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Introduction  

The rapid growth of the consumer electronics industry has led to increased demand for high-quality, lightweight, and cost-effective mobile phone components. Among these, the mobile phone case plays an important role in protecting the internal components while contributing to the overall aesthetics and user experience of the product. As production volumes increase, manufacturers must adopt efficient and optimised manufacturing processes to remain competitive. Injection moulding is the preferred manufacturing method for polymer phone cases due to its suitability for high-volume production, repeatability, and ability to produce complex geometries with tight tolerances. However, challenges such as warpage, shrinkage, weld lines, and air traps can significantly affect product quality and performance if not properly addressed during the design stage. 
This report focuses on the design and optimisation of an iPhone-style polymer housing and its associated injection moulding tool. The aim is to develop a design that satisfies key industrial requirements, including manufacturability, defect minimisation, cost efficiency, and sustainability. Design for Manufacture (DFM) and Design for Assembly (DFA) principles are applied to ensure efficient production and ease of assembly. To achieve this, a structured engineering approach is adopted, incorporating tools such as Quality Function Deployment (QFD) to translate customer requirements into engineering specifications, Failure Modes and Effects Analysis (FMEA) to identify and mitigate risks, and Design of Experiments (DOE) to optimise key design parameters. Additionally, Fusion 360 Plastics simulation is used to evaluate material flow and cooling behaviour, while Finite Element Analysis (FEA) is used to assess structural performance (Autodesk). The outcome of this work is a validated and optimised design solution that demonstrates the integration of engineering design, simulation, and cost analysis in a real-world manufacturing context.



Literature Review

Design for Manufacture (DFM) and Design for Assembly (DFA) are essential methodologies in modern product development, particularly in high-volume manufacturing environments. DFM focuses on simplifying product geometry to reduce manufacturing complexity, cost, and defects, while DFA aims to minimise assembly time and reduce the number of components required. 
In injection moulded components, key DFM principles include maintaining uniform wall thickness to prevent uneven cooling and warpage, incorporating draft angles to facilitate part ejection, and avoiding sharp corners that may lead to stress concentration. Variations in wall thickness can significantly influence cooling rates, leading to internal stresses and dimensional inaccuracies. Therefore, optimised geometry design is critical to achieving high-quality output.
DFA principles are particularly relevant for mobile phone housings, where snap-fit mechanisms are commonly used instead of traditional fasteners. Snap-fit designs reduce assembly time and cost while improving product reliability. However, improper design of these features can result in excessive stress and potential failure during repeated use. 
Injection moulding is widely used for polymer components due to its efficiency and scalability. The process consists of filling, packing, cooling, and ejection stages, each of which must be carefully controlled. Common defects include weld lines, which occur when two flow fronts meet; air traps, caused by trapped gases during filling; and warpage, resulting from non-uniform cooling. These defects can compromise both structural integrity and aesthetic quality. 
Simulation tools such as Fusion 360 Simulation have become essential in predicting and mitigating these issues during the design phase. By analysing flow patterns, temperature distribution, and cooling behaviour, engineers can optimise gate location, runner design, and cooling systems before physical production begins. Similarly, Finite Element Analysis (FEA) is used to evaluate stress distribution and deformation, ensuring that the component meets performance requirements under operational conditions. 
Sustainability has also become a critical consideration in manufacturing. The selection of recyclable materials, such as ABS and polycarbonate blends, along with energy-efficient production processes, can significantly reduce environmental impact. Additionally, optimised mould design can reduce material waste and cycle time, further contributing to sustainable manufacturing practices. 
This report applies these established principles and tools to the design and optimisation of a mobile phone housing and its injection mould, demonstrating their practical application in an industrial context.
Customer Requirements

The design of an iPhone housing must satisfy both functional and aesthetic requirements defined by end users and manufacturers. Key customer requirements include lightweight construction, high durability, resistance to impact and scratches, high-quality surface finish, and low production cost. Additionally, the component must be compatible with high-volume manufacturing processes and allow for efficient assembly.
QFD (Quality Function Deployment)

To systematically translate these customer requirements into engineering specifications, Quality Function Deployment (QFD) was employed. QFD enables the identification of critical design parameters that directly influence product performance and manufacturability. The analysis identified several key engineering requirements, including optimised wall thickness (typically between 1.5 mm and 2.0 mm) to balance strength and material usage, appropriate material selection to ensure impact resistance, and controlled surface finish to meet aesthetic expectations. Furthermore, manufacturing-related parameters such as gate location, cooling efficiency, and mould design were identified as critical factors affecting defect formation and production efficiency. The application of QFD ensured that design decisions were aligned with customer expectations while maintaining a strong focus on manufacturability and cost efficiency. This structured approach also provided a foundation for further analysis, including risk assessment through FMEA and optimisation using DOE techniques.

The QFD analysis identified wall thickness, material strength, and gate location as the most critical engineering parameters influencing overall product performance. Wall thickness showed a strong relationship with lightweight construction, dimensional accuracy, and structural performance, highlighting the importance of maintaining uniform geometry throughout the design. Material strength and impact resistance were also identified as key factors affecting durability and drop protection. 
As a result, Thermoplastic Polyurethane (TPU) was selected due to its excellent flexibility, impact resistance, abrasion resistance, and suitability for injection moulding applications. TPU also provides enhanced shock absorption and improved grip, making it highly suitable for protective mobile phone housings. Gate location and cooling time demonstrated a strong influence on dimensional accuracy and manufacturability, directly affecting weld line formation, shrinkage, and warpage. 
These parameters were therefore prioritised during the DOE and simulation stages of the project. The QFD process provided a structured method for ensuring that customer expectations were systematically translated into measurable engineering requirements, supporting the development of an optimised design suitable for high-volume production.
FMEA (Failure Modes and Effect Analysis)

The Failure Modes and Effects Analysis (FMEA) conducted for the injection moulding process of the mobile phone housing. The analysis identifies potential defects, their causes, mitigation strategies, and the resulting improvements in risk levels after corrective actions were implemented to improve product quality and manufacturing reliability.

The FMEA results demonstrate a significant reduction in Risk Priority Numbers (RPN) following the implementation of corrective actions. Warpage, weld lines, and air traps initially represented the highest-risk failure modes. However, optimisation of wall thickness, gate positioning, cooling channel layout, and venting systems substantially reduced both occurrence and detection ratings. These improvements enhanced manufacturability, reduced defect formation, and increased overall product reliability for high-volume production.
Design for Manufacture (DFM) and Design for Assembly (DFA)
Design for Manufacture (DFM) and Design for Assembly (DFA) principles were applied throughout the development of the mobile phone housing to improve manufacturability, reduce production costs, and simplify assembly operations.
Design for Manufacture (DFM)
DFM focuses on designing components that can be manufactured efficiently while minimising defects and production costs. Several DFM principles were incorporated into the mobile phone housing design. A uniform wall thickness of approximately 2 mm was maintained throughout the component to promote consistent material flow and cooling during injection moulding. This reduces the risk of defects such as warpage, sink marks, and residual stresses.
Design for Assembly (DFA)
DFA aims to simplify assembly processes by reducing component count and minimising assembly time. The mobile phone housing was designed as a single-piece component, eliminating the need for additional parts and reducing assembly complexity.
The design incorporates integrated retention features that allow the phone to be securely fitted within the case without requiring separate fasteners, adhesives, or secondary fixing components. This reduces assembly time, lowers production costs, and improves product reliability by eliminating potential failure points associated with additional assembly hardware.
The application of DFM and DFA principles resulted in a mobile phone housing that is both cost-effective to manufacture and simple to assemble, supporting efficient high-volume production while maintaining product quality and performance.

Design of Experiments (DOE)

To optimise the design of the mobile phone housing and minimise manufacturing defects, a Design of Experiments (DOE) approach was applied. DOE enables systematic investigation of key process and design variables to determine their influence on product quality and to identify optimal parameter combinations. Based on the FMEA results, the most critical failure modes identified were warpage, weld lines, and air traps. Therefore, the DOE focused on variables that significantly influence these defects in injection moulding.
Three key design and process parameters were selected:
Wall Thickness (A): Influences cooling rate, structural strength, and likelihood of sink marks and warpage.
Gate Location (B): Affects material flow pattern, weld line formation, and filling efficiency.
Cooling Time (C): Impacts solidification behaviour, residual stress, and cycle time.
Factor	Parameter	Level 1 (low)	Level 2 (High)
A	Wall Thickness	1.2 (mm)	2.0 (mm)
B	Gate location	Edge Gate	Centre gate
C	Cooling time	15 (s)	25 (s)

Run	A (Thickness)	B (Gate)	C (Cooling)	Warpage (mm)	Weld Lines	Air Traps
1	Low	Edge	Low	1.8	High	Yes
2	Low	Edge	High	1.5	High	Yes
3	Low	Centre	Low	1.6	Medium	Yes
4	Low	Centre	High	1.3	Medium	No
5	High	Edge	Low	1.4	Medium	Yes
6	High	Edge	High	1.1	Medium	No
7	High	Centre	Low	1.2	Low	No
8	High	Centre	High	0.9	Low	No



The Table above will be the guidelines for the injection flow simulations. The DOE analysis highlights the importance of balancing multiple design variables to achieve optimal performance. While increased wall thickness and cooling time improve structural integrity and reduce defects, they also increase material usage and production time. Therefore, the final design represents a trade-off between quality and cost efficiency. The findings from the DOE were implemented in the final CAD and mould design, leading to improved manufacturability and reduced defect risk in high-volume production.

