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Modern additive manufacturing techniques have many advantages over traditional approaches. It is intended to exploit these benefits to alleviate inherent faults with an assembly that utilises traditional techniques. The assembly in question, a Water Objective are assemblies used in conjunction with High Content Screening Microscopy instruments, traditionally used for drug discovery. The system uses light sources of varying wavelengths, thus colours. The light sources are used to excite a sample that has been dyed with pigmented enzyme which attaches to different parts of the cell, depending on the wavelength of the light source used, will fluoresce the respective part of the cell.
[bookmark: _Toc139318715]The Assembly
The purpose of the Objective is to magnify the sample being analysed in the instrument. There is a myriad of different objective configurations, including an Air or Water type objective and varying magnification intensity, the type selected will depend on the required application. For example, a lower magnification such as the 1.25 times magnification Objective benefits from a wider field of view which can witness more simultaneous interactions in the sample, however, this is at the detriment to the detail of the image. This would be useful for early-stage research where the outcome of the drug or vaccine and the cell is unknown. Alternatively, the 63 times magnification Objectives’ benefits are the inverse of the lower magnification, where the field of view is much narrower, however, the cell features on the images taken are much more pronounced. 
[image: A picture containing screenshot, light, colorfulness, art

Description automatically generated]Regarding the differences between Air or Water type Objectives, a Water Objective would be used where cell illumination and detail is paramount. As the name suggests, the Water Objective uses a cushion of water between the optic lens and the sample plate well bottom which allows more photons to be transmitted through the optic compared to the Air Objective, resulting in higher resolution images as highlighted in Figure 1. An added benefit resulting from the more efficient light transmission, it requires less power to excite the samples which protects the sensitive live samples from damage from light bleaching. [bookmark: _Toc139318695]Figure 1: Water immersion objectives (2022)
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Assembly Evaluation

To understand the design flaws with the Water Objective Assembly, the Design Failure Modes and Effects Analysis (DFMEA) mechanism will be used to establish where the process failures are, the severity of them, the frequency of occurrence and what control measures are in place to combat the impact of the failure modes on production and instrument performance. This will output a Risk Priority Number (RPN) which identifies what areas need attention relative to itself. It is expected that after measures have been implemented, the RPN number will decrease indicating a more stable product from the design phase.
The DFMEA tool was applied to the Water Objective assembly, as presented in Appendix 1, to establish its failure modes. Most notable of which is water leakage, which can damage optical and electrical components in the instrument, and the perpendicularity of the optic relative to its base which can cause focus failures, edges in the area of focus and poor quality images. The DFMEA tool outlined a RPN score of 1948.
The Water Objectives flaws result from its manufacture method. The Zeiss Optic is purchased externally, with the water collar fluid assemblies subsequently added. Due to the relative complexity of the Water Objectives collar with its internal water flowing features, it is not possible to manufacture the Objective as a single unit, so, different parts are manufactured individually - some are mated using glue, others with screws and O-Rings. The different assembly methods and flowing water results in leaking components.
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[bookmark: _Toc139318696]Figure 2: Original Water Objective Assembly


As the instrument can hold multiple Objectives, the instrument has the ability to index and change Objectives with use of the Objective Revolver assembly. This assembly rotates until the required Objective is in position and can stop abrubtly. The purpose  of the Exhaust Ring as highlighted in Fig 3 is to prevent the overflow of any residual water from the collar from halting expeditiously. This area can leak from the joint of the two parts from insufficient gluing and even soft failures such as degradation over time. Similarly the Water Collar Tubes are joined to the Shell Ring displayed by gluing as in Fig 4 and therefore suffer the same issues.
The Objective Mounting Ring and Shell Ring are secured together with three screws and water leakage is prevented using an O-Ring Between these two parts Figure 5 and 6. However, if this O-Ring is pinched or not seated correctly, it can leak water into the optical systems below it causing poor images and focus failures. The Zeiss Optic is threaded into the Threaded Base and sealed from water leakage again with an O-Ring from the rotation. This frequently distorts the O-Ring, leading to water leaks.
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[bookmark: _Toc139318697]Figure 3: Exhaust Ring Highlighted
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[bookmark: _Toc139318698]Figure 4: Water Collar Tube Insertion
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The outcome of the DFMEA process outlined that the fundamental flaw with the assembly is leakage. To alleviate the multiple potential failure modes relating to leakage, component consolodation of the assembly can be achieved with use of Additive Manufacturing (AM) techniques. Additive Manufacturing methods can manufacture all of the individual components as a sinlgle assembly by creating the intricate internal water ways and complex structures, layer upon layer and sealing these internal features internally once completed, a task that is impossible using reductive machining methods. The DFMEA process as, displayed in Appendix 1A, output an RPN of 1948, 1607 of the the RPN IS attributed solely to leakage faults, highlighting the neccesity for alleviating any instrument failures resulting from the Objective leaking.
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Additive Manufacturing Techniques

