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Introduction

A report was commissioned with the purpose of analysing and modifying Computer Aided Design drawings using appropriate design principles and evaluation tools. The aim was to look for ways to effectively optimise these designs and identify areas for efficiency improvements in two distinct tasks.
 This report will explore the use of Design for Additive Manufacture (DfAM) principles to assess the vast potential that additive manufacturing (AM) technology can bring to design optimisation compared to more traditional approaches. These elements coupled with manufacturing improvements can provide designers with key benefits, such as reducing manufacturing costs, improving quality while allowing for the implementation of geometrically complex structures that would be unfeasible to achieve through conventional manufacturing processes (Durakovic, 2018).
The optimised design in this case was a bottle rocket launch platform powered using compressed air.  Renderings have been achieved using generative design and other additive design elements to present options on possible modifications that can be implemented to make it suitable for AM. Further to this, DfAM principles and virtual testing such as finite element analysis will be employed to explore the suitability of these processes with the stated application of the component in question allowing for recommendations to be explored, for optimal additive process and material selection. 
The second task examines how an existing design can be optimised for high volume manufacture. Within this task a comprehensive review of a 3D printed wind turbine design was employed to highlight areas for improvement specifically in the area of manufacturability. Quality Function Deployment (QFD) was employed with the aim of inspiring design development ideas which were used to populate a design specification, this placed emphasis on the customer needs and promoted for these to be aligned with the characteristics of the products design. By adopting this approach critical design characteristics can be analysed and provide the best chance of a transition to mass manufacture.
A manufacturing proposal was completed to identify the key stages in the transition, data gained from the implementation of the principles explored was used to identify suitable manufacturing processes for the application. Through the combination of the principles highlighted, it is posed that a design will be created which is compatible with the design specification provided and can be fully justified.
Although AM processes have diverse applications, it is suggested that it is not the optimal manufacturing process for mass manufacture (Griffin et al., 2018).  Scamper and Lucas assembly methods were applied as a systematic approach to proactively identify and address inherent design modifications, while refining the manufacturing processes and material selections to best suit the application. Arguably working in this manner can minimise risks of failure and enhance the likelihood of a high quality wind turbine design that is reliable and scalable.


Task one

Approaches for redesign
In preparation for redesign a Product Delivery Process (PDP) was formed to allow for the opportunity to identify customer needs to make appropriate design choices for the assembly in question (Pugh, 1991). The PDP as shown in figure one sets out a framework to plan a logical approach for the redesign of the bottle launch platform. This enabled the analysis of suitable AM design features to be considered and organised. The original design assembly was assessed and the components catalogued to display each part and its purpose within the design. The purpose of this was to identify areas that could be optimised by utilising the geometric freedom that can be achieved by using AM principles.


Figure one, Product Delivery Process- Source: (Pugh, 1991) 
[image: ]




Market research
The purpose of the original design was to launch two litre bottle rockets using compressed air. The assembly is cycled using an external air source such as, a bike pump or air compressor to control a two way directional control valve (DCV), charge an accumulator, and also fill the rocket body with compressed air. When the desired amount of air pressure is stored in the accumulator the double acting cylinder moves forward and locks a safety release plate around the lip of the bottle rocket, following this the DCV is moved to allow for the air to fill the rocket to 5 bar. The DCV is then moved back to its original position and the air is stored in the bottle under pressure. At this point the rocket is live and is waiting for a signal from a button in the circuit to remove the safety catch plate to allow the rocket to launch. 
Fig Two- Original Design component list.

[image: ]As shown in figure two the assembly is constructed of twenty two components in its associated assembly. The main body of the launch pad is constructed from 30mm aluminium with two supporting structures affixed on the top, these are connected to the base using 50mm mild steel 90 degree angle brackets. The brackets are affixed using three M8 cap head fasteners on each side. Further key components shown here are the rocket safety release plate and also the bottle air nozzle. The weight of the rocket platform total is 6.5kg and it was created exclusively using the reductive manufacturing techniques of Manual milling and turning. Safety was a key factor in the original design as the launch pad is used as a lesson aid within an educational institution.  This was the justification for the material choices in this case, with emphasis placed on over engineering the launch rig to withstand higher forces than it would ever encounter in its operation.