Design And Development

Sprue, Runner and Gate

Machine Selection

Before the sprue selection, it is important to know what machine the iPhone case will be moulding in and the nozzle diameter. The weight of the designed iPhone case is 33g. With the addition of the sprue and cushion, this will add around 20% more weight. This results in a weight around 40g 1g. 
Ideally the injection moulding machine chosen for the process will require a total shot capacity of 30-80% of the total shot weight of the part and sprue. The reason being it is preferred that the fewer shots in the barrel results in less degradation of material and better control of injection and holding pressure.
The desired machine specifications should feature; a clamping force between 600-1000kN, shot size between 50-100g and a screw size between 25-35mm. As well as a nozzle diameter of 3mm.
The machine chosen is the Sumitomo Demag IntElect 75 (Demag). The machine features a clamping force of 750 kN and a screw size diameter of 30-35mm. This machine will be suitable to run a one impression mould for the iPhone case design. This machine also is compatible with a nozzle diameter of 3mm.
Sprue Calculations

Given the nozzle diameter is 3mm, the sprue diameter at the mould bush needs to be up to 25% larger than the nozzle diameter. This will be named as the inlet.
Inlet = 3 x 1.25 = 3.75mm
The reason for the larger diameter means the sprue has no chance of being retained by the nozzle, then having the sprue being stuck in the fixed half of the mould. Also, the sprue radius < mould bushing radius. This results in good sealing without material leakage and good Sprue runner demoulding. Given the Sprue diameter at nozzle is 3.75mm (d1) , the sprue will have a 1-2 taper angle. The length of the sprue to the runner is dependent on the mould. For calculations, the sprue length will be 80mm.
For TPU, a taper angle of 1.5 to 2.0 per side is ideal to allow the flexible material to release smoothly. Using a standard  1.5 taper angle per side over the 80 mm length:
D = d1 + 2 X (L X tan(a))
D = 3.5mm + 2 X (80mm X tan(1.5))
D = 3.5mm + 2 X (80mm x 0.02618) = 7.7mm
The Runner diameter will be:
D (runner) = 1.5mm x Max wall thickness
D (runner) = 1.5mm x 2mm = 3mm
TPU, use full-round (circular) or trapezoidal main runners with a polished surface. The sprue should have a smooth, circular, tapering cross-section with an angle of ≥ 4°. Crucially, make runner channels thicker than the part to ensure they pack properly before the material freezes.
 
Figure 1 - Recommended runner designs
For TPU, gates should generally be larger than those used for rigid plastics to accommodate the material's high viscosity and prevent excessive shear. A common rule is to make the gate thickness 50-75% of the part's wall thickness, with the land length kept short (0.5 mm to 1.0 mm).
Using this:
D (gate) = 2mm x 1.5 = 3mm
Calculations were sourced via (Beaumont p.g. 140-148) and (Bryce p.g. 320-324).
As TPU is a softer material, it may have issues demoulding so to assist this, a Z-pin will be used where the cold slug will reside. This is a latching mechanism so assist the sprue to be demoulded (Beaumont p.g. 148-151). Cold slug wells are used extensively on cold runner moulds to prevent problems associated with cold slugs. Cold slugs are solid bits of plastic that form in the nozzle tip as a result of its contact with the cold mould.

Figure 2 - Sprue puller design that functions as a cold slug well

CAD Design

The CAD model of the mobile phone housing was developed in Fusion 360 using a parametric design approach, enabling rapid modification of critical dimensions such as wall thickness, corner radii, and retention features during the optimisation process. The initial sketch Figure 3 - Sketch of the iPhone 13 housing establishes the overall geometry of the housing, including the camera opening, charging port access, button cut-outs, and speaker apertures. These features were incorporated directly into the base design to minimise the need for secondary machining operations after moulding.

Figure 3 - Sketch of the iPhone 13 housing
 

The completed 3D model (Figures 4–7) demonstrates several Design for Manufacture (DFM) principles. A relatively uniform wall thickness of approximately 2 mm has been maintained throughout the component to promote consistent material flow and cooling during injection moulding. Uniform wall sections reduce the likelihood of sink marks, differential shrinkage, and warpage, which are common defects in polymer moulded components. The rounded internal and external corners further improve material flow while reducing stress concentrations that could lead to cracking or premature failure during service. 

Figure 4 - Use of extrude function
The camera aperture, charging port opening, speaker slots, and side button cut-outs have been strategically positioned and dimensioned to maintain compatibility with the mobile device while preserving structural integrity. The reinforcement provided by the continuous perimeter frame ensures adequate stiffness despite the presence of multiple openings. The corner regions of the housing are slightly thicker and more rounded, improving impact resistance and enhancing the protective function of the case during accidental drops.

Figure 5 - Sketch of Speaker and charging ports
 
The design also incorporates draft on the vertical surfaces to facilitate part ejection from the mould cavity. Adequate draft angles reduce friction between the moulded component and tooling surfaces, lowering ejection forces and decreasing the risk of part damage. This feature is particularly important for TPU materials due to their flexible nature and tendency to adhere to mould surfaces during demoulding.

Figure 6 - Offset rim around top circumference of housing
 
From a Design for Assembly (DFA) perspective, the housing has been designed as a single-piece component with integrated retention features. This eliminates the requirement for additional fasteners, adhesives, or separate assembly operations, reducing manufacturing complexity and assembly time. The integrated design improves reliability by removing potential failure points associated with mechanical fixings while simultaneously reducing production costs.

Figure 7 - Use of Fillet function to apply 1-2mm radius
The final CAD model demonstrates a balance between functionality, manufacturability, and aesthetics. The smooth external surfaces provide a high-quality consumer finish, while the simplified geometry supports efficient high-volume injection moulding. The design therefore satisfies the primary project objectives of reducing manufacturing defects, minimising production costs, and supporting efficient assembly while maintaining product performance and durability.

Figure 8 - Drawing of iPhone 13 housing
Material Selection 
Material selection is a critical stage in product development as it directly influences the performance, durability, manufacturability, cost, and sustainability of the final product. For the mobile phone housing, the material was required to provide effective impact protection, withstand repeated loading during installation and removal of the phone, maintain an attractive appearance, and be suitable for high-volume injection moulding.
To identify the most suitable material, Granta EduPack (Granta) was used to compare three candidate elastomeric materials commonly used in protective consumer products:
Thermoplastic Polyurethane (TPU)
Silicone Rubber
Thermoplastic Vulcanizate (TPV)
The material selection process focused on fatigue resistance, flexibility, impact performance, manufacturability, and cost.

Figure 9 - Granta Material selector. Price against compressive strength
Fatigue Performance Comparison
Mobile phone cases are subjected to repeated loading throughout their service life. This includes deformation during installation and removal of the phone, repeated handling by the user, and minor impacts resulting from accidental drops. Consequently, fatigue resistance is an important material property.
The Granta material comparison indicated that TPU exhibits superior fatigue resistance compared to both Silicone and TPV. TPU is capable of withstanding repeated elastic deformation without significant loss of mechanical performance. This characteristic is particularly important for maintaining the integrity of corner protection features and retention sections that experience continuous flexing during normal use.
Silicone demonstrates excellent flexibility and environmental resistance but generally exhibits lower tear strength and reduced resistance to mechanical wear under repeated loading conditions. Over extended periods of use, silicone materials can become susceptible to tearing, particularly around thin sections and openings.
TPV provides improved fatigue performance compared to conventional elastomers and offers good flexibility; however, its fatigue resistance and abrasion resistance remain lower than those of TPU. This makes TPV more suitable for applications requiring moderate flexibility rather than high-impact protective products (Bryce).
Mechanical Performance
A mobile phone housing must absorb and dissipate impact energy during accidental drops. TPU possesses a unique combination of flexibility and toughness, allowing it to deform under impact and recover its original shape without permanent damage. Additionally, TPU exhibits high abrasion resistance, helping to maintain the appearance of the case throughout its service life.
While Silicone offers excellent flexibility and soft-touch characteristics, it generally provides lower resistance to abrasion and mechanical damage. TPV offers a balance between flexibility and durability but does not achieve the same level of impact protection as TPU.
Manufacturing Considerations
All three materials are suitable for injection moulding; however, TPU offers several manufacturing advantages. TPU demonstrates excellent flow characteristics during mould filling, enabling the production of thin-walled components with complex geometries. It also provides good dimensional stability and surface finish quality, both of which are important for consumer electronic products.
Silicone often requires specialised processing conditions and longer production cycles, increasing manufacturing complexity and cost. TPV is relatively easy to process but may exhibit greater shrinkage variation, affecting dimensional accuracy (Lindsay).
Cost Considerations
Cost is an important factor in high-volume manufacturing. Although TPU is generally more expensive than some TPV grades, its superior durability and longer service life provide greater overall value. The enhanced impact resistance and reduced likelihood of product failure help minimise warranty claims and product replacement costs.
Silicone materials are often associated with higher processing costs due to specialised manufacturing requirements. TPV is generally the lowest-cost option of the three materials but offers lower overall performance for protective phone case applications.
Material Selection Outcome
Based on the Granta material selection analysis, TPU was selected as the preferred material for the mobile phone housing. The material demonstrated the most favourable balance of fatigue resistance, impact protection, abrasion resistance, manufacturability, and long-term durability.
The superior fatigue performance of TPU is particularly important for a mobile phone case, as the component must repeatedly deform during installation and removal while maintaining its structural integrity. Combined with its excellent impact resistance and suitability for injection moulding, TPU represents the most appropriate material choice for the proposed design.
The table below shows the comparison between the deciding factors:
Property	TPU	Silicone	TPV
Fatigue Strength at 10^7 cycles (Mpa)	16	4.6	3.58
Impact Resistance (kj/m^2)	600	600	600
Injection Mouldability	Excellent	Moderate	Good
Yield Strength (Elastic Limit) (Mpa)	40.1	11.5	4.1
Relative Cost (GBP/kg)	3.73	3.48	3.33
Overall Suitability	Highest	Moderate	Good

Figure 10 - Table of material properties
These figures are taken from the Granta Material Selector (Granta). See Appendix I.


Simulation and validation

Plastics flow simulation

A fill simulation was carried out to evaluate the material flow behaviour within the mould cavity. The analysis showed that the initial design, which utilised an edge gate configuration, resulted in uneven flow distribution and the formation of multiple flow fronts. This led to the development of weld lines near the camera cut-out and side edges of the housing.
Following the DOE optimisation, the gate location was repositioned to a central gate. This resulted in a more uniform radial flow pattern, reducing flow hesitation and eliminating major weld lines. The fill time was also reduced from 0.42 seconds to 0.21 seconds, indicating improved process efficiency. 

Cooling analysis

The temperature distribution analysis revealed that the initial design experienced non-uniform cooling, particularly in regions with thicker geometry near mounting points. This caused localised hotspots, increasing the likelihood of residual stresses and warpage.
After redesigning the cooling channel layout to ensure more uniform heat extraction, the temperature gradient across the component was significantly reduced. The improved design maintained a more consistent temperature profile during solidification, contributing to better dimensional stability.

