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1. [bookmark: _Toc232375461]Introduction
1.1. [bookmark: _Toc232375462]Purpose of Report
The report details the application of  Finite Element Analysis (FEA) and Computational Fluid Dynamics (CFD) to the design of a fan blade to be used in a laptop cooling stand, from design development to manufacture in an injection moulding process.
FEA & CFD are a key aspect of the design of product such as a fan blade as it would be an extremely complex task to calculate the behaviours of the blade manually. This modelling is a fundamental to Model Based Design where prototyping is performed late in the design process. Prototyping and mould machining are expensive and time consuming stages MBD reduces this the risk that they reveal design flaws and have to be repeated. 
1.2. [bookmark: _Toc232375463]Problem Definition
The internal cooling system on laptops can struggle to maintain optimum CPU temperatures when it is being used for computationally intensive tasks or the ambient temperature is high. This results in either reduced performance or noisy operation, as the fans are operating at their maximum speed.
Cooler stands incorporate a large fan area (either through multiple small fans or a single large fan) which produces a positive pressure on the cooling vents of the laptop. These stands are primarily sold on their cooling ability, price and noise levels. There is a brand reputation element which is build on product life and reliability. Using the minimum amount of material reduces the price, power consumption and life of bearings. A balanced blade will also increase bearing life. Bearing life will have an impact on noise,  as whine and oscillations will increase with wear.
The clients design brief specifies that the product must be suitable for high volume manufacture with defect mitigations in the mould design (for warping, air pockets and stress concentrations). This was achieved using an iterative process where the design was revised on the finding of the analysis then re-tested.
The brief specifies the design must be material and cost efficient, this was achieved with material selection and stress analysis so material volume versus performance trade-off was understood. 
Sustainability in materials and processes was considered, particularly in regards to robust and quiet design which would have a long service life due to it’s balance (and so reduced bearing wear).

1.3. [bookmark: _Toc232375464]Scope
1.3.1. [bookmark: _Toc232375465]Literature Review and Quality Function Deployment (QFD)
An initial product specification was developed from a literature review which included market research of existing products.
Quality Function Deployment (QFD) was used to evaluate the products currently on the market and influence the initial design. QFD or Matrix Product Planning, is a cause and effect analysis which relates customer driven qualities to the features of the product. (American Society for Quality, 2026)
1.3.2. [bookmark: _Toc232375466]FEA
Solidworks was used for the Computer Aided Design (CAD) of the initial fan concept (as a 3D part). 
The Solidworks Simulation add in was used to perform FEA. FEA is a computational technique to analyse the behaviour of components under defined conditions. (Pasini, 2024) FEA discretises the component into a finite number of elements- the mesh. Stresses are calculated for each element of the mesh using the material properties. As the component will be undergoing compression, tension and shear forces in different areas, Von Mises aka Equivalent Stress (Shumak, 2022) is used. 
To evaluate the balance of the blade, centrifugal forces were modelled. Deflection of the blades indicated a net force and so imbalance which would result in increased friction and bearing wear.
1.3.3. [bookmark: _Toc232375467]CFD
CFD was used to baseline the performance of the fan blade- that is the velocity imparted to the air. As the design was modified the CFD was re-run to asses the impact on the blade efficiency.
CFD models the behaviour of fluids rather than solid bodies. It simplifies the model using as mesh as per FEA, then applies equations derived from conservation of mass, momentum and energy. (Pasini, 2024)
The Solidworks Flow add in was used for CFD, additional components in the form of a duct and a flat plane (as air source reference) were used. A rotating area is defined which encompasses the fan blade, CFD 
 A single rotation speed is used here for all designs, a more complete study would evaluate the optimum speed for each design. The Solidworks Flow add in was used for CFD, additional components in the form of a duct and a flat plane (as air source reference) were used.
1.3.4. [bookmark: _Toc232375468]Solidworks Plastics
The manufacturability of the design using the injection moulding process was assessed using the Solidworks Plastics add in . This uses CFD to model the flow and cooling of the plastic into the mould, highlighting area which are liable to trap air or have weld lines flow fronts meet. The add in also used FEA to show the shape of the final part- highlighting warping due to flow-induced thermal stresses. (Solidworks, 2025)

