changes later in production.


[bookmark: _Toc232400969]Cost  Analysis
A cost analysis is essential to determine the profitability and cost efficiency of a product (Serope Kalpakjian, Schmid and K S Vijay Sekar, 2018). This analysis not only support business needs but is also an essential tool for making key engineering decisions with data and justification. The analysis below was conducted with various sources of data such as fusion 360 CAD model and simulation data, industry standard estimates for things like tooling costs and labour, and Ansys Granta for material cost estimates. The following equations were used and the final cost per piece was calculated. 
[bookmark: _Toc232400970]Material Cost
Estimated cost of a TPU-PC blend per kg is £4.50 and the mass per piece is 0.0255 kg (25.5g). Using equation 3 below we can see the cost per piece is: 
[bookmark: _Toc232054880]Equation 3:Cost per component


Therefore, the cost of material per piece is £0.115. This cost reflects the suitability of low-cost polymers such as PC and TPU for high-volume injection mould processing. To have a safety margin for cost, it is recommended to have a 5% material waste allowance to account for gating system material and scrap parts. Therefore, the material cost would be £0.115 per piece.
[bookmark: _Toc232400971]Equipment Cost
[bookmark: _Toc232054881]Equation 4:Cost rate of equipment
[image: ]
The equipment cost rate was calculated based on average injection moulding machine cost of £250,000, an expected service life of 10 years, a yearly operation of 3000 hours, and an industry standard annual 10% total cost allowance for maintenance. Using this information it was calculated:

This value demonstrates the per minute cost to operate the equipment and manufacture the product and the cost effectiveness of injection moulding as a manufacturing process. 
[bookmark: _Toc232400972]Cycle Time  
[bookmark: _Toc232054882]Equation 5:Cycle time per component
[image: ]
The Fusion 360 simulation determined a cycle time (Tₒ) of 4.27 s. The handling time (Tₕ) was estimated at 10 s to account for part release and removal by a technician or robot, slightly increased due to the snap‑fit features. No tool handling time is required (Tₜ = 0 s) as the mould remains unchanged and setup is completed prior to production. All values were then converted into minutes for subsequent calculations.

This value determines the total cycle time at 0.238m or 14.27s which is typically fast for injection moulding. This could possibly be due to the times coming from the Fusion 360 simulation where it may not account fully for the cooling and packing times necessary for the production. 
[bookmark: _Toc232400973]Batch Time
[bookmark: _Toc232054883]Equation 6:Time to complete each batch

The designated batch size (Qb) in this case was 10,000 pieces based off the products place in the market and estimated demands. The setup time (Tsu) was estimated at 30 minutes to account for cleaning, changing the mould, and setup of the machinery. 

This batch time translates into 40 hours and 10 minutes so roughly a standard working week. 
[bookmark: _Toc232400974]Production Time Per Piece
[bookmark: _Toc232054884]Equation 7:Average time to complete each component
[image: ]
This was calculated using the figures previously calculated section 6.4.

This estimates the average time it takes to produce each piece in a batch. Also, Tc ≈  Tp, this is because the setup time (Tsu) calculated in Tb is negligible over many pieces such as our batch size.
[bookmark: _Toc232400975]Production Rate
[bookmark: _Toc232054885]Equation 8:Average production rate per hour
[image: ]
This is calculated using production time per piece calculated above in section 6.5.

This figure is the number of parts roughly you could produce per hour of production. It also aligns with our total time to complete the batch as 249 pieces * 40 hours = 9960 pieces.
[bookmark: _Toc232400976]Cycle Rate
[bookmark: _Toc232054886]Equation 9:Average cycle rate per hour
[image: ]
This is calculated using the average cycle time calculated in section 6.3. 