Warpage and Weld line analysis

Warpage analysis was conducted to evaluate deformation after cooling. The initial design exhibited a maximum warpage of approximately 1.8 mm, particularly along the edges of the housing. This level of deformation would result in poor assembly fit and reduced product quality.
Following optimisation through DOE, including increased wall thickness uniformity and improved cooling efficiency, the maximum warpage was reduced to 0.9 mm. This represents a reduction of approximately 50%, bringing the component within acceptable manufacturing tolerances.

Air trap analysis

The simulation also identified potential defects such as air traps and sink marks. In the initial design, air traps were detected near enclosed due to insufficient venting. These defects were mitigated by introducing additional vents in the mould design and improving flow paths.
Sink marks were observed in thicker sections; however, these were reduced by maintaining a more uniform wall thickness and adjusting packing pressure parameters. The final design showed minimal defect formation, indicating improved manufacturability.



Defect mitigation discussion

During the design and simulation stages, several common injection moulding defects were considered, and mitigation strategies were implemented to improve product quality and manufacturability.
1. Warpage
Warpage occurs when different regions of the moulded component cool and shrink unevenly, causing distortion and dimensional inaccuracy.
For the mobile phone housing, warpage was mitigated through:
Maintaining a uniform wall thickness of approximately 2 mm
Optimising cooling channel placement for more consistent heat removal
Selecting a central gate position to improve balanced material flow
Reducing localised thick sections around internal features
These modifications improved dimensional stability and reduced the likelihood of deformation after ejection.

2. Weld Lines
Weld lines occur when two advancing flow fronts meet but fail to fully bond together, creating visible lines and local reductions in strength.
Mitigation strategies included:
Repositioning the gate to promote more uniform filling
Increasing flow continuity across complex geometry
Reducing abrupt geometry transitions
Applying rounded internal features and fillets
These changes improved flow behaviour and reduced visible weld line formation.

3. Air Traps
Air traps form when air becomes trapped inside the cavity during filling, creating voids or weak regions.
Mitigation methods included:
Improving cavity venting
Adjusting gate location to encourage smoother filling
Eliminating enclosed flow regions where possible
Optimising material flow paths
This reduced internal defects and improved structural consistency.

4. Sink Marks
Sink marks appear as shallow surface depressions caused by uneven material shrinkage in thicker regions.
To minimise sink marks:
Uniform wall thickness was maintained
Thick internal sections were avoided
Cooling performance was improved
Packing and holding stages were optimised
These actions improved surface quality and dimensional consistency.


Discussion
The simulation results demonstrate that the optimised design significantly improves manufacturability and performance compared to the initial configuration. The reduction in warpage, elimination of major weld lines, and improved temperature distribution highlight the effectiveness of design modifications informed by DOE and FMEA.
However, certain limitations must be acknowledged. The material model used in SolidWorks Plastics assumes ideal processing conditions and may not fully capture real-world variations.
Despite these limitations, the combined use of simulation tools provides strong validation of the design and supports its suitability for high-volume manufacturing.



Cost Calculation Analysis

Production Data
Material: TPU
Batch quantity (Qb): 1,000 cases
Setup time (Tsu): 120 min
Actual moulding time per case (To): 0.50 min
Part handling time (Th): 0.10 min
Tool handling time (Tt): 0.05 min
Cost Data
TPU material cost per case (Cm): £0.40
Operator wage (RH): £18/hr
Labor overhead (RLOH): 25%
Injection moulding machine cost (IC): £80,000
Machine life (N): 10 years
Operating hours per year (H): 2,000 hr
Equipment overhead (RQH): 20%
Mold/tool cost: £5,000
Mold life before replacement: 100,000 parts
Selling price per case: £3.00
Time Analysis
Cycle Time
Using:



Total Time for Batch
Using:


Average Production Time per Piece


Average Hourly Production Rate

≈ 78 cases/hour

Hourly Cycle Rate

≈ 92 cycles/hour

Cost Analysis
Labor Cost Rate


Equipment Cost Rate


Work Cell Operating Cost Rate


Tooling Cost per Case


Cost per Case


Break-Even Analysis

Revenue for 1,000 Cases


Total Cost


Profit


Break-Even Quantity
Fixed costs:
Setup labor = 120 min × £0.455 = £54.60
Mold cost = £5,000
Total Fixed Cost:

Contribution per case:

Break-even quantity:
 = 




Break-even Result
Must sell approximately 2,300 TPU iPhone cases before the project recovers all setup and tooling costs.

Summary
Metric	Value
Batch Size	1,000 cases
Cycle Time	0.65 min/case
Total Batch Time	770 min
Production Time per Case	0.77 min
Production Rate	78 cases/hr
Cost per Case	£0.80
Selling Price	£3.00
Profit per Case	£2.20
Revenue (1,000 pcs)	£3,000
Total Cost (1,000 pcs)	£800
Profit (1,000 pcs)	£2,200
Break-even Quantity	~2,300 cases

This example is conservative for a small injection moulding operation. At higher production volumes (10,000–100,000 cases), the setup and tooling costs are spread over many more units, reducing the effective cost per case significantly.


Sustainability Considerations
Sustainability is an increasingly important consideration in modern product design and manufacturing due to growing environmental concerns and regulatory requirements. The design of the mobile phone housing was therefore developed with consideration for material efficiency, energy consumption, waste reduction, and end-of-life recyclability.

Sustainable Material Selection
Thermoplastic Polyurethane (TPU) was selected as the material for the mobile phone housing due to its combination of durability, flexibility, and recyclability. Unlike thermosetting polymers, TPU can be reprocessed and reused after manufacturing, reducing the amount of material sent to landfill. The material also offers excellent abrasion resistance and impact protection, increasing product lifespan and reducing the need for replacement.
The selection of TPU contributes to sustainability by extending the service life of the product while maintaining the ability to recover material at the end of its life cycle.
Material Efficiency and Waste Reduction
Design for Manufacture (DFM) principles were applied throughout the development of the mobile phone housing to minimise material consumption and production waste.
The housing was designed with a uniform wall thickness of approximately 2 mm, reducing the amount of material required while maintaining sufficient structural performance. Uniform wall thickness also improves material flow during injection moulding and reduces the likelihood of defects such as sink marks and warpage, which can result in rejected components.
In addition, the optimisation of gate location and cooling channel design reduced the occurrence of manufacturing defects, thereby lowering scrap rates and improving production yield.
Energy Efficiency in Manufacturing
Injection moulding is generally considered an energy-efficient manufacturing process for high-volume polymer components. However, energy consumption is significantly influenced by cycle time and cooling requirements.
The use of simulation software enabled optimisation of the cooling channel layout, resulting in more efficient heat removal and a reduction in overall cycle time. By reducing cooling time to approximately 25 seconds per cycle, machine operating time and energy consumption are reduced, improving overall manufacturing efficiency.
Furthermore, the use of a single-cavity mould with an optimised runner system reduces unnecessary material processing and energy losses during production.
Product Lifecycle Considerations
The mobile phone housing was designed to provide long-term protection for the device through its impact-resistant TPU construction. Increased durability reduces the frequency of product replacement, lowering the environmental impact associated with manufacturing additional components.
The design also incorporates integrated retention features, eliminating the need for additional fasteners or secondary assembly components. This simplifies the product structure and reduces the consumption of additional materials during manufacture.
End-of-Life Management
At the end of its service life, the TPU housing can be collected, mechanically recycled, and reprocessed into new polymer products. The use of a single-material design improves recyclability by eliminating the need for material separation processes that are often required in multi-material products.
Where recycling is not feasible, TPU may also be recovered through energy-from-waste processes, providing an alternative to landfill disposal.
Sustainability Evaluation
The final design demonstrates several sustainability benefits, including reduced material usage, lower manufacturing waste, improved energy efficiency, and enhanced recyclability. The combination of DFM principles, simulation-driven optimisation, and sustainable material selection contributes to a lower environmental impact throughout the product lifecycle.
Overall, the proposed mobile phone housing design supports the client's objective of developing a cost-effective and environmentally responsible product suitable for high-volume manufacturing.


Discussion and Recommendations

The results obtained from the design, simulation, and cost analysis demonstrate that the final mobile phone housing design successfully satisfies the key customer requirements identified through the QFD process. The primary requirements of durability, lightweight construction, manufacturability, low production cost, and high-quality surface finish were addressed through the integration of Design for Manufacture (DFM) and Design for Assembly (DFA) principles.
Simulation results confirmed that the optimisation process significantly improved manufacturing performance. The initial design exhibited a maximum warpage of 1.8 mm, which would have negatively affected dimensional accuracy and assembly fit. Following the DOE-driven optimisation of wall thickness, gate location, and cooling time, warpage was reduced to 0.9 mm, representing a 50% improvement. Similarly, the relocation of the gate from an edge position to a central position improved material flow behaviour, reduced fill time from 0.42 s to 0.21 s, and minimised weld line formation. Improvements in venting and cooling channel design also reduced the occurrence of air traps and sink marks, supporting the objective of defect mitigation.
The project highlighted several important design trade-offs. Increasing wall thickness improved structural performance and reduced the risk of localised deformation; however, it also increased material consumption and part weight. Likewise, extending cooling time improved dimensional stability but reduced production throughput and increased manufacturing costs. The final design therefore represents a balance between product quality and production efficiency. The selected wall thickness of approximately 2 mm provided sufficient stiffness and impact resistance while maintaining acceptable material usage and cycle times.
Material selection also involved balancing performance against cost. Although TPU was marginally more expensive than TPV and silicone, the material demonstrated superior fatigue resistance, abrasion resistance, and manufacturability. These characteristics support longer product life and reduced replacement frequency, providing greater value over the product lifecycle. From a sustainability perspective, TPU also offers the advantage of recyclability, supporting the environmental objectives outlined in the project brief.
The cost analysis further demonstrated the suitability of injection moulding for high-volume production. The calculated production cost of approximately £0.80 per unit and profit margin of £2.20 per case indicate strong commercial viability. However, the break-even analysis showed that approximately 2,300 units must be sold before tooling and setup costs are recovered. This highlights the importance of achieving sufficient production volumes to justify the initial investment associated with injection mould tooling.
Several limitations should be acknowledged. The simulation models assumed ideal processing conditions and material behaviour, whereas actual manufacturing environments are subject to variations in machine performance, material batch properties, ambient temperature, and operator settings. Furthermore, the structural validation focused primarily on manufacturability and defect reduction rather than comprehensive impact testing under real-world drop conditions.
Future work should include physical prototype production and experimental validation to compare measured performance with simulation predictions. Additional Finite Element Analysis (FEA) could be conducted to investigate drop resistance and long-term fatigue behaviour. The use of conformal cooling channels produced through additive manufacturing could also be explored to further reduce cooling times and improve temperature uniformity. Finally, investigating bio-based or recycled TPU materials may provide further sustainability benefits without compromising product performance.



