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[bookmark: _Toc139306444]Introduction
Throughout the automotive industry, vehicle CAD (often referred to as the body in white data), determines the surrounding environment of vehicle wiring harnesses. CAD identifies the vehicle mounting points fundamentally determining the components required to support the wiring harness in the vehicle environment. 
The wiring harness, otherwise referred to as wiring loom, is fundamental to the functionality of each individual electrical component throughout the car. The harness consists of copper, tape, and connectors.  Plastic injection moulded brackets, grommets and connector holders form the shape of the harness and keep the harness attached to the vehicle. There are many wiring harnesses located throughout the vehicle, including door harnesses connecting electrical components to the car’s internal electrics. One of the harnesses is an Instrument Panel (IP) connecting the car’s entertainment system to the corresponding electrical components. Task one involves using generative design and additive manufacturing techniques to produce a connector holder panel, which attaches the IP harness to the body of the car. 
[image: A grey plastic object on a wood surface

Description automatically generated with low confidence]









Mass produced additive manufactured components produce embodied carbon. In the past recycled material has been implemented to reduce the embodied carbon. Using recycled material effects, the material properties of the component, this negatively effects retention, insertion and stress forces that the part can withstand. Due to the high volume of components being mass produced, reducing the mass by 30% will have a huge impact on the carbon footprint of the part.  Topology and generative design will be implemented to reduce the mass of the component while maintaining the structural integrity.  The second task involves analysing a Wind turbine and applying Design for Manufacture / Design for Assembly methodologies. Poka-Yoke is a fundamental outlook used throughout the DFA process. DFM process such as Draft angle implementation / component positioning is key to achieving a mass-produced sound part. 

[bookmark: _Toc139306445]Task 1 - Original Design
[bookmark: _Toc138961951]Figure 1 Original Design
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The additive manufacturing process for the component (Fig 22) will be multi jet fusion 3D printing. Design considerations will be essential to the success of the mechanical properties and visual aspects. To ensure good part quality there are six considerations to take into account: the environment of the 3D printer, maintenance, calibrations, nesting, fine-tuning and cooling. 
Environment – The temperature of the room surrounding the 3D printer will be in the range of       20-30ºC. This is optimum for the HP multi jet fusion 4200 3D printer. The humidity will be between 50% and 70%, optimum for machine and PA12 material. Material Specification can be seen in in figure 33. Machine specification can be found in Appendix one.  
Maintenance, Calibrations – Maintenance and Calibration log can be seen in Appendix two. 
Nesting – The component will be nested using HP build centre, determining the orientation and printing considerations. Taking oversight into preventing part failures such as stair stepping, thermal bleed and elephant skin. Often caused by the orientation of the part and heating zone the component is placed in. 
Fine tuning – The machine has been fine tuned to perform in balanced mode, optimizing the parts for mechanical properties and visual aesthetics. 
Cooling – The part will be naturally cooled, this is recommended by HP for builds with a bigger volume of 1600mm3, resulting in a better cooling uniformity preserving mechanical properties. 
[bookmark: _Toc139306446]Tessellation
When importing the Design into the build manager the component will be tessellated, converting the model geometry into triangles/ tiles. These tiles fit together perfectly, without any gaps or overlaps, to cover the entire surface. The resulting pattern can be regular or irregular, and it can be formed using various shapes such as triangles, squares, hexagons, or more complex polygons.  The printer can then identify this geometry slicing it into layers, allowing the component to be printed (Fig 2).
[bookmark: _Toc138961952]Figure 2 Tessellation
[image: A picture containing sketch, circle, sphere, ball
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The component will be tessellated to avoid inaccuracy and slow processing. The Angle tolerance will be 1 degree due to the cylindrical shape and the deviation chord will be 0.05 to aid the detail and small features.  Standard tessellation language (stl) is fundamental to distribute a standardised method of exporting 3D models to additive manufacturing methods Pessoa et al. (2021) 
[bookmark: _Toc139306447]Hollowing / Lattice Structures
Hollowing a part or implementing a lattice structure to a part could drastically reduce the mass of the component. This would however have a negative effect on the mechanical properties of the part. The connector holder will be optimized through AI generative design, a topology study, and automated design to reduce mass without disrupting the mechanical properties. Lattice structures are insignificant compared to rib features when optimizing a component for stress and strain capabilities (Murthy and Santhanakrishnanan, 2020). 
[bookmark: _Toc139306448]Topology optimisation 
A topology study allowed the connector holder to be optimized by reducing its mass. The structural integrity of the component is left intact, whilst mass is taken away. A SolidWorks CAD software package runs topology studies by creating a mesh around the part and conducting Finite Element Analysis (FEA) at each node. This determines mass that can be removed without impacting the functional properties of the component. 
Topology management optimization capabilities integrated in SolidWorks is a sufficient tool and is used throughout the industry. Slavov and Konsulova-Bakalova (2019) optimized the weight of Housing Elements of a Two-stage Reducer. The case study was successful however one limitation found was due to the 3D model being jagged and consisting of sharp edges after topology optimization, the use of additive manufacturing methods was not suitable and the component could not fulfil its functional requirements (Slavov and Konsulova-Bakalova, 2019).