There are multiple means of additive manufacturing techniques that use a number of materials and different methods to build the components layers. Such methods include Fused Deposition Modeling (FDM), Stereolithography, Selective Laser Sintering (SLT), Material Jetting (MJ), Binder Jetting (BJ), and Direct Metal Laser Sintering (DMLS). Particular attention must be paid to the type of additive manufactuirng technology used to create the new consolodated assembly due to the many advantages and disadvantages of each method and must be carefully considered to ensure the correct functionality of the assembly. 
 As the majority of the assembly is of a polymer construction, Additive Manufacturing methods such as Fused Deposition Modelling, the most common and inexpensive method that utilised polymers and resins exclusively, could be considered. This method has a large benefit over alternatives as it allows the internal ring to be produced without the use of supports, with the simple addition of a 45 degree support taper to avoid the neccesity for supports in the additive manufacturing process. This avoids subsequent additional machining processes in a difficult area and will not effect the functionality of the feature. Adversely, this method will require additional materials, thus increasing the cost, but this cost increase would be negated by the eliminated post processes. However, despite the positives, concerns of accuracy of small features in the assembly where tolerances are of import. Specifically in regards to the thin walls, internal structures and external water pipes that have a 1.7mm hole, this level of accuracy isn’t achieveable with this method. 
Stereoliphography and Material Jetting use Ultraviolet light to cure a photoreactive liquid to create components. These methods alleviate any tolerancing concerns as they are much more accurate than the aforementioned method. Although Hashmi and Yilbas (2014) and Cocklan (2023) agree that structurally, components manufactured via Material Jetting and Stereographical techniques are relatively weaker than other additive methods, it is not of import for the application of the Water Collar assembly as it is not subjected to any strenuous forces. The use of these methods seem appropriate, however, as outlined by Shirvan et al. (2012), these methods have a fundamental flaw for the intended application. As the Photopolymers used in process, by nature, are photosensitive and are cured by use of Ultraviolet light. Where in the Microscope, to observe cells, Ultraviolet light among other wavelengths of light is utilised and would have the potential to distort or otherwise damage the water collar even when the polymer has been cured.
Due to the highlighted concerns, the plastic utilising additive manufacturing technologies are not viable for the use of the Water Objective Collar, leading to the consideration of metallic methods, such as Binder Jetting, Direct Metal Laser Sintering and Selective Laser Sintering. Binder Jetting lacks the precision required, surmised by Mostafaei et al. (2021) as “the inability to predict the large amount of distortion that occurs when sintering single alloys to full density, which lowers the overall accuracy of the process” regarding delicate features. 
So, by process of elimination Direct Metal Laser Sintering and Selective Laser Sintering remain. Ghani et al. (2016) studied these two methods directly comparing their accuracy when creating an internal cooling channel, akin to the water channel used on the Objective assembly. They established that the Direct Laser Metal Sintering was more of an accurate dimensionally accurate process deviating 2.88% from the CAD defined dimensions compared to the Selective Laser Sintering’s 5.12%.  Regarding surface finish roughness and corresponding porosity, DMLS performed worse than SLM, where for the purpose of this assembly, surface finish is not of concern as incidentally, the surface roughness will absorb more stray light in the microscope chamber reducing light contamination of the images as only the intended light source is exciting the sample. Furthermore, the porosity and resultant surface finish can be remedied by experimenting machine settings until an adequate surface finish is achieved (Kozak et al. 2021). Additional machining efforts will need to be employed to remove the supports used in the process but postprocessing will be used to fit the hydrophobic coating surrounding the Water Objective lens aperture. The coating holds the droplet on the surface of the lens as it is not coated. The surface tension of the water holds the droplet above the surface. 