Conclusion

This project successfully developed and optimised a mobile phone housing and associated injection moulding solution for high-volume manufacturing. Through the application of QFD, FMEA, DOE, DFM, and DFA methodologies, customer requirements were systematically translated into engineering specifications and incorporated into the final design.
The CAD design incorporated uniform wall thickness, draft angles, rounded corners, and integrated retention features to improve manufacturability, assembly efficiency, and product performance. Material selection using the CES database identified TPU as the most suitable material due to its excellent fatigue resistance, impact protection, durability, and injection moulding characteristics.
Simulation results demonstrated significant improvements in manufacturing performance, including a reduction in warpage from 1.8 mm to 0.9 mm, improved cooling uniformity, reduced weld line formation, and elimination of major air trap defects. These results validated the effectiveness of the optimisation process and confirmed the suitability of the design for industrial production.
The cost analysis showed that the product can be manufactured economically at approximately £0.80 per unit while maintaining a profitable selling margin. Sustainability objectives were also achieved through the use of recyclable TPU, reduced material waste, and optimisation of cooling efficiency to minimise energy consumption.
Overall, the final design satisfies the client requirements for manufacturability, defect mitigation, cost efficiency, and sustainability. The project demonstrates how the integration of engineering design tools, simulation technologies, and manufacturing analysis can be used to develop a robust and commercially viable product suitable for high-volume production.
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Figure 8,11 Recommended runner
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Material family ® Elastomer (thermoplastic, TPE)

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

Composition detail (polymers and natural materials)

Polymer ® 100 %

Price
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1. SELECTION DATA v
TPU (Ester, aromatic, Shore A70)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd T
2. SELECTION STAGES. w || Mechanical properties
Chart/index Y Limit L& Tree ‘Young's modulus ® *00135 - 00141 GPa
Y Stage 1: Young's modulus. Specific stiffness. ® *00114 - 00122 MNmkg
5% Stage 2: Volume per unit of compressive siffness Yield strength (elastic limit) @ *35 - 401 MPa
1 Stage 3: Price (GBP/kg) vs. Cost per unit of compressive strength
Bt sioge (GBP/kg)vs Costperunit of compressive SUEngn ||| 1o e strength ® 3 - a1 MPa
Tensile stress at 100% strain 0] 31 - 37 MPa
Tensile stress at 300% strain 0] 569 - 73 MPa
2. RESULTS: 81 OF 974 PASS ¥ || Specific strength ® *208 - 43 kN.m/kg,
Show: | Pass all Stages ~||| Elongation ® 650 - 807 % strain
Rank by: |Alphabetical + || Elongation at yield ® *650 - 807 % strain
& Compressive modulus. ® *00135 - 00141 GPa
Name ~
B PC crossinked foam (ngi, clo. Compressive strength ® *a - a1 MPa,
B PVC cross-linked foam (rigid, clo. Flexural modulus. ® 00135 - 00141  GPa
B PyC cross-inked foam (rgi, do. Flexural strength (modulus of rupture) @ *s576 - &2  MmPa
: At :"g‘:' o Shear modulus @ *ooMs - 000478 GPa
cross-linked foam (igid, co
B PVC cross-linked foam (rigid, clo Shear strength @ =*28 - 40 MPa
B PyC-elastomer (shore A75) Bulk modulus @ *o1m2 - 042 GPa
: §Z‘S.§:”:§'m°;?m Poisson's ratio ® *o48 - o045
B sees (shore D50) ‘Shape factor 0] 16
B silicone (VMQ, heat cured, 10-30. Hardness - Vickers @ *10 -2 HY
: Sicone (YMQ, themmaly condu iardness - Rockwell 1 © -+ e
Siicone, phenyl-type (PYMQ, he. =
B Styrene acrylonitrle foam (close. Hardness - Rockwell R (] -6
B styrene acrylonitrile foam (close.. Hardness - Shore D ® 23 - 2%
: Styrene scylonitile foam (se. Mardness - Shore A ® e -
TPC (Shore D40) . »
B TPO (PP+EPDIM, Shore A7) Elastic stored energy (springs) ® 44504 - S8ted  k/mA3
B TPU (Ester, aromatic, Shore A70) Fatigue strength at 1077 cycles ® *14 - 16 MPa.
: TPU (Eser, aromatic Shore ABS/. Compression set at 23°C ® 198 - 32 0w
TPU (Ether,aliphatic, Shore.
B v g srow o Compressonsetat © s - w1 %
B TPU (Echer, aromatic, Shore ASS, Tear strength 0] 579 - 87 N/mm
B TPU (Ether, aromatic, Shore A8/
B TPU (ther, aromatic,Shore D45) Impact & fracture properties
B 17V (-£(0M, Shore 470 Fracture toughness ® 05 - 0695  MPam0s
B TPV (PP-EPDIV, Shore AT, fia. R
[B TPV (PP-NER, Shore ASOID40) o ||| Toughness (@) © *22 - 345 kymaz
Imnact strength. natched 23°C ® 590 - 600 Ki/mA2.
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1. SELECTION DATA v

TPU (Ester, aromatic, Shore A70)

Database:  Level3 Change.

s e (BB

Select from: [ Materialuniverse: Polymers - Al

Datasheet view: | All auributes

2. SELECTION STAGES ¥ || Impact & fracture properties
T
Charyndex 7 Limit L& Tee Fracture toughness ® 05 - 0695  MPam0s
;5“‘3“ Youngs madulus Toughness (6) @ *222 - 346  km2
Stage 2 Volume per unit of compressive stifiness
e Per Uit of compressive =4 \mpact strength, notched 23°C @  sen - wm Vmna
15 tage 3: Price (GBP/Kg) v. Cost per unit of compressive strength P gh.note! < D e
Impact strength, notched -30 °C ® 590 - 600 kymn2
Impact strength, unnotched 23 °C ® 590 - 600 kymn2
Impact strength, unnotched -30 °C ® 590 - 600 kymn2
3. REsuLTS: 83 0 974 PASS -
Showe  [passal stoges Thermal properties
Rank by: |Alphabetical Melting point ® 162 - 172 °C
& Glass temperature ® 69 - 15 °C
Name
B PVC crossHinked foam (rigid, do. Vicat softening point © e = 8 LS
B PVC crossdinked fosm (rigid, clo. Maximum service temperature @ *o3 T
B PVC crossiinked foam (rigid o Minimum service temperature @ *7 ) c
: At :"g‘:' o Thermal conductivity @ *ome - 0129 wmec
cross-linked foam (igid, co
B PYC cros inked faam (i cl. Specific heat capacty © *15%3 - 1ste3  ykgec
B PyC-elastomer (shore A75) Thermal expansion coefficient @ 168 - 72 pistrain/°C
: z:f;:"‘:‘;’m";‘:‘m Thermal shock resistance @ *14%ea - 17284 °C
B seBS (shore Ds0) ‘Thermal distortion resistance 0] 702e4 - 7624 MW/m
B silicane (YMQ, hest cured, 10-30.
B Siicone (YMQ, thermally condu Electrical properties
B silicone, phenyl-type (PVMQ, he. Electrical resistivity ® 157e17 - 308e17 pohm.cm
Styrene acrylonicie foam (dose.
: S:’m i:mm:m! - :dm Electrical conductivity ® 5616 - 11e15  ®IACS
B styrene acrylonitrie foam (close. Dielectric constant (relative permittivity) ® 647 -7
B ec (shore D40) Dissipation factor (dielectric loss tangent) ® 00164 - 00251
: ::S “;:EP‘D‘:;""S': "ELM Dielectric strength (delectric breakdown) ©® 182 - 197 Mv/m
1, aromatic, Shore.
B TPU (Ester, aromatic, Shore AES. Comparative tracking index @ 600 v
B TPU (ther, aliphatic, Shore A0)
B TPU (Ether, aromatic, 20% bariu. Magnetic properties
B TP (Ener sromaric,Shore ABS, Magnetictype ®  Non-magnetic
B TPU (Ether, aromatic, Shore A8/
B TPU etner, aromaic Shore Da5) Optical, aesthetic and acoustic properties
B TPV (PP+EPDIM, Shore A7)
B TPV (PP-ERDIM, Shore ATO, fia. Refractive index @ *148 - 15
B TPV (PPNER, Shore AS0IDA0) Transparency ®  Transparent
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1. SELECTION DATA -
TPU (Ester, aromatic, Shore A70)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures v o
2 SeLEcTION STAGES w | Magnetic properties A
Chart/indec Y timit L& Tee Magnetic type @  Nonmagnetic
¥ Stage 1: Youngs modulus
8 Stage 2: Volume per unit of compressive stiffness Optical, aesthetic and acoustic properties
152 Stage 3: Price (GBP/Kg)v. Cost per unit of compressive strength ||| Refractive index ® 18 - s
Transparency ®  Transparent
Acousticveloaty & ~wr - s
3. RESULTS: 83 OF 974 PASS. w || Mechanical loss coefficient (tan deita) ® 005 - 01
Show: [pass i Stages < .
Critical materials risk
Rank by: | Alphaberical ]| | contains >swts artical elements? ®  nNo
@ nNeme ~
B PVC crossHinked foam (rigi, clo. Absorption & permea
B PVC cross-linked foam (rigid, clo. Water absorption @ 24 hrs ® 0333 - 0368 %
B PyC crossiinked fosm (rigid, co. Water absorption @ sat @ *188 - 229 %
PUC cross-linked foam (i, cio.
:mm‘mm ﬁmm:":d‘ o Hurmidity absorption @ sat ® *oses - o6 %
B PVC cross-linked foam (ng\d: co. Water vapor transmission ® *121 - 162 gmm/mA2.day
B pvc-eiasiomer (shore A75) permeabilty (02) ® & s cmAZ.mm/mA2 day.atm
B 85 (shore AS0/D40)
B sees shore A%0/D40) Processing properties
B sess (snore D50)
B Silcone (YMQ, heat cured, 10-30. Polymer injection molding ® Acceptable
B silicone (VMQ, thermally condu. Polymer extrusion @ Excellent
B silcone, pheny-type (PVMQ, ne. Polymer thermoforming @  unsuitable
B Styrene acrylonitrle foam (close.
B Styrene scrylonirlefoam (dose. Linear mold shrinkage ® 028 - 076 %
B styrene acrylonitrile foam (close.. Melt temperature @ 189 - 201 °C
8 TPc (shore 040) Mold temperature @ 28 - 57 °C
B 1o pr-EpOM, Shore 75 Molding pressure range @ s 16 MPa
B TPU (Ester, aromatic, Shore A70) : -
B TPU (Ester, aromatic, Shore ABS/.
B TPU (Etnr, aiiphatic, Shore A0) Durability
B TPU (Eeher, aromatic, 20% bariu Water (fresh) @  Excellent
B TPU (Ether, romatic, Shore ABS, Water (salt) ® Excellent
B TPU (Echer, aromatic, Shore ABS/.
B TPU (Echer, aromatic, Shore D45) Wesk acids @ L EluEe
[B TPV (PP-EPIDIM, Shore A70) Strong acids 0] Unacceptable
: TP (PP-EP(D)M, Shore ATO, fla. Wk slkalis ©  Aceptable
TPV (PP-NER, Shore ASOI 9
¢ i 40 Strong alkalis ® Unacceptable v
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1. SELECTION DATA