2. [bookmark: _Toc232375469]Literature Review	
DFM is designing a product with a view to it’s manufacturability as well as it’s ultimate use. There are many design choices made during development, the choice between two options could result in the same final performance of the product but increase the manufacturing cost. One aspect of this is tolerances, incorporating a lower tolerance in the product could reduce the machining time and finishing.
Being aware of and designing for common billet sizes or injection mould die sizes  is likely to reduce material cost and increase the number of potential manufacturers.
2.1. [bookmark: _Toc232375470]Cooler & Fan Research.
2.1.1. [bookmark: _Toc232375471]Finished Product Research
Techradar Reviews (Guyton, 2025) were used as starting point as it is a reputable publication and believed to be independent.
Top to bottom by rating:
	Image
	Manufacturer/
Model/ Price
	Specification
	Notes

	[image: ]
	Kootek
Cooler Pad Chill Mat 5
£33
	Fans: 4 x 70mm, 1 x 120mm
Size of pad: 380 x 300 x 35mm
	Quiet
Effective- Impressive level of cooling


	[image: ]
	TeckNet 
N8 Laptop Cooling Pad
£22
	Fans: 3 x 118mm
Size of pad: 380 x 280 x 28mm
	Affordable
Quiet

	[image: ]
	Cooler Master Note Pal U3 Plus
£35
	Fans: 1 x 230mm
Size of pad: 305 x 379 x 47mm
	Powerful yet quiet cooling

	[image: Best laptop cooling pad Thermaltake Massive 20 RGB on a white background]
	Thermaltake Massive 20 RGB
£63
	Fans: 1 x 200mm
Size of pad: 471 x 354.5 x 46.5mm
	Efficient cooling

	[image: ]
	Targus
Chill Mat
£42
	Fans: 2 x 2,500 rpm
Size of pad: 354 x 260 x 25mm

	No fan diameter given

	[image: Best laptop cooling pad Cooler Master Notepal X-Slim against a white background]
	Cooler Master Note pal X-Slim
	Fans: 1 x 160mm
Size of pad: 380 x 270 x 27.5~46mm
Fan Speed: 1400 RPM +/- 15%
Noise Level:
21dBA
Fan Airflow:
70CFM
	Thin and very lightweight

Whisper-quiet
Excellent airflow



[bookmark: _Toc232375620]Table 1: Techradar Best Cooler Results
The fan area comparison table assumes full area of is effective- no impact from centre area.
	Model
	Fan Diameter 1
	Quantity
	Fan1 Area M2
	Fan Diameter 2
	Quantity
	Fan2 Area M2
	Total Area M2

	Kooltek Cooler Pad Chill Mat 5
	0.070
	4
	0.015
	0.120
	1.0
	0.011
	0.027

	TeckNet N8 Laptop Cooling Pad
	0.118
	3
	0.033
	0.000
	0.0
	0.000
	0.033

	Cooler Master NotePal U3 Plus
	0.230
	1
	0.042
	0.000
	0.0
	0.000
	0.042

	Thermaltake Massive 20 RGB
	0.200
	1
	0.031
	0.000
	0.0
	0.000
	0.031

	Targus Chill Mat
	0.000
	0
	0.000
	0.000
	0.0
	0.000
	0.000

	Cooler Master Notepal X-Slim
	0.160
	1
	0.020
	0.000
	0.0
	0.000
	0.020


[bookmark: _Toc232375621]Table 2:Fan Area Comparison
Comparing total fan area and fan size with the qualitative review suggests larger fans offer performance with low noise.
3. [bookmark: _Toc232375472]Customer Requirements
The analysis of existing products showed that noise and airflow were the main drivers in product selection. The models with a single large fan performed well and had a clean, modern aesthetic.
The following customer requirements were derived from the research:
		Requirement



