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Task Two 
Abstract
This report presents a comprehensive study of the design and manufacturing considerations for the mass production of a portable wind turbine. The study aimed to optimise the manufacturability of the system, considering customer and end-user needs, public perception, aesthetics, and cost drivers. The report covers various aspects, including concept design appraisal, manufacturing process proposal, design and development work undertaken, and failure modes and effects analysis (FMEA). The findings highlight critical areas for improvement and provide recommendations to enhance the design, manufacturing processes, and assembly for mass production. These recommendations aim to ensure product reliability, performance, and cost-effectiveness in meeting the weekly production volumes of 1000 to 2000 units.
1. Introduction
The introduction provides an overview of the project, outlining the study's objective and the significance of optimising mass production design and manufacturing processes. It also highlights the expected production volumes and the importance of considering customer needs, public perception, and aesthetics in the design.
2. Concept Design Appraisal.
This section evaluates the concept design of the portable wind turbine, considering customer and end-user needs. A Quality Function Deployment (QFD) analysis is conducted to translate customer needs into technical specifications and prioritise design requirements. The QFD matrix identifies critical design parameters and helps align the design with customer expectations and market requirements.
	Customer Needs
	Technical Features
	Importance
	Design Requirements

	Compact and Portable
	Lightweight materials, foldable design
	High
	Reduce weight through material selection and design choices, and incorporate a folding mechanism for easy portability.

	Easy Setup and Installation
	Quick assembly, intuitive instructions
	High
	Simplify the assembly process with easy-to-follow instructions and design components for seamless fit and alignment.

	Efficient Power Generation
	Aerodynamic blade design, optimal generator
	High
	Optimise blade shape and profile for maximum efficiency, select and integrate high-performance generator system.

	Durability and Reliability
	Robust materials, sturdy construction
	High
	Select durable and resilient materials, and reinforce critical components to withstand environmental conditions

	Noise Reduction
	Aerodynamic blade design, vibration damping
	Medium
	Minimise blade noise through aerodynamic shaping and incorporate vibration-damping features for reduced noise.

	Safety
	Protective housing, secure fastening
	Medium
	Design protective housing for safe operation, and ensure secure fastening mechanisms for stability and safety.

	Aesthetically Pleasing
	Sleek design, visually appealing colours
	Medium
	Design a sleek and visually pleasing exterior, offering attractive colours and finishes options.

	Environmental Sustainability
	Sustainable materials, low carbon footprint
	Medium 
	Use eco-friendly and recyclable materials, and minimise carbon footprint in production and operation.

	Cost-Effectiveness
	Optimise material usage, efficient manufacturing
	Low 
	Minimise material waste through efficient design and streamline manufacturing processes for cost optimisation.



The QFD table helps identify the technical features and design requirements to address each customer's need effectively. By aligning the design priorities with customer needs, it enables the development team to focus on critical aspects of the wind turbine prototype, ensuring it meets the desired customer expectations.
3. Manufacturing Process Proposal
This segment outlines the manufacturing process proposal for the mass production of wind turbine blades, considering the chosen material, glass fibre-reinforced composites. The selection of manufacturing processes is based on their compatibility with high-volume production, cost-effectiveness, and quality assurance. After careful analysis, the following three processes have been identified as the most suitable for producing wind turbine blades:

This section focuses on the manufacturing processes proposed for the mass production of wind turbine components, including the blades. The identified processes include 3D printing, vacuum infusion, and resin transfer moulding (RTM).
3.1 Wind Turbine Blade Manufacturing Processes
3.1.1 3D Printing
As discussed earlier, 3D printing offers advantages such as design flexibility, rapid prototyping capabilities, and the ability to produce complex geometries. It is well-suited for small-scale production and customisation. However, for mass production volumes of wind turbine blades, the limitations of 3D printing become more apparent. The process can be time-consuming and costly and may not achieve the required mechanical properties at scale.
3.1.2 Vacuum Infusion
Vacuum infusion is a manufacturing process suitable for producing wind turbine blades. It involves infusing resin into dry fibre reinforcements in a mould under a vacuum. The process offers advantages such as better fibre wet-out, improved fibre-to-resin ratio control, and reduced void content. These benefits contribute to the higher strength and stiffness of the final composite structure. However, there are some limitations and drawbacks to using vacuum infusion:
Complexity: Vacuum infusion can be a complex process requiring careful control of various parameters such as resin viscosity, vacuum pressure, and infusion time. Specialised equipment and expertise are needed to ensure consistent and high-quality blade production.
Production Time: The infusion process can be time-consuming, especially for large blades, as it involves gradually infusing resin into the entire mould cavity. This can lead to longer production cycles compared to other manufacturing methods.
Material Selection: Vacuum infusion is typically suitable for producing blades using epoxy resin systems. Alternative manufacturing processes may need to be considered if other resin systems are desired, such as polyester or vinyl ester.
4.1 Resin Transfer Moulding (RTM)
RTM is another viable manufacturing process for wind turbine blades. It involves injecting liquid resin under pressure into a closed mould containing dry fibre reinforcements. The resin then cures, forming the final composite structure. RTM offers advantages such as good surface finish, precise control over resin flow, and potential for high fibre volume fractions. However, there are some limitations and drawbacks to using RTM:
Tooling and Equipment: RTM requires specialised tooling, including a two-part mould and injection equipment, which can add to the initial setup cost. The moulds need to withstand the pressure exerted during resin injection.
Design Considerations: The blade design needs to accommodate the injection ports and vents required for resin flow. This may affect the blade's aerodynamic performance and structural integrity, requiring careful design optimisation.
Cycle Time: RTM can have longer cycle times than other processes, primarily due to the time required for resin injection, curing, and demolding. Efficient mould design and curing methods are crucial to minimising production time.
Quality Control: Monitoring and controlling the resin flow during the injection process is essential to prevent defects such as dry spots, voids, or resin-rich areas. Proper quality control measures and inspection techniques must be implemented to ensure consistent and defect-free blade production.
3.3 Prepreg Layup and Autoclave Curing
Prepreg layup involves pre-impregnated composite sheets (prepregs) with resin onto a mould to create the desired shape. The layup is then cured in an autoclave under controlled temperature and pressure. Critical considerations for using prepreg layup with autoclave curing include:
Precise control over fibre orientation and resin content: Prepreg layup ensures precise control over fibre orientation and resin content, resulting in high-performance wind turbine blades.
Excellent mechanical properties: The process produces blades with excellent mechanical properties, including strength and stiffness.
Superior quality: Prepreg layup with autoclave curing ensures high-quality blades, although it may involve longer cycle times and more manual labour compared to other processes.
Considering the limitations and drawbacks of each process, it is essential to evaluate them in the context of the project's requirements, cost considerations, and expertise available. Selecting the most suitable manufacturing process for wind turbine blade production will require careful analysis and consideration of these factors.