Specification
 A QFD house of quality was populated (figure four)  to assess customer requirements for a rocket launch pad. Nine were identified with a further fourteen design characteristics noted to achieve the demanded quality of the customers in this case. Using the information gained from the calculations in the QFD it was possible to rank these design characteristics in order relative importance, shown in figure three.
Figure three - Rocket launch pad design specification.
[image: ] 



The data suggests that safety is a key customer need, shown is that the safety critical design characteristics such as safety mechanisms and the ability to withstand pressure scored highest. The specification shown here has identified the need for a safety catch plate to stop the bottle from launching prematurely and also the need to operate at 5 bar, with the ability to withstand up to 8 bar of air pressure, further to this a pressure reducing valve could be fitted to mitigate this to ensure that it does not exceed its stated functions. Also identified was the need for a wide base to support the rocket platform and need for reduction of the existing parts. In this respect this suggests that AM a good candidate it allows for the achievement of component consolidation (Cardona and Tovar, 2015), that is difficult and expensive to achieve using wasteful subtractive machining processes (Jayawardane et al., 2023). Internal features can be achieved using AM which would allow for the incorporation of an integrated air system which would help reduce the overall amount of parts needed. By reducing the amount of material wasted and also changing the material from aluminium to a form of plastic it is posed that the cost and the weight of the design can be drastically reduced. The concern identified here is whether the additive process is capable of safely withstanding the pressures and questions whether the design will be durable enough for continued use.








Figure four - Rocket launch pad QFD
[image: ]
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Concept Design
By utilising the design specification, concept design approaches were considered and analysed. To identify areas for possible optimisation and improvements. Three approaches were considered; generative design, finite element analysis and component consolidation. These were achieved using two Computer Aided Design (CAD) packages; Solidworks and Fusion 360.
Figure Five - Original Design.
[image: ]

In the case of Autodesk fusion 360 the original design was opened and edited to allow for the application of the applicable forces in this case. It quickly became apparent that after configuring the geometry variables on the assembly that the generative tool was having issues in solving the design to an acceptable and practicable standard. A decision was made to split the assembly into its component parts to reduce the load on the design tool.




Figure Six- attempting to select geometry for generative design.
[image: ]







More success was gained after separating the assembly into its component parts as shown in Figure seven, eight and nine.  Two outcomes were achieved which were fit for purpose, although this was only achieved when applying forces within the load case parameters which far exceeded the loads applied during its operation thus forcing a false result. 







Figure seven - Cylinder bracket geometry settings.
[image: ]

[image: ]Figure eight - Cylinder Bracket Generative design outcome one.



Figure nine- Cylinder Bracket Generative design outcome two.
[image: ]

Further generative design studies (shown figures eleven through thirteen) were actioned using for the launch pad base although the results gained were not favourable. Modifications were made to the structural loads and forces applied on three separate occasions to attempt to improve the results.  Due to this a decision was made not to continue with the use of generative design and pursue alternative design tools.

[image: ]Figure ten- reduction in assembly components to attempt optimised results.


[image: ]Figure eleven- Base outcome example one.


[image: ]Figure Twelve- Base outcome example two.


Figure thirteen- Base outcome example three.
[image: ]


Optimisation through consolidation
The concept design was further explored by employing component consolidation techniques to integrate as many components into the base plate as practicably possible.  This was achieved by removing the need for secondary supports and fixings. The immediate benefits were apparent, and actioned to create an optimised design for AM techniques. Components were analysed to identify areas for efficiency improvement and new design was generated to take advantage of the complex geometries that can be achieved through additive processes. It has been suggested that consolidation of components can save time and reduce costs within manufacturing process, this is supported by Stevenson et al (2017), where it was found within their applied case study that part count could be reduced by 93% and their costs by 85%.
By consolidating the design there was a 77% reduction across the assembly. This result is favourable as it directly translates into removing time consuming machining processes including various different set ups that had previously had to be performed. These included various milling and turning processes such as, drilling the cross hole in the air nozzle which was previously an extremely time consuming process in the original manufacture of the launch pad. 
Figure fourteen.- Consolidated component list.
[image: ]
	
