


[bookmark: _Toc139313311]Abstract 
Additive manufacturing is an increasingly utilized manufacturing technique that involves adding a chosen material layer by layer to produce a completed part. This report set out to complete two tasks: first, to conduct a case study on design for additive manufacturing, and second, to investigate the high-volume production for a portable wind turbine. This report documents the process of designing a golf putter to be produced by additive manufacturing, specifically powder bed fusion. With the use of quality function deployment, topology optimisation through SOLIDWORKS, and generative design tools via Fusion360 a completed part was designed, and a prototype was created using ABS plastic to prove the findings. Furthermore, this report investigates mass production of a portable wind turbine which is manufactured by 3D printing. Research and methods used within this report such as manufacturing process proposal, concept design appraisal and Lucas’s DfA evaluation  method found that the original design met the product requirements for customer market but was hindered by the assembly time, this was revaluated after a redesign of certain parts of the complete product.
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The term ‘additive manufacturing’ refers to a group of technologies that can instantly and easily convert basic solid model data into physical models. The data is made up of a collection of 2D cross sections of finite thickness. Once the data has been inputted into an additive manufacturing machine, these cross-sections can be assembled layer by layer to create a complete physical part. As a result, the additive manufacturing process reproduces the geometry of the virtual model. Additive manufacturing produces the geometry of the part without having to accommodate for conventional manufacturing processes, for example different tooling, draft angles, and undercuts. (Gibson, 2015).
Additive manufacturing processes come in various types and configurations, each one being suitable for specific applications and material selection. Some of the most common additive manufacturing processes are:
· Material extrusion – material is selectively dispensed through a nozzle.
· Vat polymerization – a liquid photopolymer in a vat is selectively cured by light-activated polymerisation.
· Powder bed fusion – thermal energy selectively fuses regions of a powder bed.
· Material jetting – droplets of material are selectively deposited and cured on a ‘build plate’.
· Sheet lamination – sheets of material are bonded to form a part.
· Direct energy deposition- focused thermal energy is used to fuse materials by melting as they are being deposited. (UWTSD, 2023)
Each technology offers unique advantages and limitations, allowing for a wide range of applications and material choices. 
Diegel (2019) suggests that some industries approach additive manufacturing processes as a direct replacement for conventional manufacturing technologies. However, this approach does not fully employ the capabilities that additive methods offer. Like the design requirements of manufacturing technologies, the optimal production capability of additive manufacturing is dependent on the implemented design. Parts of increasing geometrical complexity can be generated without the financial limitations found with conventional manufacturing through design for additive manufacturing. These designs allow for the use and production of complex geometries, lattice structures and designs through topology optimisation which would be difficult to produce using conventional manufacturing processes. 
Due to its layer-upon-layer manufacturing procedure, additive manufacturing can be relatively slow by nature compared to conventional manufacturing technologies, for example, injection moulding or CNC machining. This means it is an expensive technology, for this reason, it is important that additive manufacturing is only used when it adds enough value to overcome the high cost of producing the part. 
[bookmark: _Toc139313314]Aims of this report
This report will be split into two sections, the first section being a case study on applying design for additive manufacturing principles to a golf putter. This will identify an appropriate additive manufacturing process and material selection for the component. The other section will look at high volume production using additive manufacturing, specifically 3D printed parts. The report will look at redesigning parts of a portable wind turbine to optimise the manufacturability and assembly of the system. 