[bookmark: _Toc139306449]Methodology of Topology Study
As seen in figure three, the original design was imported into SolidWorks, the topology study was implemented on the design. 
[bookmark: _Toc138961953]Figure 3 Original Design
[image: ]

Figure four shows the parameters and factors needed to be considered to complete the topology study. 
[bookmark: _Toc138961954]Figure 4 List of Parameters for Topology Study
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The material used for the topology study will be PA Type 6 , this plastic material properties is representative to the plastic used during the injection moulding process (Fig 5).  
[bookmark: _Toc138961955]Figure 5 Material Selection Topology Study
[image: ]
No connections were implemented during the study as there was no requirement in the design (Fig 6).
[bookmark: _Toc138961956]Figure 6 Connections Topology Study
[image: ]
The vehicle mounting points, locations where the component is assembled to the vehicle, were fixated to simulate the part being fixed to the instrument panel as according to the body in white design (Fig 7).
[bookmark: _Toc138961957]Figure 7 Vehicle Fixation Points Topology Study
[image: ]
An external Load of 250 newtons was applied to the top surface of the connector holder, simulating the force being applied when the wiring harness is connected (Fig 8).
[bookmark: _Toc138961958]Figure 8 External Load Topology Study
[image: ]
The goal of the topology study was to reduce the mass by 30% while keeping the structural integrity of the component (Fig 9). 
[bookmark: _Toc138961959]Figure 9 Goal of the Topology Study
[image: ]

The connector holder region was preserved, this geometry could not be changed as it would directly affect the functionality of the part (Fig 10).
[bookmark: _Toc138961960]Figure 10 Preserved Geometry Topology Study
[image: ]
A fine mesh was applied to the part, meshing is a critical part of the topology process and should be thought about. The more elements throughout your mesh will create a more accurate result. This topology study will consider at least three elements across the grid density of the component. The smaller the area the more the accuracy will improve (Fig 11).
[bookmark: _Toc138961961]Figure 11 Mesh Topology Study
[image: ]
[bookmark: _Toc138961962]Figure 12 Results of the Topology Study 1
[image: ]
[bookmark: _Toc139306450]Generative design 
Throughout the automotive industry the combination of using generative design and additive manufacturing processes when manufacturing internal components can significantly reduce costs and weight in comparison to conventional manufacturing processes (Junk and Rothe, 2022). 

[bookmark: _Toc139306451]Methodology of the Generative Design Study
As seen in Fig (13) the component was split into separate bodies, this would allow different regions of the geometry to be preserved during the generative design study. 
[bookmark: _Toc138961963]Figure 13 Splitting the Design into different Bodies.
[image: ]
During the setup stage of the generative design study, the connector holder and fixation points were preserved. This allowed the selected preserved bodies in green not to be manipulated during the study, not effecting the functionality of the component (Fig 14). 
[bookmark: _Toc138961964]Figure 14 Preserved Bodies Generative Design Study
[image: ]
Fig (14) also shows the starting shape geometry (yellow body) this will effectively be the geometry that is manipulated throughout the study to create the new generative deign shape. The obstacle geometry is cylindrical in shape coloured red, this geometry is a customer requirement, the wiring harness will be attached to the connector holder and then run through the cylindrical shape into the rest of the vehicle.  
A force of 250 newtons was applied to the top surface of the connector holder to represent the weight of the wiring harness being attached (Fig 15). The figure of 250 newtons considers the cyclic loads being applied to this area during the vehicle’s operation lifetime. 
[bookmark: _Toc138961965]Figure 15 Load Factor During the Generative Design Study.
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[bookmark: _Toc138961966]Figure 16 Generative Design Result
[image: ]

[bookmark: _Toc139306452]Automated Modelling Study
An automated modelling study was conducted to get another perspective on how the connector holder design could be manipulated to save geometry for both recycling and cost benefits (Fig 17)   
[bookmark: _Toc138961967]Figure 17 Automated Modelling Study
[image: ]