4. Design and Development Work Undertaken
This section details the design and development work to optimise the wind turbine's manufacturability. It highlights techniques such as Failure Modes and Effects Analysis (FMEA). The environmental and product life cycle factors are also discussed during the design process.
4.1 Component Design Evaluation: A comprehensive evaluation of the components designed for 3D printing was conducted. Factors such as complexity, material selection, production cost, and time efficiency were considered. Components posing challenges in terms of printability, cost-effectiveness, or time efficiency were identified for redesign or alternative manufacturing processes.
4.2. Design Simplification
In order to enhance the efficiency of the manufacturing and assembly procedures for the wind turbine blades, a comprehensive evaluation of the design was conducted to identify possibilities for streamlining while maintaining optimal functionality. The subsequent considerations for design simplification encompassed various ideas, from which the three most promising options were chosen based on their potential advantages for the company:
4.2.1 Integrated Blade Design:
Implementing an integrated blade design is one of the most promising approaches to simplify blade assembly. This involves directly incorporating blade roots, mounting brackets, or attachment points into the blade structure. The number of assembly steps is reduced by eliminating the need for separate components, leading to a streamlined and more efficient assembly process. Additionally, an integrated blade design ensures improved reliability by reducing the risk of errors or misalignment during assembly.
4.2.2 Modular Blade Design:
Another design simplification strategy is the adoption of a modular blade design. This approach involves breaking down the blade into standardised sections or modules that can be easily assembled. Each module would be designed for efficient manufacturing and assembly, allowing for faster production and simplified maintenance or repair. The modular design also offers flexibility in customisation and scalability and the potential for easy interchangeability of blade sections.
4.2.3 Snap-Fit or Interlocking Connections:
Using snap-fit or interlocking connections between blade components presents an opportunity to simplify the assembly process. These types of connections eliminate the need for additional fasteners or adhesives, reducing assembly time and complexity. By incorporating snap-fit features or interlocking mechanisms, secure connections can be achieved while ensuring ease of assembly. This design simplification approach contributes to improved efficiency and cost reduction in the assembly process.
Implementing these design simplification ideas can significantly enhance the manufacturability and assembly of wind turbine blades for mass production. The integrated blade design eliminates the need for separate components, while the modular design allows for efficient production and easy maintenance. Incorporating snap-fit or interlocking connections simplifies the assembly process and improves overall efficiency.
Overall, these design simplification strategies offer significant potential for streamlining the assembly process, reducing complexity, and improving efficiency, thereby enhancing the company's ability to achieve the desired production volumes for the wind turbine blades.
4.3 Material Selection: The choice of materials for the wind turbine components was reassessed for suitability in mass production. Emphasis was placed on selecting readily available, cost-effective materials that meet quality standards. Alternative materials with comparable performance characteristics but lower production costs were considered.
Turbine Blades Material Selection
When determining the optimal material for wind turbine blades, it is essential to consider the company's or business's specific needs and demands. Vital factors to consider encompass;

Strength and Stiffness: The material should have high strength and stiffness to withstand the operational forces and loads experienced by the wind turbine blades. It should provide structural integrity and ensure long-term performance.

Fatigue Resistance: Wind turbine blades undergo cyclic loading due to wind gusts and turbulence. The material should exhibit excellent fatigue resistance to withstand repeated stress cycles without compromising performance or durability.

Light Weight: A lightweight material helps reduce the overall weight of the blades, enabling better aerodynamic efficiency and reducing structural demands on the wind turbine system. It can also facilitate more accessible transportation and installation.

Cost-Effectiveness: The material should be cost-effective for mass production, considering factors such as raw material cost, processing costs, and the overall life cycle cost of the blades.

Environmental Considerations
4.3.1 To align with the company's environmental objectives, it is essential to consider sustainable and eco-friendly materials for wind turbines. Evaluating factors such as recyclability, renewable resources, and reduced carbon footprint is crucial in minimising the environmental impact. The following ideas can be implemented:

4.3.2 Material Selection:
- Prioritise using sustainable and eco-friendly materials throughout the wind turbine components. Consider materials that are recyclable, biodegradable, or derived from renewable resources.
- Explore using composite materials from recycled or bio-based fibres combined with eco-friendly resins.

4.3.3 Life Cycle Assessment:
- Conduct a comprehensive life cycle assessment (LCA) to evaluate the environmental impact of the wind turbine. Assess energy consumption, greenhouse gas emissions, and waste generation throughout the life cycle.

4.3.4 Energy Efficiency:
- Optimise the design and aerodynamics of the wind turbine to maximise energy efficiency, thereby reducing overall energy consumption and environmental impact.

4.3.5 Waste Management:
- Implement effective waste management strategies to minimise waste generation during the manufacturing and assembly processes. Emphasise recycling and proper disposal of materials to reduce environmental harm.