[bookmark: _Toc139313315]Objectives of this report
For the case study on the golf putter in this report, design for additive manufacturing principles will be reviewed, for example, component consolidation, multi-material design and tessellation. In addition, topology optimisation and generative design though Fusion 360 will be implemented to generate a design. A quality functional development (QFD) will also be produced for this design.
In section two of this report, redesign of the portable wind turbine for mass production this report will review the concept design appraisal, this will include the consideration of the expected customer and the end user needs applying the principles of development of a design specification. Additionally business needs will be reviewed when selecting a manufacturing process for mass-production. Finally, to complete this review of redesign, ‘design for X’ evaluation techniques will be implemented to generate new designs and features. 
[bookmark: _Toc139313316]Topic 1
[bookmark: _Toc139313317]Background of product. 
Trinkwon (2019), states that the history of golf putters has evolved from simple wooden sticks to complex and technologically advanced designs. The main function of this club is to get the golf ball into a hole from a short distance. 
When golf was first introduced golf putters were called ‘putting cleeks’ and fashioned by hand from wood, the shaft was usually ash and the club head would be a hardwood, such as beech. 
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Figure 1 Source: Shotten (2023). 
Trinkwon goes on to state in the mid-19th century metal golf putters were introduced. These heads were formed from brass or bronze and allowed players better weight distribution and improved control of the ball. Golf putter technology significantly progressed in the 1950’s, during which the science of accuracy, stability, forgiveness, and distance control were introduced. They go on to imply that manufactures started to incorporate new materials like stainless steel and titanium to offer improved robustness and feel. 
The progression of the golf putter design and material choice showcases the continues quest for improved sports performance and player satisfaction. In recent years putter designs have become more diverse and innovative depending on the brand. The most common types of golf putter you would see on a golf course in 2023, according to Olizarowicz (2023) are:
· Blade putter- known for accuracy and consistency with a short alignment aid but longer from heal to toe.
· Mallet putter- these putters have a semi-circle back which shifts the centre of mass further back, than a blade putter, and keeps the putter stable when the ball is hit off centre. These putters are used for players who favour distance control as they have a longer alignment. 
· Modern mallet putter- these are large putters which are oversized compared to a mallet putter and usually adjustable to the player’s needs. They commonly combine a range of materials, and the large head allows engineers to push the centre of mass further back in the putter head. 
[bookmark: _Toc139313318]Putter Design 
This project will be based on a blade putter with additions made for additive manufacturing such as a lattice feature. The features that will be focused on are:
· Heel-toe weighting – Blade putters will incorporate a heel-toe weighting. This refers to the weight being distributed towards the heel and toe of the putter head. This design feature enhances the moment of inertia and reduces twist when striking the ball which increases forgiveness and stability. 
· Alignment aids – The putter design will be minimalist but follow the trend of alignment aids running through the centre of putter to assist golfers in aiming their puts. This alignment will either be in the form of a straight line or through dots. 
· Lattice structure- Most commonly, golf club faces are milled as the striking face needs to be precision-machined. This putter will incorporate a lattice feature, made possible through, additive manufacturing to enhance the golf club. 
[bookmark: _Toc139313319]Design constraints 
Golf is a sport with rules and the clubs used should be conformant to these rules. It is critical that the putter design is within regulation for use. 
· The distance from heel to the toe of the head must be less than or equal to 177.8mm.
· The distance from the heel to the toe of the face must be greater than or equal to two thirds of the distance from the face to the back of the head
· The distance from the bottom of the club to the top of the head, including any additional features must be less than or equal to 63.5mm. (R&A, 2023)
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Figure 2 Source: R&A (2023).
[bookmark: _Toc139313320]Design for additive manufacturing principles
Engineers, designers, and operators should consider a range of build related elements when considering the setup of an additive manufacturing.
Component consolidation 
Incr3dible (2019) state parts consolidation is a process in which multiple parts can be combined during the CAD process for printing, this allows for design changes without compromising on the functionality of the product. If possible, parts consolidation offers numerous advantages as it reduces the number of parts that need to be manufactured into the final assembly. This is an operation which isn’t feasible using conventional machining methods due to the complex structures formed. Part consolidation also lowers the risk of failure, for example, the instances of part failure decreases when the part has been manufactured as a single unit rather than assembled separately. It is also a cost saving measure, if the assembly process is taken out of the equation it will reduce possible cost-driving influences such as quality control and inventory management.   
Multi-material design 
Hasanov, 2021 discusses in their journal that the fabrication of multi-material parts using a low-cost manufacturing process is desirable. Multi material design for additive manufacturing enables the production of highly complex parts with site-specific properties without using costly and time-consuming conventional methods. Multi material methods are used for dampening, thermal gradients and fracture resistance in products. 
Tessellation
Tessellation is the process of using a mesh of triangle to build the curvature of a surface. When converting a model to an STL file, a storage point for information concerning a 3D model, the surface of the model is covered in geometric shape, most commonly triangles, Langnau, 2019. Additive manufacturing machines add the production material one layer at a time or by sintering. A 3D slicing tool will interpret the model and turn the various layers into a 2D image. When considering tessellation for this project the more geometric shapes in an STL file the better quality of product.
Internal structures
Additive manufacturing processes introduce the availability of lattice structures within a design. Varotsis (2022), discusses that lattice structures are repeated patterns that fill a volume or conform to a surface. Latices form a stochastic pattern that consist of beams surfaces or plates that fit together. For aesthetics and structural purposes, the putter design intends to have a lattice structure on the striking face of the club. Varotsis states lattice structures can create high energy or shock absorption structures. They can also assist with vibration dampening which would be useful for striking the ball. 
[bookmark: _Toc139313321]Initial design
The initial design of the golf putter for additive manufacturing focus on the blade putter design. This is a design without the input of additive features and topology analysis. The golf blade putter with a crown on it is a unique design that incorporates a crown-shaped feature on the top line of the putter head. 
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Figure 3 Source: SOLIDWORKS, Rhys Brannan (2023).
The addition of a crown on the putter head adds visual interest and uniqueness to the overall design. It can enhance the putter’s aesthetics and differentiate it from traditional blade putters, which typically have a clean and minimalist appearance. The crown can also serve as an alignment aid, providing a reference point for golfers. 
The crown feature and the slot in the centre of the putter head can assist the golfer in aligning their putts more accurately. The contrasting texture will create a visual contrast against the putter face.
The addition of a crown feature on the putter head may slightly alter the weight distribution and balance of the putter. Design considerations will be taken to ensure that the putter maintains proper weight and balance to encourage a smooth and consistent putting stroke. 
The size and proportions of the crown have been carefully designed to ensure it does not interfere with the golfers’ view of the ball, the club also conformant to the rules of the sport.
[bookmark: _Toc139313322]Additive manufacturing process  
Through research and reviewing the additive manufacturing process available the golf putter will be manufactured using powder bed fusion. Gibson (2015) states that powder bed fusion processes were among the first commercialised additive manufacturing methods. Powder bed fusion processes share a simple set of characteristics, this includes one or more thermal sources for inducing fusion between powder particles, a method for controlling the powder fusion to a controlled region of each layer, and instruments for addition and smoothing powder layers. Figure four below shows the general method of powder bed fusion.  
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Figure 4 Source: Gibson, Rosen, & Stucker, (2015).
Types of powder bed fusion
	Selective laser sintering (SLS)
	Produces products using a laser to selectively sinter particles together. It differs from other powder bed fusion processes in the material powder used, for example thermoplastics like nylon and acrylic.