Failure Modes and Effect Analysis (FMEA)
A FMEA was performed on the concept design with the purpose of analysing potential failures in the product (included as supplemental document). The primary use of an FMEA is to anticipate potential risks and then explore solutions to mitigate them. This has the benefit of critically evaluating the product to improve the safety and reliability before manufacture (Denson et al., 2014). This technique can provide invaluable insight into the product design phase and reduce the risk of failures at a later stage in the design process.
Within the FMEA three process functions were identified- these including the air nozzle, cylinder support, and the safety catch plate support.
One main area for concern was the suitability of the additive process for the pressures involved. As material is deposited in layers during the additive process it is prone to defects which can cause internal structural weaknesses (Rifuggiato et al., 2022). To assess the safety of the product a reccomendation has been made to create a functional prototype for testing to assess product safety.
[image: ]Figure fifteen- consolidated concept design.


Detail Design
By using the design specification and the FMEA data derived from the concept drawings a final design was drafted. Further modifications were made against the previous iteration to satisfy more areas of the design specification. The object height was reduced to make the design lighter and more compact, as it was identified that the length of the air nozzle could be reduced due to the fact that there are no benefits to supporting the bottle as after the first 40mm the launch tube is not in contact with the bottle neck. This also removed a snagging point in the design which reduced the risk of breaking the launch nozzle off. Furthermore all corners were modified to include radiuses on all sharp edges to improve the safety characteristics. This held a dual purpose as it also allowed for the opportunity to shed extra weight from the design. This reduction of material coupled with the modification of the launch tube showed a marked reduction in the weight of the final design against the concept. The final modification actioned was adding radii at the point where all extrusions attached to the body. Evidence suggested by (Nazir et al., 2021) that this is a good design approach as edges without radii are more prone to shearing under force or load.
[image: ]Figure sixteen- concept design.







[image: ][image: ]Figure 17- Final design and mass



Finite element analysis (FEA)
FEA simulation principles were also applied to the model with a simulated drop test study. Evidence suggests that this is a useful tool to apply within the design process as the analysis can pre-emptively identify areas of inherent weakness in a design so that it can be corrected before the manufacture stage (Glodová, Lipták and Bocko, 2014). To perform the test a mesh was firstly added to the launch pad and the material properties changed to nylon (shown in figure eighteen). The drop height was set to 1800mm and the study was then run. Shown in figure Nineteen the component performed well under these simulated conditions with no obvious deformation recorded. This suggests that the design will be a good candidate against the specification and can be advanced to the manufacture stage.




[image: ]Figure eighteen- FEA mesh





[image: ]Figure nineteen – FEA simulation










Manufacture/ sell 
AM processes were researched, and found that Selective Laser Sintering would be the most appropriate choice for the scenario in question. The justification for the use of this process over more common and accessible methods such as Fused Deposition Modelling is due to the quality of the finish parts that can be achieved by using this process (Groover, 2013). As the launch pad has an internal air hole integrated into the design it is important that the assembly is both structurally strong enough to cope with air pressure applied to it and also air tight. It was identified that this can present issues within Fused Deposition Modelling(FDM) as the layers can leave voids (Flodberg, Pettersson and Yang, 2018), which may either allow air to escape or alternatively cause inherent areas of weakness where catastrophic failure may occur. 
Further benefits to SLS (Groover, 2013) are that it does not require rafts or supports to reinforce overhanging features such as the holes and slots shown in the final design, due to the supporting effects of the powder medium that the part is immersed in. This reduces the need for elements of post processing of components compared to FDM, as the supports (displayed in light blue on figure twenty) must be removed manually.
Figure twenty- STL file being sliced for 3D printing
[image: ]
Although regarded as a process that creates high quality components SLS does not come without obstacles.  The principal problems include component accuracy  (Flodberg, Pettersson and Yang, 2018), and the mechanical performance of fabricated parts against other more traditional manufacturing processes with research suggesting a tensile stress reduction of 20-25% compared to injection moulding.  Porosity is one such issue that can affect the components in this case, with research finding that it is a present phenomenon in SLS applications (Haidiezul and al, 2020). This porosity can cause inherent weaknesses within finished components from which failures can occur. 
Shrinkage is another common issue which can occur during the cooling phase of the component. This can result in accuracy failures within the part causing the need for further post processing activities to correct or alternatively cause the part to be scrapped. Research finds that shrinkage can be controlled through the optimisation of print parameters such adding extra material to the CAD design, altering the laser light intensity and exposure time but this often results in failures before the correct settings are identified  (Dastjerdi, Movahhedy and Akbari, 2017).
Through research, Nylon 12 was identified as a suitable material for the launch pad assembly (3D People, 2023). Nylon 12 has broad additive applications and possesses material properties such as high tensile strength, impact resistance, resistance to harsh environments and temperature resistance. When processed using SLS Nylon 12 is suitable for end use applications with minimal post processing. Although Nylon 12 possesses positive material properties, the caveat lies in the high cost of the material in its powdered form. 6kg of medium costs £600 (Additive X, 2023), without factoring the cost of printing. Further to this it is limited to the colours of either white or dyed black, making it unfeasible for certain finishing requirements.