The first step consisted of picking the faces of the component to connect, in order to do this only fixed geometry was considered. The fixation points and connector holder faces were selected, and the study was conducted (Fig 18)
[bookmark: _Toc138961968]Figure 18 Automated Modelling Surface Selection
[image: ]
The result can be seen in figure 19, the reduced mass and reinforced structural integrity gives a compelling argument to implement the automated model design. One drawback would be the mating parts, after evaluation it seems there would be collision between the harness exit and the design (Fig 20)  
[bookmark: _Toc138961969]Figure 19 Automated Modelling Study Result
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[bookmark: _Toc138961970]Figure 20 Automated Modelling Study Mating Parts Collision
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[bookmark: _Toc139306453]Overlap

[image: ][bookmark: _Toc138961971]Figure 21 Overlap of Design Results
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Yellow: Original Design
Green: Original Design Optimised Using Topology Study
Pink: Original Design Optimised Using Generative Design Study








[bookmark: _Toc139306454]3D Printing – HP Multi Jet Fusion 4200
[bookmark: _Toc138961972]Figure 22 HP Multi Jet Fusion 4200 3D Printer
[image: A large grey printer in front of a window
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MJF Technology
The multi jet fusion technology offers huge speed advantages while also maintaining the control of the part. The material Properties are highly competitive with those found in other 3D printing processes, the PA12 material used will produce functional and aesthetic (Fig 33).
The process starts by laying down a thin layer of material in the working area. Next, the carriage containing a thermal Inkjet passes from left to right, printing chemical agents across the full working area. The layering and energy processes are combined in a continuous pass of the second carriage from top to bottom. The process continues, layer by layer, until a complete part is formed. At each layer, the carriages change direction for optimum productivity (Hubs, 2023). 

[bookmark: _Toc138961973]Figure 23 MJF Technology Material Process
[image: A picture containing text, screenshot, font, design
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(a) The material is distributed across the work area.
(b) A fusing agent is selectively applied where particles are to fuse together.
(c) A detailing agent is selectively applied where the fusing action needs to be reduced or amplified. In this example, the detailing agent reduces fusing at the boundary to produce a part with sharp and smooth edges. 
(d) The work area is exposed to fusing energy.
(e) The part now consists of fused and unfused areas. 
Methodology 
3D printing the generative design will allow the part to be analysed in depth, examining the functionality and look of the part after being manufactured.
[bookmark: _Toc138961974]Figure 24  Workflow 3D Printing Process
[image: A picture containing text, screenshot, font, number
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1. Preparation of design - The design was completed using the generative design package on Autodesk Fusion 360, after being saved as an ‘.stp’ file it was imported into SolidWorks to analyse. SolidWorks was implemented to determine the part was ready for printing it was then saved as an ‘.stl’ file, this allows the printing software to import the part into the machine. 
2. Packing model and sending to printer – The ‘.stl’ file was imported into HPs recommended smart stream 3D build manager (Fig 25).  The volume of the build unit is 380 x 284 x 380 mm, the components volume is 233mm3. Packing the part in the correct position, rotation and density space is vital to the quality. 
[bookmark: _Toc138961975]Figure 25  HP Smart Stream 3D Build Manger
[image: A screenshot of a computer
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Known part quality issues due to part placement
Thermal bleed – 
Thick layer or an outer shell that is incorrectly fused (Fig 26) can be caused by placement in local areas with low density or the part design where heat is accumulated. If the part positioning is correct then a potential solution would be to review the thermal camera, fusing modules and filters. 
[bookmark: _Toc138961976]Figure 26 Thermal Bleed in a PA12 3D Printed Component
[image: A close-up of a grey object