	Multi jet fusion (MJF)
	Similar to SLS printing, the printer dispenses a liquid binding agent from multiple small nozzles onto the powder bed, bringing the powders to a semi-solid state before finishing the process with infrared heat. 

	Selective laser melting (SLM)
	A high-density focused laser beam selectively scans a powder bed and those scanned and solidified layers are stacked upon each other to build a fully functional three-dimensional part.

	Direct metal laser sintering (DMLS)
	This is an additive manufacturing technique for metal 3D printing, in this process the metal powder, free of a fluxing agent, is completely melted by the scanning of a high-power laser beam. The resulting part will have the properties of the original material. 

	Electron beam melting (EBM)
	Uses electron beam which are more powerful than laser beams, this is a faster process than the ones listed above. Although, parts manufactured using this method have a high surface roughness and often need machining after printing.

	Selective heat sintering (SHS)
	SHS uses a thermal print head to sinter powder rather than lasers. This is a process which isn’t as commonly used anymore and was an early development of powder bed fusion.

	High speed sintering (HSS)
	This combines two additive manufacturing technologies, SLS and binder jetting. In this procedure the whole building platform is printed in one go. A layer of powder is deposited, an inkjet printhead then deposits a radiation absorbing material onto the desired area and an infrared light then irradiates the  entire surface. 