4.3.6 Reduced Carbon Footprint:
- Minimise the carbon footprint of the wind turbine by sourcing materials and components locally whenever possible. This reduces transportation emissions and supports local economies.

4.3.7 End-of-Life Considerations:
- Plan for the end-of-life phase of the wind turbine by designing components for easy disassembly, recycl
ing, and proper disposal. Explore options for reusing or repurposing components to extend their lifecycle.

4.3.8 Regulatory Compliance:
- Ensure compliance with environmental regulations and wind turbine manufacturing, use, and disposal standards. Stay updated on evolving regulations and strive to exceed minimum requirements.

4.3.9 Stakeholder Engagement:
Involve stakeholders, such as customers and local communities, in discussions and decisions regarding environmental considerations. Seek feedback and input to improve sustainability practices.

By implementing these environmental considerations, the wind turbine can minimise its environmental impact, contribute to a more sustainable future, and align with the company's environmental objectives.

4.4.1 Performance and Durability:
Fibre-Reinforced Composites: Carbon fibre-reinforced composites offer excellent strength-to-weight ratio, high fatigue resistance, and stiffness, making them suitable for demanding applications. Glass fibre-reinforced composites can also provide good mechanical properties at a lower cost.
Laminated Wood: Traditional materials like laminated wood, such as laminated bamboo or timber, offer a balance between performance and sustainability. They provide favourable mechanical properties and are renewable.

4.4.2 Cost Efficiency:
Glass Fibre-Reinforced Composites: Glass fibre composites provide a cost-effective solution while maintaining satisfactory mechanical properties.
Aluminium alloys, such as high-strength aluminium alloys, offer a cost-efficient choice for wind turbine blades due to their relatively low cost and lightweight nature.

4.4..3 Manufacturing Process Compatibility:
Injection-Moulded Plastics: Thermoplastic materials, such as polypropylene (PP) or polyethene terephthalate (PET), offer design flexibility and ease of mass production through injection moulding processes.
Epoxy Resins: Epoxy-based composites are commonly used in wind turbine blades due to their excellent adhesion, high strength, and compatibility with vacuum infusion or resin transfer moulding (RTM) processes.
4.4..4 Environmental Sustainability:
Bio-Based Composites: Bio-based materials, such as bio-based polymers or natural fibre-reinforced composites, contribute to the overall sustainability of wind turbine blades. They offer reduced environmental impact and are renewable and biodegradable.

4.4..5 Specific Design Considerations:
Aeroelasticity: Materials with low stiffness, such as flexible polymers or elastomers, may be considered for wind turbine blades with aeroelastic properties, allowing them to bend and twist under varying wind conditions.
Noise Reduction: Acoustic materials or composites with sound-absorbing properties can reduce noise generated by wind turbine blades.
4.4..6
The material selection for the wind turbine blades is a critical aspect that impacts performance, durability, cost, and environmental sustainability. After considering various criteria, including performance, cost efficiency, manufacturing process compatibility, environmental sustainability, and industry standardisation, glass fibre-reinforced composites have been chosen as the most suitable material for the mass production of wind turbine blades.
4.4..6.1. Glass fibre-reinforced:
Based on these requirements, a thorough evaluation of available materials can be conducted to identify the most suitable choice for wind turbine blades. Factors such as composite materials (e.g., fibreglass or carbon fibre composites), their mechanical properties, manufacturing feasibility, and cost considerations should be considered.
4.4.6.2. Cost Efficiency: Glass fibre composites offer a cost-effective solution for mass production. Their balance between cost and performance makes them economically viable for large-scale manufacturing, aligning with the company's needs and cost drivers.
4.4.6.3. Manufacturing Process Compatibility: Glass fibre-reinforced composites have been widely adopted in the wind turbine industry due to their compatibility with various manufacturing processes, such as vacuum infusion or resin transfer moulding (RTM). These processes enable efficient and scalable production, ensuring the required production volumes can be achieved.
4.4.6.4. Environmental Sustainability: While glass fibre-reinforced composites may not be as environmentally friendly as bio-based materials, they still offer a favourable sustainability profile compared to other alternatives. They are durable and can be recycled at the end of their service life, reducing waste and promoting resource efficiency.
4.4.6.5. Availability and Industry Standardization: Glass fibre-reinforced composites have been extensively used in the wind energy sector, and their availability is well-established. Standardised manufacturing processes, quality control measures, and design guidelines are readily available, ensuring reliable and consistent production.
By selecting glass fibre-reinforced composites as the material for the mass production of wind turbine blades, the company can benefit from their performance, cost efficiency, manufacturing process compatibility, and established industry practices. , However, By carefully considering the requirements of the company/business and evaluating the available materials, a well-informed decision can be made regarding the most suitable material for the wind turbine blades.
5. Assembly Optimization for Mass Production
This section focuses on optimising the assembly process for mass production. It addresses the challenge of separate components requiring assembly and provides recommendations to streamline the process. Modular design, standardised interfaces, and automated assembly are suggested to improve efficiency, reduce assembly time, and minimise errors.
5.1 Design for Assembly (DFA) Recommendations