[bookmark: _Toc139318718]Assembly Optimisation

Based on the findings from researching additive manufacturing techniques, the most appropriate method to be used is Direct Metal Laser Sintering (DMLS). To create the component consolidated model, some features were altered as per Fig 7 the Objective Mounting Ring no longer required the screw slots for affixing the two components together. As in Fig 8 the internal waterways and flow directions were designed into the new assembly to ensure these features remained. 
Using Generative Design methods to produce an additively manufactured product, output Fig 9 and 10 as the most applicable design based on component similarity. To get to this point several issues had to be rectified. Due to the diameter of the holes and wall thickness of the pipes for the water flow being too narrow, the generative design process did not take them into account and instead rendered them as solids. In order to satisfy the limitations of DMLS where holes cannot be less than 1.5mm, the internal hole diameter was enlarged to 2mm from 1.3mm. This may produce issues regarding the flexible pipework that feeds water to the objective when in situ, it may be possible to utilise the original pipework as it has elastic properties which may allow the new design revision and fit over the new diameter pipework. Alternatively, increased internal diameter flexible pipework may have used instead, however there are no space limitations for the pipework routing and any fluid pressure concerns can be rectified by increasing the rotational speed of the positive displacement pump.
Using the increased size parameters for the water feed pipe allowed the all-important holes to remain throughout the assembly, however one oversight was the need for horizontal supports for the Water Collar Tubes from the Shell Ring again displayed in Fig… This would require additional post processing not accounted for to ensure the flexible pipework could be fitted to the pipes. This could be rectified with a redesign of the pipe assembly to ensure that they stand further from the body with a stronger base as minimising post processing at the cost of a little more material and cost is preferable. Two post processing measures are unavoidable with 3D printing methods, fitting the hydrophobic ring around the aperture of the crown assembly and machining the internal fine thread for the optic to affix to the assembly as threads cannot be accurately produced to the tolerance required of the application.
As in Appendix B, the DFMEA proccess was continued with to take into account the consolidation of parts resulting from the design and manufacturing method change. Implementing the recommended actions reduces the RPN by 65.2464% from 1948 to 677 by simply removing a number of failure modes that occurred as a result of the assembly process. The only failure modes that remains regarding water leakage is from the attachment from threading the newly consolidated assembly to the Zeiss Optic, sealing with use of an O-Ring. This measure cannot be avoided due to importance of exteremely high tolerancing and surface finish of the Zeiss Optic assembly and that it is purchased from an external manufacturer. Futher utilisation of the DFMEA process as in Appendix 1, where all recommended actions including those of which are not by using additive manufactuirng and are resultant of process changes or additional detection measures, reduces the RPN from 677 to 454.
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[bookmark: _Toc139318702]Figure 8: Internal Waterways
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[bookmark: _Toc139318703]Figure 9: Additive Generative Design.
[bookmark: _Toc139318704]Figure 10: Completed Generative Design
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The use of DFMEA has had clear, beneficial effect on the assembly optimisation. The number of failure modes were greatly diminished by identifying problem areas and highlighting methods to combat these problems. 
The use of the Direct Metal Laser Sintering additive manufacturing process enabled the recommended actions of component consolidation to be used thanks to the process being able to create features and dimensions otherwise impossible using traditional means. The use of the generative design software proposed multiple different options of which only a few were of use for the functionality of the part. The same software allowed for Topology Optimisation, however due to the diminutive size of the component attempting to be optimised and the number of features that had to remain for the functionality of the part, including internal diameters for the Zeiss Optic to be attached meant that the design could not be made any more efficient than it was without considerable redesign of other areas of the instrument or the Objective assembly itself.
Should the additive manufactured redesign be more cost effective to produce, in terms of reduced assembly time and material and production cost, it is reasonable to consider this method. However, costs incurred during the research and development efforts to ensure the performance and functionality of the new part due to using alternative manufacturing methods, to ensure it reaches important ISO quality accreditations may outweigh the potential cost benefits. Furthermore, the performance of the newly designed water collar regarding concentricity specification may not be feasible achieve without significant, precise post processing which may devalue the usefulness of the new design.
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A manufacturing company requires a review of a portable wind turbine prototype that currently uses methods such as 3D printing for manufacturing components. Albeit, Additive Manufacturing has benefits, including ease of swift redesign and production of components in the prototyping phase, it is not viable for the production targets of said manufacturing company, who have production volumes of 1000 to 2000 units per week. Using a combination of Design for Excellence methods, the production methods will be evaluated and altered where necessary in order to fulfil the customer’s requirements.