Figure 5 Source: Gen3D (2022).
A reason for choosing powder bed fusion for the manufacturing of this product is the need minimum or no support on the part, EngineeringProductDesign.com (2023), discusses that the powder acts as an integrated support structure, but at times the bottom build plate is used as the support. The article also discusses another advantage which is beneficial to this product that its able to produce parts with complex shapes, this means that fabricating small lot sizes is economically viable, customised and optimised geometries are also possible. Additionally, KingsburyUk (2023) discusses the range of materials that can be used when using powder bed fusion. The process works with a wide range materials like titanium, tool steel, aluminium, and various others. Any material that can be turned into a powder using a gas or plasma atomisation process can be used. 
Powder bed fusion can use a range of materials such as polymers, composites and metals. For this project I am going to focus on metals, referring to Gibson (2015), generally any metal that can be welded is considered to be a good candidate for powder bed fusion processing. When doing topology and generative design simulation I will be focusing on two metals, stainless steel and titanium. 
[bookmark: _Toc139313323]Topology Element analysis 
The aim of the topology study on my initial design was to be reduce the initial designs weight by 35% for additive manufacturing. The use of additive manufacturing allows the putter to have a complex shape with cavities that wouldn’t be able to be produced used conventional manufacturing processes. 
For this study the shaft enclosure is the fixed geometry of the part, this locks down all degrees of freedom of this part as this is what is holding the putter in place. There is also a gravity load in the downward direction and 20N of force in the face that will be striking the golf ball. A symmetry restraint has been put in place to keep the putter head symmetrical to keep the centre of mass at the centre of the putter. The final part of the study was ensuring the crown feature was not lost as this in an integral part to the uniqueness of the golf club, to do this it was set at a 2mm preserved region. 
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Source 6 Source: SOLIDWORKS, Rhys Brannan (2023)

The results of the topology study can be seen below:
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Figure 7 Source: SOLIDWORKS, Rhys Brannan (2023)
The best results were produced when using Grade 2 Titanium From the images you can see the topology study removed the majority of the material from the back of golf putter (heel). Unintentionally, this has produced a design similar to the TaylorMade Rossa Monte Carlo golf putter and Odyssey X-Act golf putter. The simulation reduced the weight of the golf putter from 270g to 175g, whilst keeping the putter head symmetrical to keep the centre of mass at the centre of the putter. To produce this part using additive manufacturing support structures will be needed to ensure the back of the putter does not collapse. 
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Figure 8 Source: TaylorMade & Odyssey (2023)

[bookmark: _Toc139313324]Generative design 
Autodesk (2023) explains that generative design is a design exploration process. The software, through Fusion360, explores all the possible permutations of a solution, quickly generating design alternatives. In Stainer’s (2021) article they explain the benefits of the software, for example, the ability to easily make changes. It allows for the input of design features and constraints whilst automatically updating when changes need to be made. It also allows for increased efficiency and reduced production costs, design teams that have previously required hundreds of workers require a reduced amount of manpower when using generative design. 
For the generative design study on my initial design, I focused on Titanium 6Al-4V. The striking face and the shaft column were the preserved geometry, whilst the toe of the putter was selected as the starting shape, this was the part of the design that needed to be optimized. To keep in line with the topology report the load was set to 20N, the average force of hitting a golf ball, and a fixed constraint was set on the striking face. Through generative design you can select which manufacturing process is to be used to manufacture the design, for this project I chose additive manufacturing. The outcome can be seen below:
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Figure 9 Source: Fusion360, Rhys Brannan (2023).