Description automatically generated with low confidence]
Elephant Skin – 
Rough irregularities appear on the lateral surfaces of the part, also local and non-homogenous shrinkage in the part. This could be the result of placing the part in contact with the borders rather than the centre of the build unit or not maintaining ten mileometers between parts. The solution would be to print parts with sufficient space around them. 
[bookmark: _Toc138961977]Figure 27 Elephant Skin in a PA12 3D Printed Component
[image: A picture containing black and white, design
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Cracking –
Cracking can occur at low irradiance settings and when conners are oriented upside down. Some causes are low temperature during the printing process and massive parts being printed in close proximity. A potential solution would be to centre the part in the build Unit.
[bookmark: _Toc138961978]Figure 28 Cracking in a PA12 3D Printed Component
[image: A picture containing wall, art, design
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Warpage and Distortion –
Warpage and distortion is the unwanted adjustment in the shape of the component it occurs when a large surface is in contact with the bottom of the build unit or when large cavities are printed upside down generating trapped heat pockets. A potential solution would be to position parts at an angle, 30-degree orientation is recommended. Also printing cavities in the correct orientation to prevent trapped heat.   
[bookmark: _Toc138961979]Figure 29 Warpage and Distortion in a PA12 3D Printed Component
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The design was then packed into the smart stream 3D build manager software, taking these considerations into account. The part was positioned with the detailed surface facing up, resulting in a sharper edge and better finish, while the rounded edge faced down for more accuracy. There was a 20° tilt to avoid stair stepping and capillarity on the top surface, the connector middle pocket faced up to prevent a heat pocket causing thermal bleed. Due to the production mentality of the machine the part would be printed with surrounding components to optimise material usage and lower costs. 
[bookmark: _Toc138961980]Figure 30 Component position
[image: ]
[bookmark: _Toc138961981]Figure 31 Build Tray Components Positions
[image: ]
[bookmark: _Toc138961982]Figure 32 Component Positioning Diagram
[image: ]
3. Addition of material from processing unit to build unit – The build Unit is then slotted into the processing unit and material is inserted. The material used is PA12, the technical specifications of the material (Fig 33) show PA12 material produces robust thermoplastic parts that optimizes quality, producing strong structures. 
[bookmark: _Toc138961983]Figure 33 PA12 Technical Specifications
[image: A picture containing text, screenshot, number, font
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(Fig 33) shows the processing Unit filling the build unit with PA12 material, 20% fresh from the pallet and 80% recycled. The processing unit recycles the PA12 material during the unpacking process from each build in the internal hopper. 

 [bookmark: _Toc138961984]Figure 34 Processing Unit Filling Up
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4. Automated mixing - HP MJF Solution with HP High Reusability PA 12 has the highest post-production surplus powder reusability with 80% reusability vs any other powder based 3DP technology using PA 12 material. Stable performance with only 20% powder refresh rate (HP, 2017).  



5. Sliding the build unit into the printer 
[bookmark: _Toc138961985]Figure 35 Sliding Build Unit Into Printer
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6. Printing- The printer is now ready and the part with begin to print layer by layer. Once complete the build unit can be removed and prepped for cooling. 
7. Unpacking process - The build unit is then slid into the processing unit to fast cool, natural cooling is sometimes suggested for full builds. For this component the build chamber was 25% full therefore a build time of four hours and a fast-cooling time of five hours. Once cooled the surrounding powdered material is vacuumed manually via the processing unit and sieved into the internal recycled material chamber for future builds. 
[bookmark: _Toc138961986]Figure 36 Timing Schedule 3D Printer
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[bookmark: _Toc138961987]Figure 37 Process Unit Cooling
[image: A close-up of a printer
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8. Powder Blasting – In order to condition the parts after the excess material powder has been removed the parts are bead blasted with the Guyson bead blaster using Honite grade 14 high performance blast media. This creates a functional yet aesthetic finish, figure  thirty-eight shows this process for the generative designed component. 
[bookmark: _Toc138961988]Figure 38 Guyson Bead Blaster
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9. Results 

[bookmark: _Toc138961989]Figure 39 3D Printed Part
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[bookmark: _Toc138961990]Figure 40 3D Printed Part
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[bookmark: _Toc139306455]Finite Element Analysis (FEA)
[bookmark: _Toc139306456]Original Design 
Stress
[bookmark: _Toc138961991]Figure 41 Original Design Stress (FEA)
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Strain
[bookmark: _Toc138961992]Figure 42 Original Design Strain (FEA)
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[bookmark: _Toc139306457]Design Optimized by Implementing Generative Design
Stress
[bookmark: _Toc138961993]Figure 43 Generative Design Stress (FEA)
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Strain
[bookmark: _Toc138961994]Figure 44  Generative Design Strain (FEA)
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[bookmark: _Toc139306458]Design Failure Modes & Effects Analysis (DFMEA) - Quality Functional Deployment (QFD)
[bookmark: _Toc138961995]Figure 45 Feature Functional Analysis of an Connector Holder
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[bookmark: _Toc138961996]Figure 46 FMEA of an Connector Holder
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[bookmark: _Toc139306459]TASK 2 – Study