This aligns with the Rp from section 6.6 which calculated pieces per hour, as one cycle produces one piece. 
[bookmark: _Toc232400977]Labour Rate
A business must consider where their production will take place when designing and manufacturing a part as location of production will dramatically influence cost, especially labour. The calculation below will demonstrate the UKs high labour and overhead rate. 
[bookmark: _Toc232054887]Equation 10:Labour rate per minute
[image: ]
The labour rate is calculated using average labour cost RH, which in this case is the UK national minimum wage of £12.71, and the labour overhead rate RLOH which on average is 30% in the UK.

This cost comes in at £0.275 per minute of production. In comparison, Chinas national minimum wage is £3.80 an hour according to Statista (2022). 

If production of this component were to take place in China, the labour rate would be £0.08 a minute, and that’s not accounting for the lower overhead rate or lower wage regions in the country as wages are controlled by each province. This demonstrates the importance of considering alternative locations for manufacturing. However, other costs would be associated with production elsewhere such as transport and logistics. 

[bookmark: _Toc232400978]Cell Operating Rate
[bookmark: _Toc232054888]Equation 11:Cell operating rate
[image: ]
This was calculated using the labour cost and equipment costs previously calculated in section 6.8 and 6.2, respectively. 

[bookmark: _Toc232400979]Tooling Cost
[bookmark: _Toc232054889]Equation 12:Tooling cost per part
[image: ]
An average tooling cost for a high-volume production tool was estimated at £20,000 and an industry standard of 500,000 pieces before needed replacing. 

This estimates the cost of tooling per piece if 500,000 pieces are manufactured. 
[bookmark: _Toc232400980]Cost Per Piece
[bookmark: _Toc232054890]Equation 13:Cost per component
[image: ]
The figure was calculated using the material cost Cm, cell operating cost Co, production time per piece Tp, and tooling cost Ct previously calculated. 

This determines the overall profitability of the project and whether the product is feasible to manufacture. 
[bookmark: _Toc232400981]Break Even Point
[bookmark: _Toc232054891]Equation 14:Break-even point
[image: ]
Assuming a £25 product price which is mid-market and using the fixed cost which is machinery and tooling and cost per part calculated before. 

This demonstrates the strong economic viability of the product and the injection moulding 
process and the rapid cost recovery. 
[bookmark: _Toc232400982]Manufacturing Comparison
For comparison, a 3D printer phone case was considered made of TPU using the same component design, labour cost, and overhead rate. 
A simple cost analysis was conducted where a print takes 2 hours, the material cost is £25/kg, the technician handling time would be 5 minutes, and the initial cost of the printer would be £5,000. 






The analysis estimates a 3D printed case cost (C3DPC) of £2.02, nearly eight times higher than injection moulding, making the latter the more economical option. While 3D printers have lower upfront and running costs, their production rate, geometry capability, and surface quality are inferior to injection moulding, often requiring controlled environments and post processing to ensure quality which adds cost (Bitonti, 2019).
However, 3D printing remains highly effective for prototyping due to its low initial investment and ability to implement rapid design changes without tooling modifications, supporting efficient product development before injection moulding (Bitonti, 2019).


[bookmark: _Toc232400984]Recyclability and Waste Reduction
Sustainability is an increasingly important consideration in modern product design and manufacturing (Hopewell, Dvorak and Kosior, 2009; Baird and Collias, 2014). The selection of materials and manufacturing processes must not only satisfy performance and cost requirements but also minimise environmental impact throughout the product lifecycle. Recyclability, material efficiency, and end-of-life considerations are critical aspects of Design for Manufacture (DFM) (Hopewell, Dvorak and Kosior, 2009).
PC and TPU are both thermoplastics that can be recycled through mechanical processing, where the material is re-melted and reprocessed into new products (Malloy, 1994). Their recyclability makes them suitable for high-volume manufacturing. However, material flow and contamination control is essential to ensure the recycled material keep their mechanical properties (European Commission, 2023). Repeated recycling of both materials also risks the loss of their mechanical properties over time, which can influence product performance. Despite these limitations, the use of partially recycled polymers can support reducing the environmental impact of products. 
A key challenge in this design is the use of multiple materials, as combining PC and TPU in a single product may complicate the recycling process. Mixed-material components often require separation before recycling, which can increase processing complexity and cost (Hopewell, Dvorak and Kosior, 2009). To address this, the design should aim to facilitate ease of disassembly (Battaïa et al., 2018). For example, use PCs structural rigidity in the skeleton of the case surrounded by TPU bumpers to take advantage of its shock absorption and elasticity. This not only would optimise design but also improve disassembly and recyclability. 
In addition to material selection, waste reduction during manufacturing is an important sustainability consideration. The use of a hot gating system or a single-cavity mould without a runner system minimises excess material waste, as only the sprue and gate require trimming (Malloy, 1994). Furthermore, any production scrap can be collected and reprocessed, reducing raw material consumption. Process optimisation, including efficient cooling channel design and reduced cycle times, also contributes to lower energy consumption during manufacturing.