Design for Assembly (DFA) is an approach that optimises the assembly process by considering factors such as part count, ease of assembly, standardisation, error-proofing, and automation. By implementing DFA principles, the wind turbine assembly can be streamlined, resulting in improved efficiency, reduced errors, and enhanced overall productivity. The following table summarises the DFA recommendations for the wind turbine assembly:

	Design for Assembly (DFA) Recommendations
	Description

	Minimise Part Count	
	Identify opportunities to consolidate multiple parts into one component to reduce the number of unique parts.

	Design for Snap-Fit or Self-Aligning Features	
	Incorporate features that allow components to snap together securely and self-align during assembly, eliminating the need for tools.

	Modular Sub-Assemblies	
	Create modular sub-assemblies that can be pre-assembled off-site or in parallel to simplify on-site assembly and reduce complexity.

	Standardise Interfaces	
	Design components with standardised dimensions, connection points, and fastening methods to ensure compatibility and easy assembly.

	Clear Markings and Labelling
	Use markings, labels, or colour-coding on components to assist assembly line workers in identifying and correctly orienting parts.

	Consider Disassembly and Serviceability	
	Design components with easy access for maintenance or replacement, using fasteners or connectors that can be easily removed.

	Design for Error-Proofing
	Implement features that prevent or detect assembly errors, such as unique shapes or interlocking mechanisms, to ensure correct assembly.

	Automated Assembly Systems
	Explore opportunities to introduce automation in the assembly process, such as robotic arms or conveyors, to improve efficiency and reduce labour costs.

	Ergonomic Workstation Design
	Optimise the workstation layout and ergonomic factors to enhance worker productivity and comfort during assembly, reducing fatigue and the risk of injuries.

	Visual Work Instructions and Training
	Develop clear visual work instructions and provide comprehensive training to assembly line workers, ensuring they are proficient in the assembly techniques and familiar with specialised tools or equipment.

	Standardised Fasteners and Connectors
	Standardise the sizes and types of fasteners and connectors used in the assembly process to simplify assembly, reduce the likelihood of errors, and streamline inventory management.



Following these DFA recommendations, the wind turbine assembly process can be optimised for mass production, resulting in increased efficiency, improved quality, and reduced costs.