[bookmark: _Toc138961997]Figure 47 Wind Turbine
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[bookmark: _Toc138961998]Figure 48 Feature Functional Analysis of a Wind Turbine
[image: ]
Findings 
The feature functional analysis results showed nine key components blades, rotor, gearbox, supporting fixing mechanisms, flag, bolts, generator and gearbox housing. Conducting a FMEA (Failure Modes & Effects Analysis) will identify potential failures in the design and their effects. It will also provide a formatted analysis identifying actions which could eliminate or reduce the chance of a potential failures accruing. Dr Anthony Tarantino is attributed to have said “To me Failure Modes and Effects Analysis (FMEA) is a versatile, powerful, process centered tool that belongs in every Process Owners’ and Six Sigma practitioners’ toolbox.” (Coursehero.com, 2023)

[bookmark: _Toc139306460]FMEA - Failure Modes & Effects Analysis

[bookmark: _Toc138961999]Figure 49 FMEA of a Wind Turbine
[image: ]
[bookmark: _Toc138962000]Figure 50 FMEA of a Wind Turbine Pg 2
[image: ]

Results from FMEA
After assessing the potential failure modes and the potential effects of the failure modes it was decided there would be a need to redesign components, looking from a design for assembly perspective. One potential failure could be the misalignment of the blade, it was found it could be caused while assembling. To counteract this potential issue a feature will be implemented to lower the occurrence of the failure. Also, the fixation of the components can be misaligned during assembly the design will be altered to implement a design for assembly mentality. 

[bookmark: _Toc139306461]Blade Misalignment
If the blade was misaligned it would have a major effect on the functionality of the Wind turbine, for example there would be a reduced amount of energy captured. The blades being misaligned would directly affect the aerodynamics, the turbine will not be able to capture the same amount of energy, resulting in a decrease in the overall performance. There is also a high safety risk, the stability and structure of the turbine will be compromised by the misalignment of the blade, resulting in detachment failures. These failures cause risk to the surrounding buildings, employees and environment. Another concern is the impact the misalignment will have on the environment, the purpose of the wind turbine is to provide clean, renewable energy, failing to do this could result in alternative sources of energy being used. These sources of energy could result in an impact to the surrounding environment, defeating the main purpose of the wind turbine.
[bookmark: _Toc139306462]CAD Before Optimization
[bookmark: _Toc138962001]Figure 51 Wind Turbine Blade Before Optimization
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[bookmark: _Toc138962002]Figure 52 Wind Turbine Blade Attachment Before Optimization
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[bookmark: _Toc139306463]DESIGN FOR ASSEMBLY 
When optimizing a part for efficiency and ease of assembly Boothroyd et al., (2019) produced a Design for Assembly methodology that is an approach used throughout the industry. In order to reduce time and cost required for assembly, the unnecessary complexity of the design needs to be identified and eliminated (Boothroyd et al., 2019). The five key steps involve product analysis, breaking down the design systematically into individual components and subassemblies, evaluating the material, geometry and complexity. Assembly Analysis involves analysing the assembly sequence determining the methods used and what parts are assembled, considering orientation and insertion direction. Assembly Evaluation includes evaluating each assembly sequence based on its time required, complexity and rework rates. Simplification and optimization involve proposing design modifications to ease assembly reducing cost and errors. Documentation and feedback include DFA analysis documentation is produced and discussed among relevant design teams. The main principle is to find a balance between manufacturing feasibility, product functionality and assembly efficiency.  
Critics argue that too much focus is set on simplifying the assembly process and not on the functionality of the part or performance. Also, some research suggests that more influential factors such as material cost and tooling expenses are more important to focus on as design for assembly impact can be minimal (Ezpeleta et al., 2019). 
Another design for assembly methodology used throughout the industry is Six Sigma DFA, the methodology is a data driven approach with the goal to improve efficiency and quality. During the six sigma DFA process the data-driven analysis is key, there are five stages to this process. Data collection, recording cycle times, defect rates, rework percentages and relevant data. Data analysis involves applying statistical techniques to identify anomalies and trends within the data. Root cause analysis means identifying the underlying factors causing the assembly issues. Performance metrics include using these resources to measure the effectiveness of these factors. Continuous improvement involves continuously monitoring the data to identify optimization opportunities.  (Pyzdek and Keller, 2014)
Some critics suggest that the six sigma DFA methodology is resource intensive, requiring a cost and time investment.  Also, the techniques used could require specialised knowledge that may not be readily available, depending on the organisation (Sony et al., 2020).
[bookmark: _Toc139306464]Optimized CAD
[bookmark: _Toc138962003]Figure 53 Wind Turbine Blade After Optimization
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[bookmark: _Toc138962004]Figure 54 Wind Turbine Blade After Optimization
[image: A picture containing red, carmine, design