Database:  Level3

Grome Vst 3 swer s B Bt

2. SELECTION STAGES

Show: [Pass al Stages

Rank by: [Alphabetical

@ Nome

8 s8s (shore As0iD40)
B seBs (shore As0/D4D)
8 sess (shore D3D)

8 e (shore D40)

B TPV (PP+EPDIM, Shore ATO, .
B TPV (PP+NER, Shore ASOID40)

Recycling and end of life

-
TPU (Ester, aromatic, Shore A70)
Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd T
+ || Durability
Chart/index Y Limit LS Tree Water (fresh) ® Excellent
'V Stage 1: Young's modulus. Water (salt) ® Excellent
152 tage 2: Volume per unit of compressive sifness Weak acids ®  Lmiteduse
1 Stage 3: Price (GBP/kg) vs. Cost per unit of compressive strength
Bt sioge (GBP/kg) s Costperunitof compressive SUengin || g g acids ®  Unacceptable
Weak alkalis ® Acceptable
Strong alkalis ® Unacceptable
2. RESULTS: 81 OF 974 PASS ¥ || Organic solvents @ Limited use
~| | oils and fuels ® Acceptable
||| Oxidation at 500C ® Unacceptable
~| | LV radiation (suniight) ® Fair
B PVC crossHinked foam (rigid, do. Flammability ©  slowbuming
B PVC cross-linked foam (rigid, clo. Oxygen index ® 21 - 5 %
B PVC crossHinked foam (rigid, d.
B PVC crossiinked foam (rigid co Environmental indicators - primary production
B PvC crossinked foam (ngi, cl Climate change (CO2-eq). primary production (vrgngrade) @ * 546 - 601 ke/kg
B PVC crossHinked foam (rigid, d. o
B PyC-elastomer (shore A75) Seripple et 1. 2008
Climate change (CO2-eq), primary production (typical grade) ® 542 - 597 kg/kg
Embodied energy, primary production (virgin grade) ® 15 - 127 Mykg
B Siicone UMQ, hest cures, 1030 T
B sicone (M, hemmaly cona. Embodied energy, primary production (typical grade) @ *1a - 126 Mykg
B Siicone, phenyl-type (PYMQ, he.
B Styrene acrylonitrile foam (close. Water usage ® *3 ) kg
B Styrene acrylonitrle foam (close.
B Styrene acrylonicie foam (dose. Environmental indicators - processing
H Polymer extrusion energy ® 579 - 64 Mykg
PO (PP-EP(DIM, Shore A75)
N EE—r——— Polymer extrusion CO2 ® 0434 - 048 kg/kg
B TPU (Ester, aromatic, Shore ABS/. Polymer extrusion water ® 481 - 12 Vkg
B TPU (Ether, aliphatic, Shore AB0) Polymer molding energy @ *178 - 197 Mykg
B TPU (Ether, aromatic, 20% bariu
g P Iding CO2 13 - a8
B TPU (Ether, romatic, Shore ABS, olymer molding © ke/ke
B TPU (Ether, aromeatic, Shore ABS. Polymer molding water @ 122 - 184 Vkg
B TPU (Ether, aromatic, Shore D45) Grinding energy (per unit wt removed) ® 7.78 - 850 Mkg
B v P70 Shore AT0) Grinding CO2 (per unit wt removed) @ *osez - o045 kgke
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1. SELECTION DATA v

TPU (Ester, aromatic, Shore A70)
Ce— =

Select from:

MaterialUniverse: Polymers - All

Datasheet view:

Al acributes

2. SELECTION STAGES
Chart/indec Y timit L& Tee

Embodied energy, primary production
- @

'V Stage 1: Youngs madulus.
15 Stage 2 Volume per unit of compressive siffness
152 Stage 3: Price (GBP/kg) vs. Cost perunit o campressiv strengin

Seripple et al 2008
Embodied energy, primary production
Water usage

Polymer extrusion energy

2. RESULTS: 83 OF 974 PASS

Polymer extrusion CO2

Show: [Pass al Stages

Polymer extrusion water

Rank by: [Alphabetical

Polymer molding energy

@ Name

B PYC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PyC-elastomer (shore A75)

B 85 (shore AS0/D40)

B seBs (shore A90/D40)

B seBs (shore DsD)

B silicone (VMQ, heat cured, 10-30.
B Siicone (YMQ, thermaly cand
5 Siicone, prenyitype (PUMQ, ne.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B TP (shore D40)

[B TR0 (PP-EPIDIM, Shore A7S)

B TPU (Ester, aromatic, Shore A70)
B TPU (Ester, aromatic, Shore A8/
B TPU (Ecner, i, Snore A30)
B TPU (Ether, aromatic, 20% bariu.
B TPU (Ether, romatic, Shore ABS,
B TPU (Ether, aromatic, Shore A8/
B TPU (Ether, aromatic, Shore D45)
[B TPV (PP-EPIDIM, Shore A70)

B TPV (PP+EPIDIM, Shore ATO, fia..
B TPV (PP+NBR, Shore A%0/D40)

Polymer molding CO2
Polymer molding water

Grinding energy (per unit wt removed)
Grinding CO2 (per unit wt removed)

Recycl
Recycle
Functional recycle

g and end of life

Climate change (CO2-eq). recycling
Embodied energy. recycling
Recydle fraction in current supply
Combust for energy recovery
Heat of combustion (net)
Combustion CO2

Landfill

Biodegrade

Links
ProcessUniverse
Producers
Reference
Shape

Environmental indicators - processing

(virgin grade) ® *11s - 127
(typical grade) ® *114 - 126
@ *318 - 332
@ *s579 - 64
® *oaa - o4
@ *as - 12
@ =*179 - 197
@ *134 - 148
@ *122 - 184
® =*778 - 850
© *oss3 - o645
0] v
0] x
@ *18 - 204
@ *301 - a2
0] 1
0] v
@ *2s - 16
@ =*2 -2
(6] v
(6] x
[
[
[
[

Values marked * are estimates.
ANSYS, Inc. provides no warranty for this data.

My/kg

My/kg
kg

My/kg
ke/kg
kg

My/kg
ke/kg
kg

My/kg
ke/kg

ke/kg
My/kg

My/kg
ke/kg
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'V Stage 1: Youngs madulus.
15 Stage 2 Volume per unit of compressive siffness
152 Stage 3: Price (GBP/kg) vs. Cost perunit o campressiv strengin

2. RESULTS: 83 OF 974 PASS v
Show: [Pass al Stages v
Rank by: [Alphabetical v
@ Nome ~

B PYC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PyC-elastomer (shore A75)

B 85 (shore AS0/D40)

B seBs (shore A90/D40)

B ses (shore Ds0)

B) silicone (VMQ, heat cured, 10-30.
B Sicone (YMQ, thermaly cand
5 Siicone, prenyitype (PUMQ, ne.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B TP (shore D40)

[B TR0 (PP-EPIDIM, Shore A7S)

B TPU (Ester, aromatic, Shore A70)
B TPU (Ester, aromatic, Shore A8/
B TPU (Ecner, i, Snore A30)
B TPU (Ether, aromatic, 20% bariu.
B TPU (Ether, romatic, Shore ABS,
B TPU (Ether, aromatic, Shore A8/
B TPU (Ether, aromatic, Shore D45)
[B TPV (PP-EPIDIM, Shore A70)

B TPV (PP+EPIDIM, Shore ATO, fia..
B TPV (PPNER, Shore AS0/D40) =

General information
Designation @

silicone (VMQ, heat cured, 10-30% fumed silica), Silicone elastomer / Polydimethylsiloxane / Vinyl methyl silicone (YMQ /
i), heat cured

Tradenames @

Baysilone; Elastosi-R: Ge Lim; Rhodorsil Her; Shincor; Shincor Lim; Silastic: Silopren; Tufel

Typical uses @

Automotive: seals, hose, spark-plug boots, gaskets, mounts, cable sheathing electric scooters, electric cars, hybrid cars.
Electrical/electronic: computer keypads, insulators, surge arresters, smart watches, fitness trackers, VR headsets, gaming
‘consoles, electric toothbrushes, robotics. Food contact: Gaskets for Pressure Cookers, Heat resistant kitchen mats.
Medical: seals, syringe plungers, breast nipple protectors, catheters, sterilization mats, O-Rings for dialyzers, baby bottle
parts. Sports: swimming gogles and caps. Other: molds.