		Specification




	Maximum Blade Tip Deflection
	Minimise through balanced blade design

	Blade Balance
	Dynamic balance sufficient to minimise vibration and bearing wear

	Factor of Safety
	Greater than 2 under operating conditions

	Hub Design
	Castellated drive feature for torque transmission

	Axle Interface
	Recessed spindle fixing feature

	Blade Length
	200mm Diameter Fan

	Blade Depth
	15mm

	Number of Blades
	6



3.1. [bookmark: _Toc232375473]QFD
The QFD was used to identify where in the market the product should aim and which features support this. Grading of the products performance was anticipated to be be below that of the market leader due to their sector experience. The design specification of a fan blade at the larger end of the range should ensure a balance of performance and manufacturing costs.
The use of a single blade and motor makes the product more serviceable which should extend it’s life and reduce it’s environmental impact.
[image: ]
[bookmark: _Toc232375665]Figure 1: Cooler QFD

3.2. [bookmark: _Toc232375474]Failure Mode and Effects Analysis (FMEA)
In an FMEA, values are estimated for the following:
Severity (S): How serious the effect is if the failure occurs.
Occurrence (O): How likely the cause is to occur.
Detection (D): How likely existing controls are to miss the problem,.
The value given for each is factor are multiplied together to get a Risk Priority Number (RPN), the higher the value the more of a priority it is to mitigate.

	Process / Feature
	Potential Failure Mode
	Effect
	Cause
	Controls
	S
	O
	D
	RPN
	Mitigation

	Material drying
	Moisture in resin
	Brittle blade, poor strength
	Insufficient drying
	Dryer temp/ time checks
	8
	4
	4
	128
	Add moisture testing before moulding

	Injection moulding
	Short shot
	Missing blade geometry, imbalance
	Low shot size, low pressure, blocked gate
	Visual inspection
	9
	3
	3
	81
	Set min fill pressure alarm, gate maintenance

	Injection moulding
	Flash on blade edge
	Noise, imbalance, safety risk
	High pressure, worn tool, poor clamp
	Visual inspection
	7
	4
	4
	112
	Tool inspection, clamp force verification

	Cooling / warpage
	Blade distortion
	Reduced airflow, vibration
	Uneven cooling, poor packing, early ejection
	Dimensional checks
	8
	5
	5
	200
	Optimise cooling, packing pressure, ejection time

	Weld lines
	Weak blade root
	Blade fracture in service
	Poor gate position, low melt temp
	Visual inspection / testing
	10
	3
	6
	180
	Flow simulation, adjust gate/melt temp

	Hub / blade root
	Sink or voids
	Weak hub, imbalance
	Thick section, poor packing
	Section checks, weight checks
	9
	4
	5
	180
	Redesign ribs/ thickness, improve packing

	Material contamination
	Black specs / inclusions
	Crack initiation, cosmetic reject
	Dirty hopper, mixed regrind
	Visual inspection
	7
	3
	4
	84
	Purge procedure, regrind control

	Fibre orientation, if reinforced
	Low stiffness
	Blade deflection, noise
	Poor flow path, wrong grade
	Mechanical testing
	8
	3
	6
	144
	Confirm material grade, mould-flow review

	Ejection
	Stress marks or cracks
	Premature failure
	High ejector force, undercut, hot part
	Visual inspection
	8
	3
	5
	120
	Improve draft, ejection balance, cooling time

	Trimming / de-gating
	Damaged blade
	Imbalance, crack
	Poor trimming method
	Visual inspection
	8
	4
	4
	128
	Controlled trimming fixture

	Dimensional control
	Out-of-tolerance pitch/ angle
	Low airflow, noise
	Tool wear, process drift
	CMM / gauge check
	9
	3
	5
	135
	Add blade angle gauge, SPC

	Balance
	Excess unbalance
	Vibration, bearing wear, noise
	Uneven fill, flash, sink, trimming variation
	Balance test
	9
	4
	3
	108
	100% dynamic balance for critical fans

	Final performance
	Low airflow
	Product underperforms
	Warpage, wrong pitch, surface defects
	Airflow test
	8
	3
	4
	96
	Periodic airflow validation