[bookmark: _Toc139318722]Concept Design Appraisal

To create a route of how to get from the customer’s requirements to measurable design targets and positive final outcomes, Kamvysi et al. (2023) Jaiswal (2012) the Quality Functional Deployment methodology was employed, Appendix 2. To begin with, the design requirements were fed into the House of Quality (HOQ) product planning matrix Akao, (1990) to ensure the Voice of the Customer (VOC) is part of the foundation of the design appraisal ensuring customer satisfaction and maximising startup efficiency, Rawlings-Quinn (No Date). The customer only stipulates a higher production volume, so assumptions were made based on the information provided by the customer and what other areas are traditionally of value, such as aesthetics and functional requirements.
The HOQ scoring system outlines that the manufacturing and assembly methods utilised, the materials used, and the component size were of highest relevance to the customer requirements. These points are expected as they are all paramount to increasing the production numbers to within the customers limits. Albeit the HOQ is a useful indicator, it lacks significant detail and does not give the facility to incorporate it (Andronikidis et al., 2009). For this purpose, a Product Design Specification was created, Appendix 3. This is a method taken from the Total Design process developed by Pugh et al. (1998), will allow clearer identification of important areas to keep in mind throughout the product development process, further building on the House of Quality.
The HOQ highlights the importance of the optimisation of the assembly and manufacturing times and the PDS detail shows a reoccurrence of the significance of the functional uses of the product, requiring it to be lightweight, durable and easily dismantled. A method to satisfy both techniques is optimising the design and material choices. A more adequate material choice will ensure that the components are durable and lightweight, but also more efficiently produced than additive manufacturing methods so will satisfy the production targets whilst simultaneously creating a better surface finish and aesthetics, giving the impression of a more quality assembly from the customer’s point of view.
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Whilst referencing the findings of the House of Quality and the Product Design Specification, it is now required to plan the process in which to achieve these criteria regarding material and manufacturing method choice. As aforementioned, the QFD processes outlined the components are to be durable due to their exposure to the elements when in use. Casting and machining of metal products are a consideration on this basis. However, metals such as steels can be ruled out based on their weight which would be too high for their application and ferrous materials are not applicable either due to their environment and poor corrosion resistance without the aid of post-processing or additional coatings. Lightweight, corrosion resistant metals such as titanium are much too expensive, however, aluminium is a genuine consideration.
Shivsharan et al. (2021) explored the potential of using aluminium for a lightweight miniature wind turbine. Their findings were although the aluminium was indeed lightweight and had the ability to resist corrosion and to genuine torque figures of use, there are many reasons why this exploratory research should be criticised and is not applicable to the customer’s wind turbine design and application. Firstly, to minimise the rotational mass of the blades, they used 0.7mm thick aluminium sheet, rolled and formed into a wind capturing turbine design. This method is very labour intensive and not ideal for mass production. Furthermore the design lacked the ability to fold so using a similar material would require significant redesign of the customer product. Furthermore, the thin gauge material could injure the operator especially when operational and in addition to this, their methodologies of testing were not robust enough to be relied upon. However, despite the experiment’s shortcomings, there are some points that could be applied to the customers assembly. The study highlighted a positive correlation between total wind-turbine blades and generated torque, should the assembly be lacking the required power for its application, this is a valid theory to be tested.
More traditionally, turbine blades are manufactured using techniques that utilise glass fibres and other layering and forming techniques. This approach and the rapid increase of end-of-life wind turbine blades from the wind energy generation sector have produced many tonnes of fibre containing polymers which make the turbine blades exceedingly difficult to recycle or repurpose as detailed by Xu et al. (2023).
Considering the future recycling issues of fibre containing polymers, using pure plastic manufacturing methods are a leading method to use from a sustainability standpoint. Components can be produced using recycled raw material and can be recycled at the end of their working life. Manufacturing speed is improved by removing layering of fibrous material in the blade as production is oftentimes conducted by hand which is labour intensive and due to the portable wind turbine’s relative size it does not require strengthening from the fibre content. 
Due to the relatively complex geometries in the components, some polymer manufacturing methods such as compression moulding, thermoforming and vacuum forming are not viable options due to these processes being more suited to sheet plastic materials and simple component geometries. For the turbine blades and the tail, the use of injection moulding is the most applicable manufacturing process. As Singh & Verma (2017) outline, the injection moulding process lends itself well to parts with complex geometries, with smooth surface finishes and high dimensional accuracy all whilst achieving minimal cycle times. Injection moulding may require a side action core method to facilitate the holes in components such as the rotor blades and the tail mount , this is preferable as the other option is to use post machining processes but these features may also be produced without any side action processes by careful design of the die’s used in the process and ensuring any holes or undercuts are in the same orientation or direction as the injection unit. 
[bookmark: _Toc139318725]Product Manufacturing Method