It has been calculated using the formula below to find an approximate cost for each component using SLS printing (3D People, 2023):

X=Length
Y= Width
Z= Height
SLS unit price = (X+1) x (Y+1) x (Z+1) x 0.00011 
SLS unit price =(301)x(216)x(81)x0.00011
SLS unit price= £579.25
These results have been further explored and quotations sought to gain an accurate representation of component cost. Figure Twenty shows that the costs are in similar ranges with the print costing £591 per unit. This cost can be reduced further by purchasing in higher quantities as shown in figure twenty two, although this presents an issue for this application as it was key to keep costs to a minimum
Figure twenty one – SLS print quotation
[image: ]




[image: ]Figure twenty two- Bulk purchase pricing





Task 1 Conclusion
This task has shed light on the suitability of AM for the application of the product. The redesign of the launch platform revealed a number of benefits that could be achieved through optimisation of the design for 3D printing such as the opportunity for incorporating in built geometric features and also by consolidating components that are typically unfeasible to manufacture using conventional means (Cardona and Tovar, 2015).
 A comprehensive analysis was performed using generative design, QFD, FMEA and FEA design principles to create both concept and final designs. Identified that 3D printed components are prone to internal weaknesses and shrinkage caused by error (Flodberg, Pettersson and Yang, 2018) (Haidiezul and al, 2020), in the printing process and also the laminar method by which the material is deposited. As the purpose of the launch platform in this case is to perform demonstrations for students it is key that it can be operated safely and without the risk of failure.
 Through cost calculations of SLS printing coupled with quotations gained it was revealed that the chargeable amount for manufacture would be £591 (People, 2023). This price point could be reduced significantly if purchased in bulk although in this case it would not be required. By critically examining the available evidence, it suggests AM would not be the most suitable practical application in this case. 
Task two

A task was set to redesign product that is optimised for AM processes and make it suitable for high volume production of 1000-2000 units per week. The aim in this case is to provide an analysis of how this transition could be achieved using appropriate design for X tools. 

Concept design appraisal
A QFD house of quality was populated to assess customer requirements to be considered and to implement quality characteristics that fulfil those requirements. The data gained aided in the creation of a product design specification:
Figure twenty three- Design specification for wind turbine redesign
[image: ]