Description automatically generated]

[bookmark: _Toc138962005]Figure 55 Wind Turbine Attachment after Optimization
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[bookmark: _Toc138962006]Figure 56  Wind Turbine Attachment after Optimization
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[bookmark: _Toc139306465]Design Change
Poka-yoke is a Japanese concept discussed throughout the industry (Shigeo Shingo, 2006) as part of the Toyota Production System created in 1960. The mentality of the concept is to implement error proof mechanisms to prevent mistakes and defects within the manufacturing process. The fundamental principles consist of prevention of errors, detection and warning, simplicity and cost effectiveness and Operator involvement. The prevention of errors refers to poka-yokes aim to eliminate re-occurring errors, for example the wrong orientation of assembled parts. The detection and warning principle is in place for errors that cannot be entirely avoided, focussing on quickly identifying errors so solutions can be implemented. Poka-yoke is typically designed to be simple, reliable, and cost-effective. The emphasis is on implementing low-cost solutions that are easy to understand, use, and maintain, while still effectively preventing or detecting errors. The operator being involved in the assembly will directly affect the wind turbine. This is why the design change was implemented to add a guide pole fixating the blade in the correct position. This also fits in with Poka-yoke mentality for the operator to check the error while assembling. In traditional batch production it is often the case where one hundred or two hundred parts are produced before the next operator is able to inspect for errors. Implementing this design change will mediate this risk embedding a self-check mentality with the operator assembling the blade. 
The design specification that the modification was built to was thought out using design techniques and resources such as (Design for Manufacture) book. 
[bookmark: _Toc138962007]Figure 57 Design Specification
[image: ]

[bookmark: _Toc139306466]Injection Moulding
Many plastic parts are created by injection moulding, involving injecting molten plastic into an open space in a device called a mould (Tremblay, 2013). High-density polyethylene (HDPE) or polypropylene (PP) are often used during the injection moulding process. The blade housing will be injection moulded and therefore must adhere to the manufacturing principles such as draft angle, parting lines and mould flow. 
The injection moulding process is started via plastic resin pellets processing through the hopper. The hopper feeds the pellets through the barrel. This is done by heat and pressure, then electrical bands outside the barrel provide heat while a screw produces pressure. Pellets are then shifted into the mould via the screw, while the ram builds pressure needed to force pallets into the mould. The ram pushes the screw forward when the resign is hot enough. The plastic resign is inserted into the cavity via a small nozzle (ejector gate). Mould flow is critical in this part of the process. The part then takes shape and once cooled the mould opens and the ejector pins separate the part from the mould (Figure 58).  

[bookmark: _Toc138962008]Figure 58 Injection Moulding Machine
[image: ]
Plastic Pallets are injected into a mould, in industry it can often be called the tool. The main upfront cost of the injection moulding process is the manufacturing of the mould, the material is high density tooling steel which comes at an expense. The mould is made from a cavity and core which are pressed together. The lead time for manufacturing a mould often varies between each supplier, considering mould flow analysis and DFM the standard is sixteen weeks.