As with all manufacturing operations, it is the goal for the production process to be as efficient as possible incorporating as many Lean manufacturing principles into the process as possible. As the numbers production numbers of 1000-2000 per week are already outlined, a Pull-System has been established, it is now necessary to establish a process flow. 
As an early-stage production part, the Continuous Flow method will be utilised for producing the Turbine assembly over traditional Batch Production methods for several reasons. Any design or functionality issues found with the turbine once in uses, if large batches were produced, the options are to continue building with known inherent faults or to scrap of potentially large quantities of parts, a huge negative for Lean manufacturing principles of minimising waste. Alternatively, Continuous Flow allows for any highlighted issues to be rectified and implemented before any more components or assemblies are manufactured. 
A substandard Lean practice is when productivity is reduced. The Value Stream Mapping tool specifically highlights that downtime or wait time between processes should be actively reduced via continuous improvement. As the exact setup of the manufacturing company is unknown, there is a risk of high amounts of idle time between manufacturing operations, especially in the initial weeks of production as most parts are going to be produced using injection moulding. The process is limited by the number of machines that are available this combined with the risk of potential issues arising with the parts produced in the injection moulding process would have other manufacturing operations such as assembly and packing on stop. The continuous flow method alleviates this risk by ensuring for every set of components produced, the ability to assemble and ship a complete turbine is still present continuing the revenue stream.
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Assembly attributed labour contributes the most to production costs Bralla (1999) further demonstrated by the migration of labour to countries where assembly wages are cheaper. To enable the production to be as efficient as possible and achieve the desired product quantity targets, Boothroyd & Dewhurst (2011) Design for Manufacture and Assembly (DfMA) method concept was adopted. This method aims to redesign product elements with regards to the manufacturing and assembly processes, so the processes are optimised and as efficient as possible. Such methods include objectives such as component consolidation, standardising components and fixings and reduction of threaded fasteners. Other reward factors include reducing the number of orientations the component can be fit in, ensuring that the part is not overly cumbersome or too small and the ability for toolless assembly. To reduce the environmental impact of the assembly at the end of its life cycle, all components bar the screws, bearings and motor are manufactured from the same polymer due to difficulties recycling multiple polymers containing assemblies (Agarski et al., 2023).