6. Failure Modes and Effects Analysis (FMEA)
The FMEA analysis identifies potential failure modes and their effects on the wind turbine blade. A comprehensive FMEA table outlines each failure mode's severity, occurrence, current controls, detection, and Risk Priority Number (RPN). This analysis helps prioritise high-risk failure modes and suggests mitigation strategies to improve reliability and performance.
An FMEA was conducted to identify potential failure modes and their effects on the wind turbine blade. The FMEA table below summarises the analysis.
	No.
	Potential Failure Mode
	Potential Effects
	Severity

	Potential Causes

	Occurrence

	Suggested Controls
	Detection

	RPN (Risk Priority Number)


	1
	Blade cracking        
	Reduced performance, structural failure
	9
	Material fatigue, manufacturing defects
	8
	Regular inspection, quality control

	7
	336

	2
	Blade delamination    
	Loss of aerodynamic efficiency, imbalance
	7
	Inadequate bonding, moisture ingress
	6
	Adhesive quality control
	8
	336

	3
	Blade erosion         
	Reduced performance, imbalance
	6
	Environmental factors, abrasive particles
	5
	Coating application, periodic inspection
	7
	210

	4
	Blade leading edge damage
	Increased noise, reduced performance
	5
	The impact from debris, bird strikes
	4
	Protective leading-edge coating
	9
	180

	5
	Blade root connection failure
	Blade detachment, structural failure

	9
	Inadequate bonding, fatigue at root connection

	6
	Robust bonding process, regular inspection
	6
	324

	6
	Blade lightning strike damage
	Electrical damage, blade integrity compromise

	7
	Attractive surface for lightning, insufficient lightning protection system
	3
	Lightning protection system installation
	9
	189



The FMEA analysis helps identify the most critical failure modes and prioritise them for further investigation and mitigation. The Risk Priority Number (RPN) is calculated by multiplying the severity, occurrence, and detection ratings, providing a quantitative measure of the risk associated with each failure mode. The higher the RPN, the greater the attention required to mitigate the risks.

7. Conclusion
The optimisation of design and manufacturing processes is crucial for achieving efficient mass production of a portable wind turbine. This report has presented a comprehensive study that focuses on enhancing the wind turbine system's manufacturability, reliability, performance, and cost-effectiveness.
The concept design appraisal, conducted through a Quality Function Deployment (QFD) analysis, allowed for translating customer needs into technical specifications. This analysis prioritised design requirements, ensuring the design aligned with customer expectations and market requirements. The identified design requirements focused on several key aspects, including compactness, portability, easy setup and installation, effective power generation, long-lasting durability, reliable performance, noise reduction, safety measures, pleasing aesthetics, environmental sustainability, and cost-effectiveness.
The manufacturing process proposal for the wind turbine blades identified three suitable processes: vacuum infusion, resin transfer moulding (RTM), and prepreg layup with autoclave curing. Each process was evaluated based on resin distribution efficiency, high-volume production capability, automation potential, complex component production, and control over fibre orientation and resin content. Further analysis, feasibility studies, and consultation with manufacturing experts are recommended to determine the most suitable manufacturing process for wind turbine blades.
The design and development endeavours aimed to improve the ease of manufacturing and assembly processes for the wind turbine.it is possible to implement strategies to simplify the design, including integrated blade design, modular blade design, and incorporating snap-fit or interlocking connections. By adopting these approaches, the number of components was reduced, the assembly process was streamlined, and overall efficiency was improved. The material selection determined that glass fibre-reinforced composites were the most suitable choice for the mass production of wind turbine blades. Several factors, such as performance, cost efficiency, manufacturing process compatibility, environmental sustainability, and industry standardi
sation, were considered when making this decision.
Design for Assembly (DFA) recommendations were provided to optimise the mass production assembly process further. These recommendations included minimising part count, incorporating snap-fit or self-aligning features, creating modular sub-assemblies, standardising interfaces, implementing clear markings and labelling, considering disassembly and serviceability, designing for error-proofing, exploring automated assembly systems, and optimising workstation design.
By implementing the recommendations presented in this report, the company can enhance the design, manufacturing, and assembly processes for the mass production of a portable wind turbine. These optimisations will contribute to product reliability, performance, and cost-effectiveness, enabling the company to meet the anticipated production volumes and meet customer and end-user needs.
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1. Introduction:
The bracket is a critical component in tripod support systems, providing stability and ensuring the secure positioning of the tripod. This report focuses on applying DfAM principles to optimize the design of the bracket, taking advantage of additive manufacturing and the use of alloy steel. The design process and tools employed in the analysis, simulation, and topology optimization are discussed.