By utilising the information gained through the specification and the QFD (shown in Figure twenty four) it is possible to evaluate the original design to find areas that can be optimised as well as identify design elements that should be present in the redesign.
The purpose of the concept design is to provide power to charge small electrical devices. Achieved by utilising a generator to transfer wind energy to charge a battery. The concept design has been created using AM techniques, which means in its current form it will be unfeasible for high volume manufacture  (S.Jung et al., 2023),  due to the time constraints applied to the scenario, making AM unsuitable for the task.
The target audience has been identified as individuals who spend time outdoors, this suggests that there will be a need for an item which is portable and resistant to drops. These characteristics lend themselves to the need for weatherproofing, which from observations of the original design it appears there are none. Modifying this may include selecting materials which are resistant to water, extreme temperature and Ultra Violet (UV) exposure. Another element that relates to this subject is the need for Ingress protection to be present to protect the internal components and electrical circuitry to ensure that the wind turbine works reliably and safely.
Risk assessment (Subramanian et al., 2023) is a key area that needs to be explored when creating finished products for the end user, and safety should be regarded as the highest a priority. In the original design there are clear areas for improvements such as, the modification of areas which may pose pinching or trapping hazards to the user. In figure twenty six it also appears that the copper windings on the 3 phase motor are not shielded, this again shows an area that would need to be rectified within the final design phase. If the item is to be marketed in certain countries, there may be regulatory requirements that need to be considered which may include safety or technical standards which can pose a barrier if not identified and addressed at an early stage of the design process.
Aesthetically, there are some modifications that could be made to the design to make it look more refined for the end user. It appears like a prototype with rough and sharp edges (seen in figure twenty six and twenty seven)  may pose issues with marketing the product. Users will expect a design that is attractive, safe and easy to operate. If the product looks unfinished it may give the impression that the item is of a low quality and either limit the price that can be achieved or affect public perception to the point where they refuse to purchase. The material choice may need to be considered in this case also, as the market may include users who are attracted to that fact that it generates power in an eco-friendly manner. Consideration should be taken into selecting materials that can be recovered at a later date by means of recycling.
Figure twenty four- QFD for wind turbine.
[image: ]








[image: ]Figure twenty five- trapping hazards

Figure twenty seven- folded turbine.
[image: C:\Users\jorda\AppData\Local\Temp\Temp2_Wind Turbine Model Files (task 2)-20230602.zip\6A.jpg]

[image: ] Figure twenty eight - concept assembly






Manufacturing process proposal
To expand the operational manufacturing output of the wind turbine it will be necessary to optimise the design and production process to suit the volume requirements stipulated in the brief.
The business would require a plan to increase its productivity and efficiency while minimising its operational costs. Process planning involves determining the most effective manufacturing process for the task and deducing a logical sequence in which to assemble the product to its completed form.
Identified in the manufacturing process proposal is that gas assisted injection moulding (British Plastic Federation, 2023) is a suitable method for manufacturing the body components as it produces parts that possess a high dimensional accuracy, and a high degree structural integrity. Injection moulded components also do not required any secondary processes such as polishing or painting which cuts down on steps in the manufacturing process.
As shown in figure twenty nine a proposal for a process sequence is displayed .This lays out the basic sequence in which each operation is carried out to give a visual display of the manufacturing process.
Figure twenty nine- process sequence proposal

Injection moulding equipment would be required to construct both the external body of the wind turbine, the nose cone and also the blades. This may require the purchase of new equipment such as machinery, moulds and tooling which should be factored into production costs.
The method of manufacture should be assessed next to identify how the manufacturing operations are going to be achieved (Groover, 2013). At this point it should be identified which operations should be completed by which method. It is suggested that the injection moulding process would benefit from automation due to the safety concerns of operators handling hot plastics which could possibly injure them. A suitable suggestion here would be to approach this process from a lean manufacturing standpoint. The principles of lean manufacturing are predominantly on using less, whether this is minimising the amount of components in an assembly or reducing the amount of time and operations to manufacture a product (Kaneku-Orbegozo et al., 2019). The system is far reaching and is used to look at the manufacturing process as a whole to find areas that can benefit from improvements. By harnessing the potential of automated production it will increase productivity and quality while reducing the need for a larger workforce. It can also combine processes where manufacturing and quality checks can be combined (Groover, 2013). The caveat with that there is a large initial investment is required to integrate automation into a process compared to utilising manual operators. This can be decided based on the volume of output required within a business and the level of risk that the operator is exposed to.
Considerations for suitable materials were made for the injection moulding process and two possible materials were identified. Using the design specification, research was applied to find plastics were weather resistant, lightweight and also resistant to impact. These properties were present in materials such as acrylonitrile butadiene styrene (ABS) and nylon polyamide (PA) (British Plastic Federation, 2023). Each material has their merits and limitations but for the application in question it was found that ABS would be the best choice. The justification for this choice over PA circulates on the superior abilities for this application. ABS is dimensionally stable under extreme stresses which may cause other materials to warp or break and possesses higher impact strength compared to PA which is often prone to warping. ABS is also a lower cost than PA (Jerry, 2021), and hold more water resistance and can be extensively dyed to provide a range of different finishes.
For the assembly of the final component it is suggested that this is completed manually by an operator, this is due to the relatively low amount of operations to fully assemble and also to harness the inherent dexterity, skilled knowledge and judgement possessed by a human. It is proposed that the wind turbine body be suspended in a jig to allow access to the wind turbine body. The body can then be progressed along an assembly line to add in all of the necessary components to complete it to its finished form. 