[bookmark: _Toc139318728]Tail Fin

As visible in Fig 11 There are several components and screws required in order to produce the assembly which can be orientated in many ways. The proposed redesign would remove the need for attaching the toothed rear bracket to the Tail Fin via use of four screws. The components are consolidated into one by the freedoms allowed using injection moulding techniques. Furthermore, the toothed design was replaced by a more simplistic method which allows the assembly to be orientated in the two positions that are required open when in use and inversely positioned for transportation via the original thumbscrew. This limits the number of orientations the Tail Fin assembly can be fit in, via a toolless method which is a success factor in outlined in DfMA procedure. The choice to produce a keyway in the reciprocal metal attachment is to ensure that machining can be conducted entirely on a traditional three axis lathe, which can simply produce an undercut, however, creating the toothed feature may require post processing on alternative machinery or the use of a multi-axis lathe, incurring additional expense.
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[bookmark: _Toc139318705]Figure 11: Original Toothed Tail Fin Design
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[bookmark: _Toc139318706]Figure 12: Simplified Tail Fin Design
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The original bottom bearing assembly required a use of a circlip to assemble the inner threaded fixing to the bearing and an additional circlip to secure the bearing to the turbine body. DfMA principles penalises the small and delicate parts and the use of tooling, such as fitting the circlips. To reduce the complexity of the assembly, the bearing could be redesigned so that the inner threaded feature was the inner race, consolidating components and reducing the number of circlips. However, this method will not be utilised as it is preferable to use standardised, non-custom parts (Chang et al. 2005). To achieve toolless assembly with standard components, the inner threaded feature and the bearing can be pressed into position by use of an interference fit, thus consolidating components and removing the use of finite tooling and circlips. Due to the thermal expansion coefficient of the steel bearing being higher than that of the plastic turbine body, this could be achieved by suitably cooling the bearing and fitting it into place. 
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[bookmark: _Toc139318708]Figure 14: Pressed Internal Feature
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The turbine blades had the component quantity reduced by simply combining the blade and mounting bracket together via the benefits of using injection moulding procedures. This also removes the gluing procedure previously used to join the turbine blade to its base and any associated curing times that may hold up production. Despite the recommendations of Ulrich & Eppinger (2008) and Chang et al. (2005) to endeavour maximise components symmetry to optimise assembly efficiency by minimising component reorientations, the importance of the wind turbine blades orientation to ensure its functionality requires error proofing mechanisms installed. Poka-yoke, developed by Shigeo Shingo. Poka-yoke is defined as “the use of any automatic device or method that either makes it impossible for an error to occur or makes that error immediately obvious once it has occurred” Tague (2005). Applied to the turbine blades to the central hub, when in assembly these parts visible are orientated a specific way, that if they were inverted, it would be clear. An additional safeguard in place is the through hole on the blade mount is off-centre, so if it was inserted in a different orientation, it would not be possible to affix it to the hub assembly.
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To further simplify the assembly operations of the assembly, as laid out via DfMA principles, is to minimise the number of fixings used in an assembly. The most efficient assemblies have no required fixings, this will be employed with the Rotor Hub to the Three Phase Generator. This assembly will be secured into position using adhesives with the addition of a slot in the Rotor Hub to add a failsafe should the glue fail; the rotor will still be able to rotate the motor even if the soft failure of glue degradation has caused the two components to become uncoupled. However, in some cases fixings are unavoidable. Figure 16shows the assembly without the nuts on the original design. Limitations with permissions on the CAD software did not enable alteration of screw lengths, however the sentiment remains even if the illustration does not mimic it. In place of the nuts, threaded features would be included inside the main body assembly or the rotor hub assembly. This could be formed threads or inserts such as Helicoils. If additional strength is required, this eliminates the use for additional tools to be used in assembly and mitigates the risks of dropping nuts increasing the TAKT time of the process. Furthermore, all screws in the assembly will be of the same length and of a standard size to ensure assembly improvement. Bralla (1999).
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[bookmark: _Toc139318710]Figure 16: Fixing Reduction and Ergonomics
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Additional Considerations

To prepare for transportation of the wind turbine assembly, the turbine blades must be folded down. To unlock them from this position, the nosecone must be unscrewed. In a study performed by Rowson & Yoxall (2011) the importance of the relationship between the coefficient of friction and force exerted in unscrewing operations, in this case applied to jar opening, is highlighted. To mitigate the loss of grip on the nosecone in cold and wet conditions, it was redesigned to be 55mm in diameter, which the study found had the best ergonomic properties for the average female hand thus leading to higher forces exerted. It was also found in this study that the men were able to exert more force in the opening operations with a similar spherical grip across the range of lid diameters, so optimising the nose cone redesign diameter for women would also ensure men could screw and unscrew nose cone in a range of conditions. This figure is corroborated by Marandi (2013) who states that the diameter range for power gripping operations is between 45 and 65mm. As a result, the nose cone was redesigned with a 55mm radius to allow for enhanced grip and the indentations had the chamfers removed for additional edge grip.
To evaluate the successes of the design optimisation, Boothroyd et al. (2013) outline methodology in which to calculate the assembly time of a product based on factors such as number orientations a component can be fit in, the size and weight of a part and if tooling was required to fit the part. This methodology could be used to prove to the customer, based on a repeatable metric, that the implementation of the Design for X procedures was a worthwhile cost saving measure produces tangible results. Furthermore, the assembly time estimation model will outline an approximate assembly time per unit, it would then be possible to prove the number of assembly operators are required to reach their production targets.
The design efficiency applied to the assembly functional requirements can be evaluated using CAD simulations, such as highlighting any structural weaknesses by stress testing.  Testing the performance of the assembly by evaluation of estimated power generation in realistic boundary conditions Beatrice et al. (2017) following with functional sample testing ensuring adequate performance of the assemblies.