[bookmark: _Toc138962009]Figure 59 Mould (Cavity & Core)
[image: ]
[bookmark: _Toc139306467]DRAFT ANGLE
The item is cooled and then ejected using ejector pins after being moulded during the injection moulding process. Draft is the process of giving the part's wall more angle, which occasionally results in less material being used. Draft is used to stop components from sticking to the mould as they are being extracted. A 50mm high wall would typically have a 2-degree draft angle. It would have a 3-degree draft angle on a 75mm-high wall. To make complex parts in large quantities, compromises are frequently necessary. 
Draft angles are fundamental to the design they need to be implemented to prevent the mould sticking to the component costing time and money. No draft angle will lead to the mould being damaged this will also affect future parts. Draft provides many advantages such as minimising the risk of warpage and sink marks (Rosato, 2015)
[bookmark: _Toc139306468]Mould flow 
Designers and toolmakers utilise mould flow analysis to predict how the plastic resin will move through the item during the injection moulding process. In the industry, software like Autodesk mould flow is frequently utilised. It identifies possible issues in the part, integrating mould flow into the design phase is a great asset. Warpage and shrinkage are typical issues, early detection of these issues reduces the possibility for component quality issues and the lead time for tool design.    
[bookmark: _Toc139306469]DFM (Design for Manufacture)
Design for Manufacture (DFM) is the process of creating a product while thinking about the manufacturability so that it may be manufactured more easily and effectively. To do this, the designer must be creative throughout the design phase while considering aspects of production, including material, machinability, fabrication, assembly, test, and repairability. DFM must be used throughout the design phase since parts that are more easily manufactured can produce better results when mass-produced. 
Computer aided design and Design for manufacture techniques are used throughout the automotive industry to maximise effectiveness. The use of topology and AI generative design is crucial to producing components with the ability to be easily manufactured. Garg et al. (2018) conducted a case study using CAD software to optimize the design of automotive chassis components for manufacturability. The study results showed that manufacturing costs were reduced and the product quality improved. 
The DFM Process employs a variety of rules, all of which work towards assisting the manufacturing process. One of the best options to lower manufacturing costs and quality issues is to simplify the design and reduce the number of parts (Wenzhan , Hung-Wen Chao and Yu, 2020). Creating a modular design makes production tasks like inspection and assembly simpler. Standard components are less expensive and lead times are shortened by their high availability. By making parts multifunctional, the total number of parts is decreased. Costs can be decreased by minimizing the manufacture and material processes. This will give the manufacturing process achievable limits and will prevent the need for expensive custom processes to obtain tolerances outside of the regular range (Verband Der Automobilindustrie, 2019)
[bookmark: _Toc139306470]Final Optimized design
The considerations for my final design will be, draft angle, parting line and material. The parting line, where the cavity and core meet, can be seen in figure sixty. Figure sixty also shows the draft angle, due to the wall height 1 degree of draft was implemented. The material used will be PP polypropylene due to the versatility it is a thermoplastic with excellent chemical resistance and durability. It offers good weather resistance and can withstand exposure to sunlight and harsh environmental conditions.
[bookmark: _Toc138962010]Figure 60  Wind Turbine Attachment after Optimization Parting Line
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The parting line was not over any functional features, this would cause problems for example low retention and insertion forces. Draft angle was implemented onto the side walls shown in figure sixty to ease the part out of the mould. 
The blade was manufactured through resin infusion this is where a mold or tooling is used to create the shape of the blade, and layers of composite materials such as fiberglass or carbon fibre are manually or automatically laid up onto the mold. Then, a resin, such as epoxy or polyester, is infused into the layup under vacuum, allowing it to saturate the fibres and form a solid composite structure.
[bookmark: _Toc139306471]Other parts that were redesigned for assembly reasons
[bookmark: _Toc139306472]Clip Feature to prevent wrong rotation. 
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[bookmark: _Toc139306473]Lock in feature to insure correct flag orientation during assembly.
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[bookmark: _Toc139306474]Conclusion
Design for Manufacturing and Design for Assembly techniques are key to implementing a successful mass-produced part. Considering manufacturing and assembly perspectives at design stage is crucial to embedding a flawless design at the start of production. By considering design for assembly techniques such as Poka-Yoke, time and costs can be reduced, ensuring the component is assembled correctly by the operator, drastically reducing the need for quality control at a later stage. 
Additive manufacturing also provides cost and time saving. The ability to produce parts prior to tooling being manufactured can be a significant asset. The advantages to additive manufacturing in an injection moulding project consists of being able to construct jigs and perform trial builds during the tooling stage, assisting the tool design. The key to 3D printing is the preparation, positioning of the part, maintaining the machine, and ensuring the correct environment. The main flaws can be avoided by tilting the part, placing it in the centre of the build unit and leaving space between parts. 
Additive manufacturing, design for assembly and design for manufacture implemented in sink, will revolutionise engineering projects. The key milestones will be completed at highly reduced timings, creating more competitive lead times throughout the industry. The use of finite element analysis is a valuable resource throughout the design stage to add confidence in the design. This confidence in the design extends to resources such as failure modes and effects analysis. Being able to identify future problems is a significant advantage. Incorporating the solutions into the design enhances the capability and efficiency of the product. The more additive manufacturing technology progresses, the more proficient it will become throughout the industry. 
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MJF technology

HP Multi Jet Fusion technology offers speed advantages and control over part and material properties
beyond those found in other 3D printing processes.

HP Multi Jet Fusion technology starts by laying down a thin layer of material in the working area. Next,
the carriage containing an HP Thermal Inkjet array passes from left to right, printing chemical agents
across the full working area. The layering and energy processes are combined in a continuous pass of
the second carriage from top to bottom. The process continues, layer-by-laer, until a complete part is
formed. At each layer, the carriages change direction for optimum productivity.