From the images you can see the generative design process removed the heel of the putter, it also removed the crown aesthetic from the front of the club. The overall mass of the final design was 78g for Titanium 6Al-4V. Although this design may produce a successful outcome it is not as aesthetically pleasing as the design produced by the topology study. 
[bookmark: _Toc139313325]QFD for topology design
Quality-One (2023), states a QFD (quality function deployment) is a process and set of tools used to effectively define a customers requirements and convert them into detailed engineering specifications and plans to produce a product that fulfils those requirements. They go on to state the use of a QFD leads to products that are more customer focused, shorter development time and lower cost. 
The QFD which can be found in appendix of this report (A) features the quality characteristics, demand quality and the correlation between the two. In addition, there is a competitive analysis comparing the design to popular golf putter on the market, including Odyssey, Scotty Cameron and Ping golf clubs. 
[bookmark: _Toc139313326]Final Design and Prototype
Figure 10 below shows the final design and where the support structures (shown as light blue layers) will be based on the additive manufacturing print. It is important for the part to be printed in this orientation to minimise support structures.  There is also an image of a prototype which has been 3-D printed with ABS plastic, this was done at 50% scale. 
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Figure 10 Source: Ultimaker, Rhys Brannan (2023).
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Source 11 Source: Rhys Brannan (2023).

      
         














[bookmark: _Toc139313327]Topic 2 – High-volume production – Portable Wind Turbine Redesign 
A small wind turbine prototype has been asked to be reviewed, many of the components are 3-D printed and this report will focus on redesigning some of the components for mass production. It is suggested through market research that 1000-2000 units will be produced per week. 
[image: A close-up of a toy

Description automatically generated with low confidence]
Figure 12 Source: UWTSD (2023)
[bookmark: _Toc139313328]Concept design approval 
This product is marketed for the outdoor enthusiast, campers, adventurers, and hikers who rely on portable power sources for lighting, small electronics or charging their electrical devices during outdoor activity. Portable wind turbines provide a sustainable and eco-friendly solution to a power source. The purpose of the design of this wind turbine is it should be lightweight and compact for it to be able to effortlessly fit into a backpack or camping gear. Portable wind turbines are perceived as innovative and environmentally friendly solution to renewable energy by the public.  
Design Specification 
	Product Requirement 
	Demand or Wish
	Type of requirement 

	Portability
	Demand
	The wind-turbine should be designed to be lightweight, easy to transport and small to allow uses to carry it during outdoor activity. It should effortlessly fit into a backpack.

	Function
	
	The function is for outdoor enthusiasts to be able to have a portable power source which is eco-friendly

	Ease of setup
	Demand
	Users should be able to set up the turbine instantly and effortlessly without requiring any tools, specialist equipment or expertise.

	Efficiency and Power Generation
	Demand
	The portable wind turbine should be capable of providing enough power to satisfy the user’s requirements, this could be powering a light source or charging electrical devices.

	Durability and Weather Resistance
	Wish
	Due to the challenging weather outcomes that an outdoor enthusiast may encounter, the turbine should be able to withstand wind, rain and other environmental factors.

	Safety
	Demand
	Safety features should be thought of whist designing the portable wind turbine to prevent accidents, such as securing rotating parts and ensuring wiring is enclosed. 

	Sustainable and Eco-friendly
	Wish
	As a renewable energy solution customers may seek portable wind turbines made from sustainable materials with minimal environmental impact. 

	Quantity 
	
	The aim is to produce 1000-2000 of these portable wind turbine a week, this includes manufacturing and assembly. 

	Manufacture
	
	The components for this turbine will be manufactured using a 3D printer. 


Figure 13 Source: Rhys Brannan (2023)
[bookmark: _Toc139313329]Manufacturing process proposal 
Referencing Oboloo (2023), a manufacturing process proposal is a document used to advise a manufacturing methodology. It should detail the resources and materials that are needed, as well as the steps that need to be taken to manufacture the desired product. The goal of this plan is to achieve a design  which is cost-effective, efficient and safe whilst producing a high-quality result. 
Costing sheet-Current model
	Component
	Quantity 
	Estimated cost

	1kg spool ASA filament 
	1 (1/2kg needed)
	£30/(£15)