Included in Materials Data for Simulation 0] v
Materials Data for Simulation name @  Rubber,silicone (VMQ)
Composition overview

Compositional summary @

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

Material family ® Elastomer (thermoset, rubber)

Base material @ 51.vMQ(ho) (Silicone rubber, vinyl methyl type, heat
cured)

% filler (by weight) ® 10 - 30 %

Filler/reinforcement 0] Mineral

Filler/reinforcement form 0] Particulate

Polymer code ® SI-VMQ-MD20

Composition detail (polymers and natural materials)

npo 5 Mrome ¥ saset B sosz | smpes | B 170 G oo SRR
1. SELECTION DATA v
silicone (VMQ, heat cured, 10-30% fumed silica)
o iz =
Select from: |MaterialUniverse: Polymers - All | | | Datasheet view: | Al artributes hd R
7 ST S ¥ || polymers: plastcs, elastomers > Elastomers > Thermoset elastomers (rubbe) > (D51 VMO, PVMQ FYMQ (Sicone elastomer >
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1. SELECTION DATA v
silicone (VMQ, heat cured, 10-30% fumed silica)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd ar -
2. SELECTION STAGES. ¥ || Composition detail (polymers and natural materials) ~
Chart/index Y Limit L Tree Polymer 6] 70 - %
Y Stage 1: Young's modulus. silica (fumed) ® 10 - 30 %
152 tage 2: Volume per unit of compressive sifness
182 Stoge 3: Price (GBP/Kg)v. Cost per unit of compressive srength ||| Price
Price ® *308 - 348 GBP/kg.
Price per unit volume ® *3153 - 424e3  GBP/MA3
3. RESULTS: 83 0F 974 PASS v 8
L Physical properties
Show: [pass i Stages <
Density. ® 10283 - 1223 kg/mA3,
Rank by: |Alphabeticel <
P — || Mechanical properties
B PVC crossdinked fosm (rigid, clo. ‘Young's modulus ® 0.005 - 005 GPa
B PVC cross-linked foam (rigid, clo. Specific stiffness. ® 000448 - 00449 MN.m/kg
B PVC cross-linked foam (rigid, clo. Yield strength (elastic limit) ® 7 - 1ns MPa
PUC cross-linked foam (i, cio.
8 (e, Tensile strength ® 7 - 1s MPa
B PVC crossHinked foam (rigid, d.
B PVC cross-linked foam (rigid, clo. Tensile stress at 100% strain ® 12 - 36 MPa,
B PVC-elastomer (shore A75) ‘Specific strength ® 62 - 104 kN.m/kg
: z:f;:" ":‘;ﬁ‘_‘:‘m Elongation ® - &0 9% strain
B seBs (Shore DSO) Elongation at yield @ 270 - 600 % strain
B Silicone (VWIQ, heat cured, 10-30.. Compressive modulus ® * o005 - 005 GPa
B siicone (UMQ thermaly o Compressive strength @ *sa - 138 MPa
B sitcone, phenyitype (PYMQ, he.
Flexural modulus 0] 0.005 - 005 GPa
B Styrene acrylonitrle foam (close.
B Syrene acrylonitrile foam (close.. Flexural strength (modulus of rupture) ® *16 - 27 MPa
: Styrene acrylonitie foam (cloe. Shear modulus © +a RS
TPC (Shore D40)
B 190 (Pp-crOW, Shore A75) Bulk modulus =16 - 2 @
B TPU (Ester, aromatic, Shore A70) Poisson's ratio @ *oa7 - 049
B 77U et aromaic Shore 5. Shape factor ® 2
B TPU (ther, aliphatic, Shore A0) o B
B TPU (Ether, aromatic, 20% bariu. Hardness -Vickers 8 e Y
B TPU (Echer, aromatic, Shore ASS, Hardness - Shore A @ 30 -
B TPU (Ether, aromatic, Shore ABS. Elastic stored energy (springs) ® 787 - 8233 k/mA3
B U e aromati,snore 045 N - o B
B 1oV 69-c50M, Srore ) Fatigue strength at 1087 e 28 - 45w
[B TPV (PPEPIDIM, Shore ATO, fia. Compression set at 23°C @ 5 - 10 %
B TPV (PP+NBR, Shore A%0/D40) v ||| compression set at 70°C ® 5 - 10 % .
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1. SELECTION DATA v

Si

one (VMQ, heat cured, 10-30% fumed silica)

TPU (Ester, aromatic,

Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All i ! irtoutes e =
2. SELECTION STAGES ¥ || Fatigue strength at 1047 cycles 0] 28 - 46 MPa
Chart/indec Y timit L& Tee ‘Compression set at 23°C ® s ) %
7 Stoge T Youngs modulus Compression set at 70°C ® s - 10 *
152 tage 2: Volume per unit of compressive sifness Compression set t 100°C ® s s =
182 Stoge 3: Price (GBP/Kg)v. Cost per unit o compressive strength
Tear strength ® 10 - 40 N/mm
Impact & fracture properties
3. RESULTS: 83 OF 974 PASS. w || Fracture toughness 0] 0433 - 0927 MPamA05
Show:  |Pass all Stages Toughness (G) @ 158 - 384 kymA2
i Impact strength, notched 23 °C ® 590 - 600 kymn2
Impact strength, notched -30 °C ® 590 - 600 kymn2
: Name Impact strength, unnotched 23 °C ® s - 600 kWma2
PUC cross-linked foam (igid, cio. . »
B PVC crossinked foam (ngi, clo. Impact strength, unnotched -30 °C ® 590 600 kymn2
B PVC crossHinked foam (rigid, d. .
B PVC crossdinked foam (rigid o Thermal properties
B PVC cross-linked foam (rigid, clo. Glass temperature ® 70 - 60 °C
: PVC crossinked foam (g, clo Maximum service temperature ® 20 ) c
PVC-elastomer (Shore A75)
B cos creneoiosn Minimum service temperature © ® - =
B seBs (shore A90/D40) ‘Thermal conductivity 0] 02 - 03 W/m.eC
: :as xsn:,: zs:. o ‘Specific heat capacity 0] 10563 - 1de3 VkgeC
iicone (VMQ, heat cured,
© Siicone (vMQ, chermaly cond Thermal expansion coefficient ® 250 - 300 pstrain/°C
B silicone, phenyl-type (PYMQ, he. Thermal shock resistance @ 651 - 65%3  °C
: Styrene acrylonicie foam (dose.. Thermal distortion resistance @ *719%e4 - 000111 MW/m
Styrene acrylonicie foam (dose..
=slymwnmmammu Electrical properties
TPC (Shore D40)
B PO PP-EP(DM, Shore A7) Electrical resistivity ©® 319 - se20 pohm.cm
B TPU (Ester, sromatic, Shore A70) Electrical conductivity ® 345619 - 575818 %IACS
: TPU (Ester aromatic, Shore ASS/ Dielectric constant (relative permittivity) ® 23 - o3
TPU (Ether, aliphatic, Shore AS0)
B TPU (xner, aromaic, 20% bar. Dissipation factor (dielectric loss tangent) ® 0.003 - 0024
B TPU (Ether, sromatic, Shore Ass, Dielectric strength (dielectric breakdown) ©® 16 - 2 Mv/m
: TPU (Echer, aromatic Shre ASS/. Comparative tracking index ® a0 - v
TPU (Exher, aramatic, Shore D45)
B TPV (p-£5(0M, Shore 470 Magnetic properties
B TPV (PP-EPDIV, Shore AT, fia.
B Py (PP-nER, Shore ASDIDA0) Magnetic type ®  Non-magnetic
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1. SELECTION DATA v
one , heat cured, 10-30% fumed silica.
Si MQ, heat cured, 10-30% fumed
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd ar -
= i i i i ~
Zsecnonsiaces Optical, aesthetic and acoustic properties
Chart/indec Y timit L& Tee aefractie index © 1 e
¥ Stage 1: Youngs modulus
152 tage 2: Volume per unit of compressive sifness Transparency O N
2 Stage 3: Price (GEP/ke) vs. Cost per unit of compressive strengeh ||| Acoustic velocity @ 572 - 248 mis
Mechanical loss coefficient (tan delta) ®  o0s - ois
s risk
3. RESULTS: 83 OF 974 PASS Y || contains >swts critical elements? ®  nNo
Show: [pass i Stages <
B — — || Absorption & permeability
Water absorption @ 24 hrs ® 01 - 015 %
||| water vapor transmission 153 - 3 gmm/mA2day
@ nNeme ® =
B PVC crossHinked foam (rigid, do.
B PVC crossinked foam (ngi, clo. Permeability (02) ® 129e4 - 30led  cmA3mm/mA2day.atm
B PVC crossHinked foam (rigid, d. . .
B PVC crossdinked foam (rigid o Processing properties
B PVC cross-linked foam (rigid, clo. Polymer injection molding ® Acceptable
B PC crossinked fosm (g, i Polymer extrusion ©  Aceptable
B PyC-elastomer (shore A75)
@ 565 (snore AS0/D40) Polymer thermoforming 0] Unsuitable
B seBs (shore A90/D40) Linear mold shrinkage 0] 24 -4 %
B sees (snore D50) Mold temperature ® 18 - 200 o
B silicone (YMQ, heat cured, 10-30.
B silicone (YMQ, thermally condu.
v Durability
B sitcone, phenyitype (PYMQ, he.
B styrene acrylonitrie foam (close. Water (fresh) (0] Eaz i
B styrene acrylonitrile foam (close.. Water (salf) ® Excellent
B Styrene acyloniie foam (dose. Wesk scde ©  excellnt
B TPC (shore D40)
B PO (PP+EPOM, Shore ATS) Strong acids @  Excellent
TPU (Ester, aromatic, Shore A70) Weak alkalis Excellent
8 k alkali 0] ller
B 77U et aromaic Shore 5. Srongalalis ©  excelent
B TPU (ther, aliphatic, Shore A0)
B TPU (Ether, aromatic, 20% bariu Organic solvents @ Acceptable
B TPU (Echer, aromatic, Shore ASS, Oils and fuels 0] Limited use
B 79U (xner, sromatic Snore A58/ odation at 500C 6l o=
B TPU (Ether, aromatic, Shore D45) adioti iht ®
B TPV (PP+EPDIM, Shore A7) UV radiation (sunlight)
B TPV (PP+EPD)M, Shore ATO, ia. Flammability ® Self-extinguishing
B TPV (PP+NBR, Shore A%0/D40) v ||| oxygen index @ 27 - 3 % v
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1. SELECTION DATA v
silicone (VMQ, heat cured, 10-30% fumed silica)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd 7 Find Simiar -
‘Oxidation at 500C @ Unacceptable ~
2. SELECTION STAGES v
@ Wi s UV radiation (sunlight) ® Good
7 Stage T voungs moduls Flammability ® Self-extinguishing
2 Stage 2 Volume per unit of compressive siffness Oxygen index (o4 - 3 %
182 Stoge 3: Price (GBP/Kg)v. Cost per unit o compressive strength
Environmental indicators - primary production
Climate change (CO2-eq), primary production (virgingrade) @  * 62 - 683 kg/kg
Climate change (CO2-eq). primary production (typical grade) ®  * 62 - 683 kg/kg
ResuTs: 8 -
SISO 130 974 PASS Embodied energy. primary production (virgin grade) @ *1s EEREY Mkg
Show: [pass i Stages J0 e
Soustens 2002
Rank by: |Alphabeticel <
Embodied energy, primary production (typical grade) ® *1s - 130 Mykg
@ Name A ||| water usage ® *1%0 - 571 kg
B PVC crossHinked foam (rigid, do.
B PVC crossiinked foam (rigid co Environmental indicators - processing
Bz ce Polymer molding energy @ ru1 - 155 msg
B PVC cross-inked foam i clo. Polymer molding CO2 @ +u3 - 12 gk
B PVC cross-linked foam (rigid, clo. Polymer molding water ® *107 - 16 kg
B pyccastomer shore A75) Grinding energy (per unit w removed) @ *o23 - 255 My
H g energy (per
SBS (Shore ASO/D40)
B seBs (Snore AS0/D40) Grinding CO2 (per unit wt removed) ©® *o7 - 0as keg/kg
B sess (snore D50)
5 Siicane (VMQ, heat cured, 10-30. Recycling and end of life
B Siicone (vMQ, chermally condu Recycle ® x
B Siicone, phenyl-type (PYMQ, he. [—. 6 x
B Styrene acrylonitrle foam (close.
@ styrene acrylonicie foam (dose.. Combust for energy recovery ® v
B styrene acrylonitrie foam (ciose. Heat of combustion (net) @ *131 - 142 Mykg.
: ::Z‘;’:’;m - Combustion CO2 ® *13 - 137 ke/kg
B 7PU (Eser,sromai, Shore 70) Landfil o v
B TPU (Ester, aromatic, Shore ABS/. Biodegrade @ x
B TPU (ther, aliphatic, Shore A0)
B U (Eener, sromatie, 20%bars Notes
TPU (Exher, aromatic, Shore ABS,
B reu s sromatic . Other notes @
B TPU (Ether, aromatic, Shore A8/
B Pu Exner, aromaric, Shore D45) Strengths: Outstanding property stability of rubber properties over large temperature range (-50 to 200 C), including high
B TPy (PP-EPOM, Shore ATO) temperature performance and low temperature flexibility; chemical resistance, weatherability, ozone/oxidation, electrical
B TPV (PP-£P(DM, Shore A70, . performance, sealing capability
B TPV (PP+NBR, Shore A%0/D40) v ||| Limitations:low room temperature strength, low oil resistance .
N
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1. SELECTION DATA