Material recoat  Apply fusing agent  Apply detailing agent

* ® 6666 ooo0o

Fusing

Fused

(@ (b) (0 (d) (e)

(a) The material is recoated across the work area.
(b) A fusing agent (F) is selectively applied where the particles are to fuse together.

(c) A detailing agent (D) is selectively applied where the fusing action needs to be reduced or amplified.
In this example, the detailing agent reduces fusing at the boundary to produce a part with sharp and
smooth edges.

(d) The work area is exposed to fusing energy.

(e) The part now consists of fused and unfused areas.
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Usage recommendations

HP Multi Jet Fusion technology facilitates usability with a well-defined workflow.

1. Prepare your design for printing: Open your 3D model and check for errors with easy-to-use HP'
software.

2. Packmodels and send to printer: Place multiple models into the software and submit the job to the
printer.

3. Addmaterlals: Insert the material cartridges into the processing station.

4. Automated mixing: You will have a clean loading and mixing experience because the processing
station is enclosed and automated. Materials are loaded into the build unit.

5. Remove the bulld unit from the processing station.
6. Slide the bulld unit Into the printer.

7. Printing with voxeHevel control: Just tap Start to get extreme dimensional accuracy and fine detail,
thanks to HP's unique multi-agent printing process.

8. Streamlined workflow: The build unit can be removed from the printer-which is now ready for the
next build—and slid back into the processing station.




image26.png
(D SmartStream 3D Buid Mana Untitled.ssp

File Edt View Help

o A

s 00:00:00

[Z] Job settings.

Untitied

HP 4200 PRN

x354% | v 354% | [z 279%
Reset





image27.png




image28.png




image29.png




image30.png
Curved Flat Curved

Plastic Warpage Plastic Warpage




image31.png




image32.png




image33.jpeg
Detailed features
facing up for
sharp defined
surface.

20° Tilt (Avoid
Stair Stepping on
top surface)

i





image34.png
Technical specifications

Category Measurement Value Method
General Properties Powder melting point (DSC) 187 °C/369 °F ASTM D3418
Particle size 60 um ASTM 03451
Bulk density of powder 0.425 g/cm? ASTM D1895
Density of parts 1.01 g/cm?® ASTM D792
Mechanical Properties Tensile Strength, Max Load* - XY 48 MPa/6960 psi ASTM D638
Tensile Strength, Max Load* - Z 48 MPa/6960 psi ASTM D638
Tensile Modulus* - XY 1700 MPa/245 ksi ASTM D638
Tensile Modulus* - Z 1800 MPa/260 ksi ASTM D638
Elongation at Break* - XY 20% ASTM D638
Elongation at Break* - Z 15% ASTM D638
Thermal Properties Heat Deflection Temperature (@ 0.45MPa)-Z  175°C/350 °F ASTM D648

Heat Deflection Temperature (@ 1.82 MPa)-Z ~ 959(/205 °F ASTM D648
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Table +1 Time scheduling

Printing time Safety cooling Natural cooling tme Fastcooling
time. time*
Bulldchamber  Fostprintmode  Defoult/ Normal Minimum * (insystems with
Strength print fostoooling
mode Integrated)
100% full 10h 16 h 20 min 20-30 min 46h 31h 10h
75% full 7h30min 12h 15 min 20-30 min 35h 23h 8h
50% full 5h 8h10min 20-30 min 23h 1Bh 65h
25% full 2h30min 4ah 20-30 min 12h 8h 5h
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User Guide includes step by step instructions
to perform maintenance

Printer maintenance activities

Frequency Act

Clean the print zone, carriage and housing structure
Clean carriage bottom and fusing lamps glasses

T Clean temperature camera glass =
Clean the spittoon
Clean exterior of printer
Clean scan-axis wipers and the inside of the carriage

Weekly Clean Service station caps 60'

Clean Recoating roller and plates and scan axis wiper
Clean the top enclosure filters (right and left)

Clean Carriage rail
Every 6 months Clean Recoating unit eft box and rod a0
Clean Fusing lamp glasses and Top lamp quartz glass

Replace Top enclosure leftflter (About every 80 full builds)
Replace Top enclosure right filter (About every 30 full builds)
Replace Top lamps and fusing lamps
When printer requires it Replace print-zone filter (About twice a year)
Replace the cleaning roll's rubber blade (About once every 100 full builds)
Replace Heating-tamp filter (About twice a year)
Replace printer E-cabinet and Power box ilters (Once a year)

5’ (Filters)
10-15' (lamps)