	Service condition
	Blade fracture at speed
	Safety hazard
	Weak root, voids, wrong resin, over-speed
	Burst / spin test
	10
	2
	5
	100
	Define spin test, material traceability



The highest risk items to prioritise are: warpage, weld-line weakness, voids/sink at the hub, and blade imbalance.
4. [bookmark: _Toc232375475]Design and Development
Aerodynamics and fluid flow are complex specialisms, this first design imitated the basic shape, size and spacing of common designs to evaluate the performance of an non-optimised design. This was modified incrementally and the analysis repeated. Design process responding to analysis is detailed in section 5.
4.1. [bookmark: _Toc232375476]Initial Design: 200mm 6 Blade Fan
As an initial design a 6 bladed, 200mm diameter, 15mm deep fan was designed. CFD & FEA was performed to compare it’s performance and structural integrity respectively.
Nylon 101 was chosen as the reference material and a fan speed of 1000RPM was used.
4.2. [bookmark: _Toc232375477]Improved Initial Design
The analysis detailed in the next section identified the blades were imbalanced so the design was modified to mitigate this then the analysis was repeated. 
4.3. [bookmark: _Toc232375478]Final Design
Once the core shape was validated the Design for Manufacture (DFM) and design for Assembly (DFA) features were added.
[image: ]
[bookmark: _Toc232375666]Figure 2: Castellated Locating Feature
Adding a castellated feature inside the hub allows it to locate onto the motor assembly lugs and translates the rotational force to the blades. This simplifies assembly and means the hub isn’t reliant on the compressing from the pivot fixing. The radius added to the blade to hub transition are DFM features as they resolve an air trap identified in the plastic flow analysis.
[image: ]
[bookmark: _Toc232375667]Figure 3: Axle Fixing Recess
A feature to locate the axle and provide a face for the fastener or circlip to interface with. This simplifies assembly and removes the need to apply a counter sink or similar in post-processing.
The recess is 1.5mm below the surface and the castellated features protrude 1.5mm on the underside. This keeps the wall thickness as uniform as possible and is a DFM feature to reduce surface sinking.
[image: ]
[bookmark: _Toc232375668]Figure 4: Final Fan Design

4.4. [bookmark: _Toc232375479]Material Selection
The Cambridge Engineering Selector (CES) database was used to compare candidate materials for the fan blade based on stiffness, density, cost, manufacturability and sustainability. The key requirements were low mass, adequate stiffness to resist blade deflection, suitability for injection moulding and low material cost.
Candidate materials considered included ABS, Nylon 6 (PA6) and Polypropylene (PP).
	Material
		


Density (kg/m³)

	Young's Modulus (GPa)
	Relative Cost
	Recyclability

	ABS
	1,040
	2.0–2.7
	Medium
	Good

	Nylon 6 (PA6)
	1,140
	2.0–3.0
	Medium-High
	Good

	Polypropylene (PP)
	900
	1.2–1.8
	Low
	Excellent


[bookmark: _Toc232375622]Table 3:Material Comparison
ABS was selected as the preferred material because it offers a good balance of stiffness, toughness and cost while being well suited to injection moulding. The material provides sufficient rigidity to limit blade deformation while remaining lightweight. ABS also produces a high-quality surface finish and has good dimensional stability, reducing the risk of warping during manufacture.
Although Nylon 6 provides slightly greater strength and fatigue resistance, its higher cost and moisture absorption characteristics make it less attractive for this application. Polypropylene offers the lowest cost and density but has significantly lower stiffness, which could increase blade deflection and reduce aerodynamic performance.