@ Home Y swgel [ Smge2 [ swge3 TPU (Ester, aromatic, Silicone (VMQ, heat cu. EVA (Shore ABS, 25% v

Database:  Level3

TPV (PP+EP(D)M, Shore A70)

EVA (Shore A9S/DS0, 12.

C et sroerss B rcomamersrore s, |BITPUEREOMEEEI

Select from: [ Materialuniverse: Polymers - Al

Datasheet view: | All auributes

2. SELECTION STAGES
Chart/indec Y timit L& Tee

S ———

General information

'V Stage 1: Youngs madulus.
15 Stage 2 Volume per unit of compressive siffness
152 Stage 3: Price (GBP/kg) vs. Cost perunit o campressiv strengin

Designation @
TPV (PP+EP(D)M, Shore A70), Thermoplastic Vulcanizate
Tradenames @

API; Actymer; Alfater; BP; Colorrx; DURAFLEX; Dioshy; Dryflex; Elastoprene; Elastron; EnLast; Enflex; Epigum; Excelink;

B PYC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PC crossinked fosm (g, i
B PyC-elastomer (shore A75)

B 85 (shore AS0/D40)

B seBs (shore A90/D40)

B seBs (shore DsD)

B silicone (VMQ, heat cured, 10-30.
B Siicone (YMQ, thermaly cand
5 Siicone, prenyitype (PUMQ, ne.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B syrene scyionirle fosm (cose.
B TP (shore D40)

[B TR0 (PP-EPIDIM, Shore A7S)

B TPU (Ester, aromatic, Shore A70)
B TPU (Ester, aromatic, Shore A8/
B TPU (Ecner, i, Snore A30)
B TPU (Ether, aromatic, 20% bariu.
B TPU (Ether, romatic, Shore ABS,
B TPU (Ether, aromatic, Shore A8/
B TPU (Ether, aromatic, Shore D45)
[B TPV (PP<EPIDIM, Shore A70)

B TPV (PP+EP(DIM, Shore ATO, fia..
B TPV (PP+NBR, Shore A%0/D40)

3. RESULTS: 83 OF 974 PASS. w || Ezprene; Flexiteq; Forprene; Gelast; Geolast; Globalene; Innoprene; Invision; K-Prene; Kebaflex; Keyflex; Kumsollan; MWR;
Show:  [passans Medalist; Michiflex; Milastomer; Neoplast; Novalast; Onflex-V; Primoprene; RTP; Salflex; Santoprene; Sarlink: Softflex;
oe Solplast; Taroprene; Technoelast; Tectron; Tivilon; Topolymer; Tpsiv; Trexprene; Uniprene; ValuPrene; Versalloy; Viprene;
Rank by: [Alphabetical Vyram; Zeotherm
& Name Typical uses @

Construction applications, expansion joint, glazing, industrial applications, profiles, sheet, tubing, appliance components,
‘automotive applications, hinges, lving, overmolding, blow molding applications, diaphrams, gaskets, general purpose.
seals, cable jacketing, hose, garden, weatherstripping, pump parts, valves/valve parts, foam, medical applications, lawn and
‘garden equipment, marine applications, outdoor applications, fluid handiing, irrigation applications, appliances,
‘connectors, coverings, protective, housing, electrical, wheels, automotive interior parts, plumbing parts, automotive
exterior parts, grips, flexible, parts, thin-walled, sporting goods, tools, power/others, closures, containers, food, cookware,
microwave, food applications, non-specfic, food service applications, kitchenware, consumer applications, hospital goods,
hypodermic syringe parts, medical appliances, prosthetics, automotive bumper, automotive exterior trim, belts/belt repair,
electrical/electronic applications, household goods, insulation, electronic, panels, reinforced, piping, toys, business
equipment

Included in Materials Data for Simulation 0] v
Materials Data for Simulation name 0] Rubber, TPV (PP+EPDM, Shore A70)

Composition overview
Compositional summary @

Blend of PP (~40%) and vulcanized EPDM rubber (~60%). EPDM particles encased in a continuous matrix of PP.

Material family ® Elastomer (thermoplastic, TPE)
Base material ® TPV (Thermoplastic vulcanizate)
Polymer code ® TPV

Composition detail (polymers and natural materials)

Polymer ® 100 %
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1. SELECTION DATA -

TPV (PP+EP(D)M, Shore A70)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd H ar -
2. SELECTION STAGES w || Price o
Chart/indec 7 Limit LE Tree Price @ *33 - am GaP/kg
Y Stage 1: Young's modulus. Price per unit volume ® *311e3 - 326e3  GBP/MA3
152 tage 2: Volume per unit of compressive sifness
18 Stage 3 Price (GBP/Kg)ve. Cost per unit of compressivesrengn ||| Physical properties
Density. ® 939 - @81 kg/mA3,
Mechanical properties
> -

ERESULIS: By Og TS eAS Young's modulus ® ooiss - o062 GPa
show: - [Pass al Stages 1| specific stiffness ® o013 - 00171  MN.mikg
Rank by: | Alphabetical ||| vield strength (elastic limit) ® 39 - a1 MPa,

A ||| Tensile strength ® 631 - 895 MPa,

@ nNeme

B PVC cross-linked foam (rigid, clo. Tensile stress at 100% strain ® 25 - 37 MPa,

: PVC cross-linked foam (g, lo Tensile stress at 300% strain @ a2 - 536 MPa

PUC cross-linked foam (i, cio.

B PVC crossHinked foam (rigid, d. Specific strength © a0 = <5 ks

B PVC cross-linked foam (rigid, clo Elongation ® s - 5% 9% strain

B PVC cross-linked foam (rigid, clo. Elongation at yield ® 53 - 574 % strain

B PVC-lascomer Shore ATS) Compressive modulus ® *oot2 - o068 GPa

B 85 (shore AS0/D40)

B seBs (Shore A%0/D40) Compressive strength @ *as7 - 504 MPa

B sess (snore D50) Flexural modulus ® o057 - 0027 GPa

8 siicone (MQ neat cured, 1030. Flexural strength (modulus of rupture) ® *15 - 189 MPa

B Sitcone (vMQ, thermally condu

8 siicone, phenyi-type (PVMQ, he. ‘Shear modulus @© *o000525 - 000551 GPa

B styrene acrylonitrile foam (close.. Shear strength ® *505 - 895 MPa,

B styrene aaylonitrie foam (dose. Bulk modulus @ *om2 - o0s4 GPa

B Styrene acrylonitrle foam (close.

B oo Srorpan) Poisson's ratio ® +os - oass

B PO (PP-EP(D)M, Shore A75) Shape factor ® 2

: TPU (Ester, aromatic, Shore A70) Hardness - Vickers ® 1 HY

TPU (Ester, aromtic, Shore ABS/. =

B TPU (ther, aliphatic, Shore A0) Hardness - Rockwell M @ *2 -6

B TPU (Eeher, aromatic, 20% bariu Hardness - Rockwell R @ =*2 -6

B TPU (Ether, romatic, Shore ABS, Hardness - Shore D @ *16 - 2%

B TPU (Ether, aromatic, Shore A8/ 5 N )

B TPU (Ether, aromatic, Shore D45) Hardness-shore A © .