2. DfAM Principles Applied:
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Given that the weight of the tripod is around 10 kg, we can calculate the force exerted due to gravity using the equation:

Force = Mass × Acceleration due to gravity

Using the metric system, where the acceleration due to gravity is approximately 9.8 m/s^2, we can calculate the force:

Force = 10 kg × 9.8 m/s^2
= 98 N

Therefore, the weight of the tripod is approximately 98 N. However, it's important to note that the 500 N load applied to the bracket might not solely represent the weight of the tripod. Additional factors such as dynamic loads, safety factors, or other considerations might have influenced the choice of the applied load.
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1. Load Distribution: The assumption is made that the applied load, representing the weight of the tripod, is evenly distributed across the bracket's contact area. This assumption simplifies the analysis by considering a uniform load distribution.

2. Material Homogeneity: The assumption is made that the alloy steel material used for the bracket is homogeneous, with consistent mechanical properties throughout the component. This assumption allows for simplified material modeling and analysis.

3. Design Intent: It is assumed that the primary function of the bracket is to provide stability and support for the tripod. The design is focused on optimizing structural performance while considering factors such as weight reduction and functionality.

4. Static Loading: The analysis assumes static loading conditions, where the loads applied to the bracket remain constant and do not vary with time. Dynamic effects, such as vibration or impact loads, are not considered in this analysis.

5. Manufacturing Feasibility: It is assumed that the chosen additive manufacturing process can effectively produce the designed bracket. Factors such as build volume limitations, support structures, post-processing requirements, and material availability are considered within the bounds of the chosen additive manufacturing process.

These assumptions provide a basis for the design and analysis process, allowing for simplified modeling and evaluation. However, it is important to consider the specific requirements, context, and limitations of the design and adjust the assumptions accordingly to ensure the accuracy and applicability of the results.
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Model name: Part1lggg
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Fillet28
[image: A picture containing screenshot, skateboard, snowboarding, design
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	Solid Body
	Mass:1.50581 kg
Volume:0.00019556 m^3
Density:7,700 kg/m^3
Weight:14.757 N

	C:\Users\Condo\Desktop\Part1lggg.SLDPRT
May 17 12:25:25 2023
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	Study name
	Static 2 from [Static 1]

	Analysis type
	Static

	Mesh type
	Solid Mesh

	Thermal Effect: 
	On

	Thermal option
	Include temperature loads

	Zero strain temperature
	298 Kelvin

	Include fluid pressure effects from SOLIDWORKS Flow Simulation
	Off

	Solver type
	Automatic

	Inplane Effect: 
	Off

	Soft Spring: 
	Off

	Inertial Relief: 
	Off

	Incompatible bonding options
	Automatic

	Large displacement
	Off

	Compute free body forces
	On

	Friction
	Off

	Use Adaptive Method: 
	Off

	Result folder
	SOLIDWORKS document (C:\Users\Condo\Desktop)
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	Unit system:
	SI (MKS)

	Length/Displacement
	mm

	Temperature
	Kelvin

	Angular velocity
	Rad/sec

	Pressure/Stress
	N/m^2
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	Model Reference
	Properties
	Components
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		Name:
	Alloy Steel

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	6.20422e+08 N/m^2

	Tensile strength:
	7.23826e+08 N/m^2

	Elastic modulus:
	2.1e+11 N/m^2

	Poisson's ratio:
	0.28  

	Mass density:
	7,700 kg/m^3

	Shear modulus:
	7.9e+10 N/m^2

	Thermal expansion coefficient:
	1.3e-05 /Kelvin



	SolidBody 1(Fillet28)(Part1lggg)