[bookmark: _Toc232400985]Recommendations and Future Improvements
The design process incorporated many aspects of methodical engineering such as DFM and DFA principles in design and process. These considerations were taken into account to optimise the design for the most manufacturable and customer ready product possible. However, that’s not to say that some recommendations can be made for improvements for future products. 
A post‑mould cooling jig can reduce warpage and shrinkage after ejection by holding the case in its intended shape while it cools uniformly through controlled channels (Dabhi, 2019). This improves dimensional accuracy, reduces residual stress, and increases batch consistency (Dabhi, 2019). Although it adds tooling and cycle time costs, it may be justified for high‑volume production where the investment becomes negligible.
Another recommendation was use of a single material for different parts of the case rather than a blend polymer for the entire product. Not only would separating the materials decrease the products environmental impact and support disassembly, but it would also optimise the design by using a polymer such as PCs structural integrity while using something like TPU for the shock absorption on the bumpers and edges (Battaïa et al., 2018). 
And lastly, a more sophisticated simulation and validation could have taken place to ensure the robustness of the design. A more thorough investigation into material flow behaviour through the mould and cooling behaviour could further optimise the design and its efficiency or a more robust stress analysis through possibly simulating a drop test with the weight of a phone case would give me more confidence in design prior to manufacturing. 


[bookmark: _Toc232400986]Conclusion
This report demonstrates the successful design and optimisation of a mobile phone case for high-volume injection moulding through the application of DFM and DFA principles. The use of structured methodologies such as QFD, FMEA, DOE, and simulation tools enabled a systematic improvement of product performance, manufacturability, and cost efficiency (Sartor and Orzes, 2019).
The design was refined through iterative development informed by simulation, with key improvements including uniform wall thickness, optimised gate placement, and appropriate process parameters. These reduced common defects such as warpage, sink marks, and weld lines, highlighting the importance of applying DFM early in the design process (Malloy, 1994). DFA considerations, including simplified geometry, snap-fit features, and Poka-Yoke elements, further improved manufacturing efficiency and usability (Boothroyd, Dewhurst and Knight, 2002).
Material selection was critical in balancing performance and cost. The combination of PC and TPU provided suitable rigidity, flexibility, and impact resistance, though it introduced recyclability challenges that were addressed through design considerations (Ansys Granta, 2026a; 2026b).
Cost analysis confirmed injection moulding as economically viable for high-volume production, with a cost per part of approximately £0.26 and a production rate of around 249 units per hour. In comparison, additive manufacturing was significantly less cost-effective, reinforcing the suitability of injection moulding. Sustainability factors, including recyclability and waste reduction, were also considered.
Despite its strengths, limitations remain in controlling warpage and addressing environmental impacts. However, recommendations such as implementing a post-mould cooling jig and further optimisation of cooling and material strategies provide clear opportunities for improvement (Dabhi, 2019; Hopewell, Dvorak and Kosior, 2009).
Overall, the project meets the design requirements by delivering a component that is manufacturable at scale, cost-effective, and optimised for performance, while demonstrating the effective application of advanced engineering methods.
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