5. [bookmark: _Toc232375480]Simulation and Validation 
5.1. [bookmark: _Toc232375481]Initial Fan Design
The static stress FEA analysis shows the material deforms significantly under centrifugal force. It can also be seen that there are stress areas where the blade meets the hub. This was reduced with a filleted transition to even the profile.
[image: ]
[bookmark: _Toc232375669]Figure 5: Stress Plot 200MM6 Blade in Nylon 101




[image: ]
Figure 2: Displacement Plot for 200MM 6 Blade in Nylon 101


[image: ]
Figure 3: 200MM.V1 Fan  Air Velocity
The CFD shows an approximate air velocity of .
Given an 200mm blade diameter the swept area is:

Airflow:

Converting to Cubic Feet/ Minute (https://flow-rate-calculator.com/, 2026) for comparison with existing designs:


100 CFM is comparable performance to the Cooler Master Notepal model, which uses a 160mm fan (36% less swept area) at 1400RPM to produce 70 CFM.

5.2. [bookmark: _Toc232375482]Blade Balancing: 200mm 6 Blade Fan Version 2
The most notable result of FEA modelling is  the deflection of the blade . Only centrifugal force was applied so the deflection is likely due to an imbalance in the blades profile. The design was modified to add a radius to the upper edge in an attempt to balance the profile.
The centre of the fan was also made solid as this is more representative of the final application.

[image: ]
[bookmark: _Toc232375670]Figure 6: 200mmVersion 2 Air Velocity
	
The airflow in version 2 appears less turbulent without the centre hole. Air velocity also appears to have increased for a brief period. 
FEA analysis of the version 2 resulted in only a 10uM reduction in displacement from applying a 10mm fillet to the upper corner.
5.3. [bookmark: _Toc232375483]Swept Cut to Blade Profiles
The model was repeated with a swept cut applied to the upper blade in order to balance it and so reduce the displacement.
This reduced the von Mises stress in the blade by over 50%.
[image: ]
[bookmark: _Toc232375671]Figure 7: Stress Plot Balanced Blade in Nylon 101

Displacement of the blade tips was reduced by over 75%.[image: ]
[bookmark: _Toc232375672]Figure 8: Displacement Plot Balanced Blade in Nylon 101
Material choice can be used to reduce the displacement in the blade, a material such as ABS is more rigid than Nylon (unionfab.com, 2024). The goal here was to understand the shortcoming of a very simple fan design and what modification can mitigate these.
[image: ]
[bookmark: _Toc232375673]Figure 9:Balanced Blade with Duct Shown
Although blade displacement was reduced, in order to remove sufficient material from the upper edge the length of the blade was shortened (due to the simplistic profile used for the cut). This resulted in a significant drop in the air velocity to below 1m/s.

5.4. [bookmark: _Toc232375484]Injection Mold Simulation
Using the initial design, the injection moulding tool design process was considered. The design had not been optimised for the manufacturing process so gave feedback as to what should be modified in the final design.
The fill point was chosen as the central point in the design and the default 7mm nozzle size was kept.
The Solidworks Plastics add in suggested that the default 28. 5MPa  fill pressure was more than adequate and that there was less than 10 degree temp difference across the mould by the end of the fill. 
Weld lines from the ends of the fills meeting were not an issue due to the outward fill pattern.
There were air traps at the start of upper edge and end of the lower edge. These should be designed out the introduce a failure point and surface irregularity respectively.
[image: ] 
[bookmark: _Toc232375674]Figure 10: Fill Time Plot
Cooling time appears to be in the region of 15 seconds due to the thicker walls in the hub area. These were not stressed areas in the FEA so the thickness should be reduced to speed cooling and reduce materials giving a cost and sustainability benefit.
[image: ]
[bookmark: _Toc232375675]Figure 11: Cooling Time Plot
5.5. [bookmark: _Toc232375485]Final Design
One aspect of design for manufacture in injection moulding is to ensure there is a draft angle of at least 0.5 degrees applied to ease extraction of the part (Bayer, 2000). To accomplish this the original CAD model was amended to have a mid plane with an increased diameter hub. The loft feature drafts outwards upto this mid point then reduces towards the top surface. The mid point represents the split line in the mould.
A 1 degree draft angle requires a 0.25mm increase in the diameter. The 1 degree draft is also applied to the internal void.
5.6. [bookmark: _Toc232375486]Moulding Analysis
The analysis shows the part can be successfully filled with a pressure of 30.5MPa and a fill time of 1.22 seconds. The radius applied to the upper and lower blade to hub areas have successfully removed the air trap warnings. The removal of the sharp lower corner of the blade has removed the air trap there but there are now two possible traps at the end of each blade. This is the last area filled so prone to trapping air, two area suggest it may manifest as surface pitting rather than a distinct void which is tolerable. Vents could be added here.
There are new air trap warnings on the recessed face where the spindle is attached, this is not visible and not critical to the fit so is tolerated.