[bookmark: _Toc139318733]Conclusion

The aim of the wind turbine redesign was to optimise the manufacturing and assembly processes and ensure the voice of the Customer was headed by achieving their target production demands by employing Quality Functional Deployment (QFD) and Design for Manufacture and Assembly (DfMA).
Material selection was based on end-of-life environmental impact considerations, weight and resistance to weathering a suitable polymer would be used in this process, manufactured using high volume injection moulding methods as to fulfil manufacturing demand. 
The use of DfMA played a crucial role in the redesign process leading to several improvements, however there is the potential to be further optimised for manufacturing and assembly, especially in the Main Body, Generator and Battery vicinity. However, without further information on exactly what components are required to be fit into these cases and areas it is not pertinent to estimate design changes without this knowledge as the potential to reduce the efficiency of the manufacturing, assembly or functional process of the design is too high.
Overall, the redesign of the prototype successfully aligned with the design targets, customer requirements via an optimised design and process. The success of the project is due to the implementation of traditional Design for X processes, however, to truly understand if the process was successful, applications of manufacture and assembly time calculation models should be applied to the original assembly and the redesigned assembly to observe if the time taken.
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1Performance The product must perform its primary function of generating electricity to power small electronics

2Envrionment The product environment will be outdoors and exposed to the elements so must resist weathering and be waterproof

3Life Expectancy

Although Life Expectancy is not stipulated, it will represent a large investment from the customer so it must last a reasonable amount of time.

The longevity of the part is directly correlated to the manufacturers image and quality of the product

4Maintenance

It is not designed to require maintenance of any internal system

Moving parts such as rotor blades may need lubrication or cleaning when soiled, so must be easily accesible by the customer

5Product Cost This is not stipulated by the manufacturer, although it must be competitive with others in the market with similar power generation capabilities

6Availability of Components Components must be available for necessary repairs or component replacement in the event of damages

7Packaging The packaging must be sufficient enough to protect the product in transportation

8Transportation This is a concern for that of the manufactuer

9Quantity Production quantity of 1000 to 2000 units per week

10Manufacturing Facilities Manufacutring facilities are ensured to be sufficient enough and have the required machinery to achieve the production quantities

11Size and Weight The turbine is designed to be portable so it must not be too cumbersome and as lightweight as possible whilst maintaining suitable durability

12Aesthetics and Finish

Component finishes must be aesthetically pleasing to the eye

Component finish may directly affect the performance of the turbine via aerodynamic drag

13Materials

To keep weight to a minimum and strength to a maximum.

Carbon fibre could be adopted, must consider price to perfromance tradeoff

Plastics are a more likely option and have faster manufacturing processes to achieve the customers requirements

14Life Span Products in this area are likely to be superceded quickly when better or more efficient technology becomes available.

15Standards and Specification International Standards are the responsibility of the manufacturer

16Ergonomics

The turbine has folding blades to enable its portability this system must be quick and effective and easy for a customer to complete single handedly in 

potentially cold and wet situations

17Quality and Reliability

The turbine must work in its envrionments as it could be relied upon by the user in difficult rural areas.

Failure modes kept to an absolute minimum

Keep the design as simplistic as possible

18Shelf Life Shelf life should be unlimited providing storage conditions are favourable

19Processes

Manufacturing processes will be efficient as possible and envrionmentally friendly as reasonable practicable

Assembly processes should be minimised with an efficient design and similarly efficient

20Testing

100 % product testing should be achieved initially until sufficient data is gathered then batch testing will be used to ensure production numbers are met without 

having startup failures

21Safety Rotating blades, potentially at speed during high winds. Ability for a braking feature or other methods to stop the fan blades.

22Company Constraints None highlighted. Producing methods to achieve production numbers as cheaply as possible without sacrificing quality.

23Patents Responsibility of the manufacturer to check.

24Product Liability Responsibility of the manufacturer to check.

25Installation Operation] The assembly and operation of the turbine should be easy enough for an untrained individual to perfrom with assistance from a work instruction or similar.

Portable Wind Turbine Design Specification
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