	Three phase rectifier 
	1
	£6

	6203-2RS ball bearing
	1
	£5.50

	Retaining clips
	2
	£0.35

	Screw, bolts, nuts, washers 
	1 (per unit)
	£1.30

	Epoxy Glue
	1
	£8

	120 grams 26 AWG magnet wire
	1
	£8


Figure 14 Source: Rhys Brannan (2023)
Main unit cost : £44.15 (this does not include shipping costs of products or relevant taxes, additionally this unit cost does not include cost of electricity or cost of machinery). 
Proposal
Objective
This proposal aims to lay out a manufacturing procedure for a portable wind turbine that will be manufactured using additive manufacturing. The procedure will attempt to take advantage of additive manufacturing while ensuring the production of a high quality and practical wind turbine that is suitable for portable use. 
1. Design Phase
Design period will begin by development of detailed 3D designs of the potable wind turbine using SOLIDWORKS (CAD) software. The parts of the products should be designed individually and brought together in an assembly drawing. From this stage engineering drawings should be developed showing dimensions, part numbers, and fits and tolerances. An exploded view is also helpful to show an understanding of how parts fit together. Using SOLIDWORKS simulation and analysis should be undertaken to support the design and enhance performance.
2. Material selection 
[bookmark: _Hlk139112276]This product will be manufactured using a plastic which is suitable for 3D printing and balances strength, durability, and weight, it should also be eco-friendly due to the market it is aimed at. Through research PLA (polyactide) will be used to manufacture the wind turbine, this is a polyester made from renewable biomass, typically from fermented plant starch like corn or sugar cane, (BioPak, 2023). Although a more expensive plastic than ABS or ASA filament, PLA is industrially compostable and has a low carbon footprint producing 80% less greenhouse gases compared to conventional plastic derived from fossil resources, (NatureWorks, 2023). Another advantage, referring to O’Connell (2023), is that PLA is easy to print, almost all 3D printers can print this material and requires low temperatures compared to other printing materials, this will be cost-effective on energy prices. 
3. 3-D printing process 
For the 3-D printing process the completed CAD designs need to be converted to an STL file format, Gibson, Rosen & Stucker (2015) explain this file describes the external closed surfaces of the original CAD model and forms the basis for calculation of the slices. This STL file is then transferred to the 3-D printer usually via USB stick. Here, there may be some general alteration of the file, so it is the correct size, position, and orientation. The 3-D printer must be properly set up prior to the manufacturing process, the machine should be ‘homed’, and settings should be investigated such as material constraints, energy source and layer thickness. Next is the build process, this is an automated procedure, and the machine can be left without supervision. Although, visual checks should be taken to ensure there is enough material. Finally, is the removal of products from the printer. Post-process techniques should take place such as removing support structures efficiently from the printed part. 
4. Removal of support structures
When setting parameters for printing it is a good idea to use as little amount of support structures as possible. Wherever the supports meet the part there will be small marks and reducing the number of supports would reduce the amount of part cleanup needed and any post processing finishing. Gibson (2015) states in their textbook, removal of too many supports on a part means it may become detached from the baseplate and will move around during subsequent layering. In addition, when using supports to print a part they may be located in difficult to reach regions within the part.  In the case of the model, which is being redesigned for this report, the cylinders which the wings are attached to are hollow cylinders, this will require support from the top surfaces. However, if there is no access hole then these supports cannot be removed, a way around this is to create access holes which can be plugged later in assembly. 
5. Assembly 
The initial model put forward requires a lot of gluing of parts, this is an aspect of assembly planned to be removed and for parts to be printed as one complete piece or connected via a different method. All printed parts should meet the required dimension and quality standards before assembly. 
[bookmark: _Toc139313330]Design and development work 
Reviewing the initial design put forward for the portable wind turbine it fits some of the product requirements in the design specification. For example, it is already portable due to the folding wings, it is weather resistant with an enclosed battery and electrical wiring enclosed maintaining the wind turbine safety. An issue found through doing this report is the assembly of the manufactured article. The final product requires gluing of parts, this can reduce the lifetime / lifecycle of a product. Also, it results in printing more parts. The next stage will investigate redesigning the parts that need adhesive to fit together. Finally, the sustainable and eco conscious requirement has been met by replacing the previous plastic used with PLA, a polyester made from renewable biomass, typically from fermented plant starch like corn or sugar cane. 
Redesign of wing connection
As mentioned, the plan was to remove assembly steps of the product that included gluing parts together, this was done to reduce the assembly time, help the assembler with alignment of parts and reduce overall cost of the product. From figure 15 below it can be seen the addition of internal splines on part ‘B-20’ and external splines on part ‘C-20’.
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Figure 15 Source: SOLIDWORKS, Rhys Brannan (2023)
The splines will allow the assembler to be able to fit the two parts together effortlessly in the correct figuration. Depending on the orientation of the build support structures will be needed on both new parts.