[image: ]
[bookmark: _Toc232375676]Figure 12: Fill Time & Air Traps
A single gate point has not produced issues with weld lines due to the hub filling within 0.25 seconds while the plastic is with 10 degrees of the injection temperature. There are some cold areas in the hub where the temperature drops by 30 degrees, this is the last area to fill.
[image: ]
[bookmark: _Toc232375677]Figure 13:Flow Front Temp
Cooling time for 90% of the part to reach 75 degrees is 18 seconds. This could be reduced with thinner wall sections. This would need to be done iteratively with each reduction being tested for strength until the required factor of safety is met then stepped back.
[image: ]
[bookmark: _Toc232375678]Figure 14: Sink Marks
Sink marks are a maximum of 0.1mm and limited to the hub area where there is most material. This is unlikely to be spoil the aesthetics and the blades are not affected so there is no impact on airflow.

6. [bookmark: _Toc232375487]Cost Calculation Analysis
6.1. [bookmark: _Toc232375488]Manufacture Cost Estimate
The mould-flow analysis predicted a cooling time of approximately 18 s and a fill time of 1.2 s. Including mould opening, ejection and closing operations, a total cycle time of 25 s is assumed.
The production rate on a machine producing a single cavity:
Production Rate = 3600 / 25
Production Rate = 144 parts/hour
Assuming an injection moulding machine cost of £40/hour:
Machine Cost per Part = £40 / 144
Machine Cost per Part = £0.28
As injection moulding is largely automated, one operator can supervise multiple machines. Assuming a labour rate of £15/hour and four machines per operator:
Labour Cost per Part = £15 / (144 × 4)
Labour Cost per Part = £0.03
6.2. [bookmark: _Toc232375489]Material Cost Estimate
Solid works gives the fan a mass of 25.9 grams in ABS.
The typical cost of ABS granules is approximately £2.50/kg.
Therefore:
Material Cost = Mass × Material Price
Material Cost = 0.0259 × £2.50
Material Cost = £0.065
Allowing 10% for sprues, runners and manufacturing waste:
Adjusted Material Cost = £0.065 × 1.10
Adjusted Material Cost = £0.072
Therefore, the material cost of the fan is approximately £0.07 per unit.
The material cost is therefore estimated to be approximately £0.07 per fan, indicating that material consumption represents only a small proportion of the total manufacturing cost.
6.3. [bookmark: _Toc232375490]Break Even Analysis
The manufacturing cost is estimated to be approximately £0.38 per fan.
A steel injection mould suitable for high-volume production is estimated to cost approximately £10,000.
Assuming the fan is sold to a cooling stand manufacturer for £1.00 per unit, the contribution margin is:
Contribution = Selling Price − Manufacturing Cost
Contribution = £1.00 − £0.38
Contribution = £0.62
The break-even volume is therefore:
Break-even Volume = Fixed Costs / Contribution
Break-even Volume = £10,000 / £0.62
Break-even Volume = 16,129 units

7. [bookmark: _Toc232375491]Sustainability Considerations
Sustainability was considered throughout the design process by minimising material usage while maintaining adequate strength and stiffness. The use of FEA enabled the blade geometry to be optimised, reducing unnecessary material and therefore lowering both manufacturing costs and environmental impact.
The fan was designed for manufacture by injection moulding, a high-volume process with relatively low material waste. The selected thermoplastic material can be recycled, and manufacturing waste such as runners and rejected parts can potentially be reprocessed.
ABS is recyclable and the relatively low component mass of 25.9 g minimises material consumption. The use of simulation-driven design further reduced environmental impact by optimising the geometry before physical prototyping, reducing material waste and development iterations.
The balanced blade design reduces vibration and bearing wear, increasing the service life of the product and reducing the likelihood of premature replacement. CFD analysis was used to improve airflow performance, allowing the required cooling effect to be achieved with lower power consumption.
Overall, the design supports sustainability through efficient material use, reduced waste, lower energy consumption and improved product longevity.