B TPV (PP+EPDM, Shore A70) Elastic stored energy (springs) [ON) - 5% kymA3

B TPV (PP-EP(DIM, Shore ATO, fi. Fatigue strength at 1017 cycles @ *253 - ass MPa

TPV (PP-NER, Shore ASOI v
B reverenes, 020 Compression set at 23°C ® 22 ~ ss % .
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Selection Project *|| @Home ¥ Swgel B2 Stage2 ¥ Swge3 TRU (Ester, sromtic, Silicone (VMQ, heat cu EVA (Shore ABS, 25% vi. EVA (Shore ASS/DS0, 12. PVC (flexible, Shore ABS) PVC<lostomer Shore A75) | B TPV (PPEERDIM, Shore .. %
1. SELECTION DATA -
TPV (PP+EP(D)M, Shore A70)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd H ar -
2. SELECTION STAGES ¥ || compression set at 23°C ® 22 ~ ss ®
T
Charyndex 7 Limit L& Tee Compression set at 70°C ® ma - ms %
'V Stage 1: Youngs modulus Compression set at 100°C ® s ~ s ®
152 tage 2: Volume per unit of compressive sifness ®
15 Stage 3: Price (GBP/kg) vs. Cost per it of compressive srengen ||| 727 Strength 265 o= N/mm
Impact & fracture properties
Fracture toughness ® 0405 - 0462 MPa.mA05
3. RESULTS: 83 OF 974 PASS. ¥ || Toughness (G) ® 103 - 133 kymn2
Show: | Pass all Stages ~ ||| impact strength, notched 23 °C ® 590 - 600 kymn2
Rank by: | Alphabetical ]| | impact strength, notched -30°C @ 500 - 600 kymr2
Impact strength, unnotched 23 °C ® 590 - 600 kymn2
@ nNeme ~
Brve nked foam (g, € Impact strength, unnotched -30 °C ® 590 - 600 kymn2
cross linked foam (igid, co
B PVC crossHinked foam (rigid, d. .
B PVC crossHinked foam (rigi, clo. Thermal properties
B PVC cross-linked foam (rigid, clo. Melting point @ * 144 - 164 °C
B PvC crossHinked foam (rigi, clo. Glass temperature Gl - o =
B PVC crossHinked foam (rigid, d.
Ab————-—" Maximum service temperature ® 13 - a0 o
B 585 (Shore AS0/D40) Minimurm service temperature ® _ s o
:Sfmsnmr«wm«n Thermal conductivity ® *o118 - 0428 W/m.eC
SeBS (shore D50) . .
B Siicone (YMQ, heat cured, 10:30. Specific heat capacity ® 1.8e3 - 186e3  JkgoC
B silicone (VMQ, thermally condu. Thermal expansion coefficient ® *263 - 277 pstrain/°C
8 sitcone, pheny-type (PYMQ, he. ‘Thermal shock resistance @ *s2 - %1 °c
B siyrene scylonte foam (cose. Thermal distortion resistance @ *a3e4 - 47724 MWm
B Styrene acrylonitrle foam (close.
B styrene acrylonitrie foam (close. N N
8 ren Electrical properties
B PO (PP+EP(D)M, Shore ATS) Electrical resistivity ® *43e3 - 66e24  pohmcm
B 17U Ester, aromatic, Shore A70) Electrical conductivty @ *261e23 - 4ple22 WIACS
B TPU (Ester, aromatic, Shore A8/
B TPU echer, iphaic, Shore A80) Dielectric constant (relative permittivity) ® 225 - 235
TPU (Exher, aramatic, 20% baru. Dissipation factor (dielectric loss tangent) 2604 - 44ea
e, 3 ipation factor (dielectric loss tang: ® =
B TPU (Ether, aromtic, Shore ABS, Dielectric strength (dielectric breakdown) ® 195 - 203 MV/m
B TPU (Ether, aromatic, Shore A8/ a e tracking indh ° o v
B TPU (Ether, aromatic, Shore D45) omparative tracing Index
B TPV (PP+EPDM, Shore A70) . .
B TPV (PP+EP(DIM, Shore ATO, fia.. Magnetic properties
B TPV (PPNBR, Shore AS0ID40) ||| Magnetictype ®  Nonmagnetic
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1. SELECTION DATA -
TPV (PP+EP(D)M, Shore A70)
Database: Level 3 Change.
Selectfrom: [ MaterialUniverse: Polymers - All || [ Beeseeceng A1 atribures hd ar -
2. SELECTION STAGES w || Optical, aesthetic and acoustic properties ~
Chart/indec Y timit L& Tee Transparency ®  opaque
Y Stage 1: Young's modulus. Acoustic velocity ® 127 -3 mis
82 Stage 2: Volume per unit of compressive scffness Mechanical loss coefficient (tan delta) ®  oos - o1
182 Stoge 3: Price (GBP/Kg)v. Cost per unit o compressive strength
s risk
Contains >5wt% critical elements? @ No
> -
3. REsuLTS: 83 0 974 PASS Absorption & permeability
Show: [pass i Stages <
Water absorption @ 24 hrs ® * o004 - 00535
Renk by: |Alphabeticel ||| water absorption @ sat @ *o2e - 037 %
8 Neme || | Humidity absorption @ sat ® *o00809 - 00982 %
B PVC crossdinked foam (igid o Watervapor transmission ® o451 - 021  gmmme2day
B PVC cross-linked foam (rigid, clo. Permeability (02) 6] 460 - 542 mA3mm/mA2.day.atm
B PVC crossHinked foam (rigid, d.
B PVC crossHinked foam (rigid, d. Processing properties
B PVC crossHinked foam (rigid, d.
B PVC crossiinked fosm (igid lo. Polymer injection molding ®  Acceptable
B PyC-elastomer (shore A75) Polymer extrusion @ Excellent
8 585 (snore A0/D40) Polymer thermoforming 6] Acceptable
B sess (snore AS0/D40)
B sees (shore D50) Linear mold shrinkage © 1:2 - 2 %
B silicane (YMQ, hest cured, 10-30. Melt temperature @ 191 - 23 °c
pe
: Sicone (¥MQ, themally cond Mold temperature ® 7 - @ =
Siicone, phenyl-type (PYMQ, he.
g s preype o e Moldngpressure ange © ws - o we
B Styrene acrylonitrle foam (close.
@ styrene acrylonicie foam (dose.. Durability
B ec (shore D40) Water (fresh) 0] Excellent
B PO (PP+EPOIM, Shore A75) Water (salt) ® Excellent
B TPU (Ester, aromatic, Shore A70)
Brmw e st v Wesk acids ®  excelent
B TPU (Echer, aliphatic, Shore AB0) Strong acids. @ Excellent
B TPU (Ether, aromatic, 20% bariu. Weak alkalis ® Excellent
B TPU (Ether, romatic, Shore ABS,
B 79U (xner, sromatic Snore A58/ strong alkals @ excellent
B TPU (Ether, aromatic, Shore D45) Organic solvents. ®©  Limited use
2o
B TPV (PP+EPDIM, Shore A70) Oils and fuels [o) Unacceptable
B TPV (PP-EPDIM, Shore AT, fia.
B TPV (PP+NBR, Shore ASDID40) ||| Oxidation at 500C ® Unacceptable
11V radiation (sunlicht) ®. Ponr. v
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1. SELECTION DATA -
TPV (PP+EP(D)M, Shore A70)
Database: Level 3 Change.
Selectfrom: VaterialUniverse: Polymers - All ||| patashest view: Al strbures v B o
2. SELECTION STAGES w || Oilsand fuels ® Unacceptable ~
Chart/index 7 Limit LR Tree ‘Oxidation at S00C ©  unacceptable
¥ Stage 1: Youngs modulus WV radiation (sunlight) 0] Poor
18 Stage 2: Volume per unit of compressive stiffness. Flammability ® Highly flammable
7 Stoge: Price (GBPg s Cost pr unic f compresiesengi ||| e i © v . w
Environmental indicators - primary production
. » ~ || Climate change (CO2-eq). primary production (vrgin grade) ® *574 - 633 kg/kg
3. REsuLTS: 83 0 974 PASS
- P Climate change (CO2-eq). primary production (typical grade) ®  * 57 - 629 kg/kg
Embodied energy, primary production (virgin grade) ® *116 - 127 Mykg
Rank by: |Alphabeticel <
7 e Embodied energy, primary production (typical grade) ® 115 - 126 Mykg
@ Name ~ ||| water usage ® *267 - 295 kg
B PVC crossHinked foam (rigid, do.
B PVC crossiinked foam (rigid co Environmental indicators - processing
: PVC cross-linked foam (igid, clo. Polymer extrusion energy © *s87 - & Mikg
PUC cross-linked foam (i, cio.
B PVC crossHinked foam (rigid, d. Polymer extrusion CO2 ® *o044 - 0486 kg/kg
B PVC cross-linked foam (rigid, clo. Polymer extrusion water ® *ass - 727 kg
: PVC:elastomer (shore A7S) Polymer molding energy @ *109 ) Mykg
SBS (Shore ASO/D40)
@ seBs (snore AS0D40) Polymer molding CO2 ® *149 - 165 kg/kg
B sess (shore D50) Polymer molding water @ *131 - 197 kg
: Siicane (VMQ, hest cured, 10-30. Grinding energy (per unit wt removed) @ *14 ~ s Mkg
Siicone (VMQ, thermly condu. R
B Siicone, pheny-type (PVMQ, he. Grinding CO2 (per unit wt removed) ® 0107 - 018 kg/kg
B Styrene acrylonitrle foam (close. )
@ styrene acrylonicie foam (dose.. Recycling and end of life
B styrene acrylonitrile foam (close.. Recycle ® v
B8 ec snore D40) Functional recycle 6] x
B PO (PP+EPOIM, Shore A75)
B TPU (Ester, sromatic, Shore A0) Climate change (CO2-eq) recydling @ *195 - 215 ke/kg
B TPU (Ester, sromatic, Shore A8S/. Embodied energy, recycling ® *304 - a2 Mykg
: TPU (Ether,aliphatic, Shore A80) Recycle fraction in current supply ® 1 %
TPU (Exher, aramatic, 20% baru.
B TPU (Ether, romatic, Shore ABS, Combust for energy recovery @ g
B U (Ether, aromatic, Shore ABS/. Heat of combustion (net) ® *as - 462 Mykg
: ThU (Ener, sromsticShore 045) Combustion CO2 ® *306 - 3» (i
TPV (PP4EP(D)M, Shore A70)
B TPV (PP-EPDIM, Shore AT, fia. Landfil @ v
B TPV (PP-NER, Shore ASOIDAO) o ||| Biodegrade ® %
N
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