The Lucas DfA Evaluation method 
The Lucas DfA method, named after Lucas Corp., is based on a point scale which gives a relative measure of assembly difficulty of a part. The method is based on three separate and sequential analyses, (Chan & Salustri, 2005).  The Lucas method used below is for the parts which have been redesigned for this report.
Part B-20 – Original Design
	Number of parts 
	4

	Handling Index 
	2.1

	Handling Ratio
	6.2

	Fitting Index
	5.6

	Fitting ratio 
	4.7

	Assembly labour time (minutes) 
	4



 Part B-20 – New design
	Number of parts
	4

	Handling Index
	1.3

	Handling Ratio
	5.6

	Fitting Index
	5.6

	Fitting Ratio 
	4.7

	Assembly labour time (minutes)
	4



Part C-20 – Original Design 
	Number of parts
	4

	Handling Index
	2.3

	Handling Ratio
	5.7

	Fitting Index
	8.3

	Fitting Ratio 
	6.7

	Assembly labour time (minutes)
	20


Part C-20 – New design 
	Number of parts 
	4

	Handling Index
	1.3

	Handling Ratio 
	4.2

	Fitting Index 
	3.9

	Fitting Ratio
	2.2

	Assembly labour time 
	2


Figure 16 Source: UWTSD, Rhys Brannan (2023)
[bookmark: _Toc139313331]Further improvements on additive manufacturing products.
Efforts have been made to produce two components which are efficient, functional, and practical that can be produced via additive manufacturing methods. But with more time there is further work that can be done to improve these designs. For the golf putter the addition of a lattice feature would further reduce the weight of the part whilst maintaining the stiffness, and aesthetics would be enhanced. Efforts were made to learn NTopology software to produce a finished article of the product with a lattice structure, but it could not be produced at this time. 
In addition to this, assembly time could be further reduced on the portable wind turbine by reducing the number of nuts and bolts used and designing clips/self-snap inserts for ease of assembly. 
[bookmark: _Toc139313332]Conclusion
Through this report two new designs have been produced for an additive manufacturing process. Topic 1, the golf putter started with an initial sketch, this was then replicated in SOLIDWORKS CAD. To optimise the design for additive manufacturing a topology study was conducted focusing on the best stiffness to weight ratio. Through this study a new design was produced which is aesthetically pleasing, maintaining the crown ‘signature feature’ whilst providing a new look to the heel of the golf club. The study reduced the weight of the putter from 270g to 175g of grade 2 Titanium. A generative design study was also conducted on the initial design of the golf putter, this reduced the mass of the putter but due to the function and practicality of the design it was not seen fit for manufacture.  Through, research it was decided that the additive manufacturing process that would be used to manufacture the putter was powder bed fusion. This process is capable of printing the desired material chosen, minimum support is needed and most importantly the ability to print the complex shape. 
Topic 2 focused on redesigning a portable wind turbine that is to be 3D printed with expected production volumes of 1000-2000 per week. For this part of the report design tools were implemented such as a design specification sheet, a manufacturing process proposal, and the Lucas DfA evaluation method. Through these methods it was found that the assembly method was a problem in the overall design due the adhesive needed for the connection of the turbine blade to the rotor. To reduce the time of assembly splines were designed to connect the two parts. This reduced the manual handling and fitting index of the product. 
Additional improvements could be made to both parts, for example, the inclusion of a lattice feature would be beneficial to the stiffness to weight ratio and aesthetics of the golf putter whilst the removal of nuts and bolt and inclusion of dovetails or snap fits on the portable wind turbine. 
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