8. [bookmark: _Toc232375492]Discussion and Recommendations
The final fan design largely satisfied the customer requirements identified during the market research and QFD process. CFD analysis predicted an airflow of approximately 100 CFM, which is comparable to commercially available laptop cooling stands while operating at a relatively low rotational speed of 1000 RPM. This supports the requirement for effective cooling with low noise generation.
FEA identified significant blade deflection and stress concentrations in the initial design, particularly at the blade-to-hub interface. Design modifications, including filleted transitions and balancing of the blade profile through a swept cut, reduced blade displacement by over 75% and reduced von Mises stress by more than 50%. These improvements are expected to reduce vibration, bearing wear and noise, contributing to increased product life and reliability.
Repeated repetition of the process would allow the optimum blade profiles for the chosen RPM ranges to be found. This would improve the efficiency and so reduce power consumption. This is a low power device so the carbon reduction impact would be small, the greater benefit would be allowing it to be used from a battery pack.
The mould-flow analysis demonstrated that the design could be manufactured successfully using injection moulding with a single central gate. Design modifications eliminated several air traps and reduced the likelihood of moulding defects. Sink marks were limited to non-critical hub regions and predicted warpage remained within acceptable limits for the intended application.
Several design trade-offs were required during development. Balancing the blade profile reduced structural deflection but also reduced blade area, resulting in lower airflow performance. Similarly, increasing material thickness improved stiffness but increased material usage, manufacturing cost and cooling time during moulding. The final design therefore represents a compromise between aerodynamic performance, structural integrity, manufacturability and cost.
DFM use of snap fits in an excluded area would make assembly tool free but risk damage if disassembly is needed.
The blade balance has been improved but there is still some deflection, one a truly balanced profile is found there will be less stresses on the fan. From here the material thickness can be reduced until the minimum acceptable (strength) value is found.
Model Based Design is an effective tool to speed development and reduce costs, it is not the complete solution though. The fan should be prototype using a small batch method such as 4 axis CNC milling or additive manufacturing. A resin 3D printer would give a high quality surface finish and a truly cross-linked polymer which would be very close to the injection moulded product.
Only centrifugal forces were considered here as the fan is protected within and enclosure so not expected to be handles after assembly. Fatigue analysis should be conducted once the blade is completely balanced, the small deflections in the blade could result in failure if the material isn’t sufficiently elastic or the design concentrates deflection into small areas.

9. [bookmark: _Toc232375493]Conclusion
The study has taken a broad approach to using FEA and CFD in the design process. This is a real world approach as the effort of making a final mould design wouldn’t be committed to until the product design is finalised.
The CFD analysis showed that the design is capable of generating airflow comparable to existing commercial products, while FEA identified and resolved issues relating to blade imbalance and stress concentrations. The final design achieved significantly lower blade deflection and improved structural performance through geometry optimisation. Injection moulding analysis confirmed that the component could be manufactured using high-volume production methods with acceptable fill times, cooling times and defect levels.
Using plastic flow analysis informs the design process so that modifications which improve function do not create moulding issues as it moves to production.
Material selection using the CES methodology identified ABS as a suitable compromise between performance, cost and sustainability. The low component mass reduces material consumption, while the balanced design is expected to improve service life by reducing vibration and bearing wear. Manufacturing cost analysis indicated that the component can be produced economically at scale, supporting commercial viability.
The scope of the assignment was very wide, essentially the full process from identifying the features of a competitive product through to the manufacturing and business case ( in regards to cost). As such each section addresses the most important aspects only.
Overall, the final design successfully meets the key performance, manufacturability and sustainability requirements of the project. The study demonstrates how model-based design tools can accelerate product development and support the creation of cost-effective products suitable for high-volume manufacture.
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