Design considerations using scamper 

Scamper is a brainstorming technique which can that uses a framework of questions to allow for problem solving (O.Serrat, 2017).
Figure thirty- Scamper diagram
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Using this technique it was possible to identify areas which could be optimised for customer use. Substitution of each component was looked at to see what could be optimised for this purpose. In the original design the bearing was not sealed which would expose it to liquid and solid contaminants. Research suggests that using an unsealed bearing in this manner increases the chance of premature bearing failure  (Maru, Castillo and L. R Padovese, 2007). This was swapped for a sealed 28mm o/d roller bearing in this case which is sealed for the life of the product. 
Figure thirty one – Sealed bearing
[image: ]













By combining components and making them dual purpose, it reduces the need for extra assembly processes and can make the component look more refined and aesthetically attractive.  The redesigned product has the nose cone of the wind turbine and has been combined with the mounting surfaces for the turbine blades. This has removed the need for secondary connections and in turn has made the design more compact.
[image: ]Figure thirty two- Nose cone.







Many adaptations have been applied to the design although, a key change has been in the application of weather sealing the wind mill to make it resistant to water and dust. The case has been completely sealed except for a 0.5 mm vent hole at the bottom of the case to allow for air to enter and escape. The reason for this is to prevent the case from cracking due to pressure build up inside. The case has been weather sealed with a 0.5mm thick rubber gasket seal which covers the entire mating surface between the power generator and the wind turbine body to prevent the ingress of contaminants. This has been coupled with the modification of the design of the generator to provide a wider contact area with the sealing surface and also the addition of mould in M6 threaded inserts (figure thirty three) to provide a stronger mounting point to allow the component to be fixed to (Engineering Product Design, 2023).
[image: ]Figure thirty three- mould in m6 threaded lug

The battery system has been modified from externally mounted to internally. This was necessary to allow for the weatherproofing of the product. Although the ability to change the internal battery may be attractive to some consumers, the data gained from the QFD suggests that as the need for ingress protection scored highly it is a trade-off that is necessary to make. A suggestion which may address this could be to also market an external battery pack which can be charged using the energy gained from operating the wind turbine.
[image: ]Figure thirty four – battery mounted in case






While evaluating the original design it was identified that the wind turbine did not contain any external charging ports. To resolve this the redesign had an addition of a USB-A connector and also a USB-C connector. This is an example of how the design has been changed to adapt for a use that it was initially designed for. This proposed design change provides the opportunity for connecting multiple devices.
From the original design iteration to the final there has been a large number of components that have either been combined or eliminated. The two most notable eliminations have been the removal of the tail and also the removal of one blade. The decision for eliminating these components was made in the interest of a number of factors, namely weight reduction and increasing portability for the consumer. Further to this it removes assembly operations for the manufacturer and also cuts down on material costs which, would affect the overall profit of the product.
The caveat of this choice in the case of the tail fin is that research suggests that the ability to rotate to pick up changes in wind direction may be reduced (V Singamsitty, 2017), although it could be argued that this is mitigated more by the consumer’s needs. In regards to the turbine blades it has been found that the elimination of the blade would actually provide a performance enhancement (Adeyeye, Ijumba and Colton, 2021). This is due to the greater wind resistance present when more than three blades are added. By utilising three blades compared to four there would be a power generation will be higher and the turbine will operate more efficiently. 