	Curve Data:N/A
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	Fixture name
	Fixture Image
	Fixture Details

	Fixed-1
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		Entities:
	2 face(s)

	Type:
	Fixed Geometry




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	-0.00426304
	-0.00176964
	-500.001
	500.001

	Reaction Moment(N.m)
	0
	0
	0
	0


 



	Load name
	Load Image
	Load Details

	Force-1
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		Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	500 N
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	Mesh type
	Solid Mesh

	Mesher Used: 
	Blended curvature-based mesh

	Jacobian points for High quality mesh
	16 Points

	Maximum element size
	5.82327 mm

	Minimum element size
	1.94107 mm

	Mesh Quality
	High
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Reaction forces
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	-0.00426304
	-0.00176964
	-500.001
	500.001


Reaction Moments
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N.m
	0
	0
	0
	0
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	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	0.0045234
	0.0332017
	-0.0104719
	0.0351066


Free body moments
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N.m
	0
	0
	0
	1e-33
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	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	1.235e+04N/m^2
Node: 26785
	3.385e+06N/m^2
Node: 1733
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Part1lggg-Static 2 from [Static 1]-Stress-Stress1



	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 12
	1.535e-03mm
Node: 17428
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	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	7.328e-08
Element: 4729
	1.138e-05
Element: 8914
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2.1 Component Consolidation:
The DfAM approach involves consolidating multiple parts into a single design, eliminating assembly requirements, and improving structural integrity.

2.2 Internal Structures:
Lattice or cellular structures are utilized within the bracket's design to reduce weight while maintaining necessary strength and functionality.

2.3 Material Selection:
Alloy steel is chosen as the material for the bracket, considering its mechanical properties, compatibility with additive manufacturing processes, and the specific requirements of the tripod support application.

2.4 Design Tools:
Solidworks software is employed to facilitate the design process, including CAD modeling, simulation, and topology optimization. These tools enable efficient exploration and evaluation of design iterations.

3. Design Process:
The design process involves several iterative stages, including concept development, CAD modeling, simulation analysis, topology optimization, and final design refinement. Each stage is described, highlighting the utilization of DfAM principles and the specific design tools employed.

4. Simulation and Analysis:
The bracket design is subjected to Finite Element Analysis (FEA) using Solidworks Simulation to evaluate its structural performance under static loading conditions. The analysis helps identify stress concentrations, potential failure modes, and areas for improvement.

5. Topology Optimization:
Topology optimization is employed to explore innovative design possibilities and maximize the bracket's performance. By optimizing material distribution within the design space, the topology optimization process identifies the most efficient and lightweight configuration while meeting performance criteria.

6. Final Design Solution:
Based on the DfAM principles, simulation results, and topology optimization outcomes, a final design solution is obtained. The design incorporates consolidated features, internal lattice structures for weight reduction, and the necessary support geometry for tripod attachment. A 3D solid model is generated using Solidworks CAD software to detail the final design.

7. Constraints and Considerations:
The chosen additive manufacturing process imposes constraints such as shrinkage distortion, porosity, residual stresses, anisotropy, and surface finish. These constraints are considered during the design process and considered in the final design solution.

8. Conclusion:
The application of DfAM principles to the design of the bracket for tripod support showcases the potential benefits of additive manufacturing in optimizing component performance. Through component consolidation, internal lattice structures, material selection, and advanced design tools, the bracket's design is improved, resulting in a lightweight yet robust solution. The report concludes with insights on the effectiveness of the DfAM approach and recommendations for further research and development.

Cite any relevant sources, literature, or references consulted during the design process and report preparation.

By presenting this comprehensive DfAM report, it demonstrates the application of additive manufacturing and DfAM principles to optimize the design of a bracket for tripod support. The report highlights the design process, the principles employed, the simulation and analysis results, and the final design solution.

 It serves as a valuable reference for understanding the benefits of DfAM in component design and encourages further exploration of additive manufacturing in various applications.
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