Figure thirty five - final design assembly
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The Lucas Method
The Lucas method was applied to identify where optimisation may be made within the assembly process of the wind turbine. As shown in figure thirty six the original assembly process of the turbine has been evaluated and scored. This information was then used to brainstorm ideas of how to augment the process to make the assembly of the finished product more efficient.
Figure 36- Original design Lucas assembly score sheet
[image: ]

Figure thirty seven shows the method after it has been repeated for the redesigned wind turbine assembly. As shown there has been a marked reduction in number of components compared the original design. This was a key factor in reducing the handling and assembly scores to achieve the finished product. Other applications that can be credited here include the addition of features in the design such as the snap fit portions on the blades for accelerated assembly and the integration fixing dowels to allow the blades to pivot open and closed.
[image: ]Figure thirty seven- Redesigned wind turbine Lucas assembly score sheet


Further modifications were made to the design to enhance ease of assembly such as incorporating the use of press fits. These were present on the 12mm bearing, the turbine blade dowels and also on the mating faces between the generator and the nose cone. The benefits of this approach is that if maintenance is required in future it will be possible to disassemble the components. This was also the justification for including M6 countersunk fasteners to secure the generator to the turbine body. Other methods such as snap fit connections were considered but their addition would have added inherent reliability issues compared to screwing, and added extra complexity to the component making it more expensive to manufacture or difficult to source.

Task 2 Conclusion

Through the analysis performed within this task and the application of the design for X principles, it is posed that a suitable and logical process of manufacture has been achieved for the transition from a prototype to mass manufacture. The application of lean manufacturing principles (Kaneku-Orbegozo et al., 2019) was suggested as a proposal which have been shown to reduce load on the manufacturing process, while maximising output and minimising waste.  Suggestions were given of achieving the stated goals by using injection moulding techniques (British Plastic Federation, 2023) coupled with automation and final assembly and quality control by human operators (Groover, 2013). 
Scamper principles (O.Serrat, 2017) were applied to provide a toolkit for modification of the concept design. This set out a framework in which it was made possible to identify areas for optimisation while eliminating components that were not necessary. Justifications for design choices were shown to work towards satisfying the specification drafted. A notable design elimination was achieved here as research suggested that the reduction from a four to a three blade design would reduce wind resistance and boost power output (Adeyeye, Ijumba and Colton, 2021).
Finally, the Lucas assembly method was used to make comparisons between the concept design and the final design. As the scores show there was marked reduction in the scores between both designs. This was largely achieved through elimination of unneeded mechanical fasteners by using optimising areas of design to compliment the manufacturing process.
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Starts as raw material


Nose cone and outer body are injection moulded


Components are inspected


Components are built into assembly


Final Quality control








ubstitute one part for another with higher performance.


ombine components to improve the product.


odify the product for optimisation.


earrange the design and/ or the components in a product to look for improvements


dapt the product to suit customer needs.


ut to other uses that the product maybe was not designed for.


liminate components that are useless or are not valued by customers
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Design Specification

‘Safety mechanism

Safety catch to prevent premature rocket
launch,

Wistand pressure

Needs to operate at 5 bar and withstand 8 bar
(pressure reducing valve to be used).

Sturdy Construction

‘Awide base .

“Quick To assemble

Consolidate to minimise parts .

In Built air nozzle

Integrate launch air nozzle and air hole into
design.

Minimal parts

Consolidate design to minimise parts.

Material choice

Select a suitable material and AM process to
achieve goals.

‘Ability to be staked down

Holes to allow the for ground pegs to be fitted.

No Sharp edges

Rounded corners on design,

Tightweight

<5kg in weight.

s standard 2 Lire boffes

Fit 22mm 2| bottle opening.

Reswiant o vealer

Select a suitable material that is water/ sun
resistant and appropriate AM process to
achieve goals.

Towsost

<E50in cost.

Compact

Reduce design parameters.

Variety of colours

Material selection/ filament colour.
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Fix around the bottle neck lip
to prevent premature bottle
launch,
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Specification

Features

Purpose

To provide power off grid to charge mobile devices.

Function

Create power by harnessing wind energy to spin a turbine to charge
battery. Needs to be dust and water resistant.

Target market

People who spend time outdoors e.g. campers, walkers etc. People who
want to use sustainable energy resources,

Materials

Needs to be lightweight <2kg, needs to be resistant o dropping. Needs to
be affordable. Needs to be weather resistant.

Maintenance

Blades should be replaceable.

Safety No trapping points, no exposed electrical contacts, sturdy construction
Environmental Made of recyclable materials / components can be recycled after use.
‘Aesthetics ‘Smooth surface, aerodynami

Ergonomics Portable

Manufacturing | 1000-2000 units per week

Quantity

Product life span

3years
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