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[bookmark: _Toc196250324]Introduction
This report has been written to show modern engineering design and manufacturing with the use of advanced technology and analytical methods to improve the precision and efficiency of product performance, as well as using CAD with appropriate design for manufacturing (DFM) and design for assembly (DFA) methodologies to create and optimize components. Computation methods will also be used to identify potential limitations of the material the component will be made with.

[bookmark: _Toc196250325]Design for X (Design for Excellence)
Is a type of design approach/framework used to complete targeted objectives; the X denotes the objectives desirable characteristics of the product/ process, for example the cost reliability, manufacturing and quality of a product could all be designated as X.
List of desirable characteristics when using design for X:
Assembly (DFA)
Manufacturing (DFM)	
Inspection (DFI)
Robustness (DFR)
Lifecycle Cost (DLC)
Safety (DFS)
Recyclability (DFR) 
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Figure 2 Tradition engineering vs design for excellence. sourced from Jordan Jenkins’s PowerPoint
[bookmark: _Toc196250326]Design for Manufacturing (DFM)
DFM is the process of designing a component or product at a high level of quality this usually includes engineering a product to given manufacturing process, reducing the manufacturing cost, efficient use of manufacturing function; fabrication, assembly, quality control, shipping, service and repair, as well as maintaining competitive processes like cost, quality, reliability, regulatory compliance, safety, market strategy and customer service.
DFM guidelines
Simplifying:
Simplifying the design and reducing the number of part/components used, the decrease in parts is usually the most effective way of reducing manufacturing cost and time.
Less components used in a product implies less development time, inventory, handling, processing time, equipment assembly difficulty, engineering time and testing.
Standardised Components:
Use of standardized components, standardized components cost less than custom-made components as these are high in availability, these components have reduced production lead time as well as wealth of other information about them like reliability factors and structural stress and strain of the component, standardized components relieve the production pressure of the supplier in turn relieving the concern of meeting production schedules and deadlines.
Design for fabrication:
Designing for fabrication is the selection of choosing the most efficient combination of material selection and the fabrication process to eliminate high cost of overall manufacturing.
Usually in at the end of the fabrication cycle final finishing operation like painting, polishing and machine finishing are only done if necessary to avoid a higher manufacturing cost.
Tight restrictive tolerances that require precise machining like surface finish requirements are over- represent in non-compliance issues, these can result in high production cost.
Tolerances:
All production processes will have an inherent capability to maintain a specific range of tolerances with certain finish/roughness, to produce a higher and tighter tolerances require more specialist equipment or additional processing resulting in more cost and higher production time, products should then be design within the scope of “normal” range of tolerances unless stated otherwise.
[bookmark: _Toc196250327]Design for Assembly (DFA)
 The main purpose of DFA is the minimize the cost of assembly of the final product as well as ease of handling and fitting and to improve the overall assembly workflow.


DFA guidelines:
Reducing the number of components:
Reducing the number components a product uses will decrease the assembly time, the cost and mitigate the likelihood that errors will occur when assembly begins. Engineers achieve this usually by integrating multiple functions into a single fully functioning part or by eliminating the use of unnecessary fasteners and clips. Hassle free joints, snap fits and interlocking features can eliminate the need for screws and bolts for fastening. Each part of the component has the chance to be defective or cause and assembly error, the probability of a perfect component decreases exponentially as the number of parts increases, with increase in parts the cost of fabrication also increases as well as the assembly process. 
Automation becomes more strenuous and more expensive with the increase in the number of parts being handled and processed, with a decrease in parts the inventory and work in progress levels will decrease.
As the component’s design is simplified the required production operations are simplified with less assembly and fabrication steps needed.
To find the minimum parts used for a component a theoretical analysis is used to ask the following:
1. Does the part move relative to all other moving parts?
2. Must the part absolutely be of a different material from the other parts?
3. Must the part be different to allow possible disassembly?

[image: Rollbar redesign following Design for Assembly principles]
[bookmark: _Toc196577931][bookmark: _Toc196578363]Figure 3 design for assembly parts reduction. Sourced from https://fractory.com/design-for-assembly-dfa/
Standardised common parts:
The standardised use of common materials and parts is to decrease the inventory in the system as well as handling and assembly processes, operator learning is also simplified with a greater opportunity for automation with higher production volumes and standardized operation.
Limiting exotic and unique components as suppliers are less likely to compete with quality and cost these components. Classifications and retrieval capabilities of the product data management (PDM) and component supplier management (CSM) system can be used by designers to get similar designs and a martial catalogue with approved parts list that can be used as a reference point for common purchases and stocked parts.
[image: What are Standard Components? Definition & Meaning | Supply Chain (SCM ...]
[bookmark: _Toc196577932][bookmark: _Toc196578364]Figure 4 showing standard components that are used in manufacturing. Sourced from https://www.mbaskool.com/business-concepts/operations-logistics-supply-chain-terms/15160-standard-components.html 

Design for ease of fabrication:
Select the right processes that are compatible with the chosen materials and production numbers, as well as selecting the right materials that will be compatible with the production process and that will minimize processing time while still meeting the functional requirements. Try to avoid unnecessary part feature as they involve extra processing steps or more complex tooling arrangement.
Below are guidelines for machine ability:
1. With higher production volumes conder casting or stamping to reduce machining.
2. Use near net shape for moulded or forged parts to decrease machining/ processing times.
3. Design for ease of fixturing by using large strong mounting and clamping surfaces.
4. Components with sharp corners or point are more likely to break when being subjected to cutting tools. 
5. Thin walls, webs, deep pockets or holes are more likely to deform while being clamped or machined.
6. Avoid tapers and contour in favour of rectangular shapes.
7. Avoid undercuts that need special tools/operations.
8. Avoid hardened/ difficult to machine materials which require specialist tools.
9. Place machined surfaces on the same plane or with the diameter to avoid more operation steps.
10. Design components to use standard cutters, drill bits or other tools.
11. Avoid small dimeter holes (small drill bits have higher breakage percentage) and length to diameter ratio (chip clearance and straightness deviation).

Principles of orientation and handling:
1. Design parts to consistently orient themselves when being fed into production process.
2. Design parts that can’t become wedged, tangled or disorientated. 
3. Parts should be symmetrical around both axes of insertion when possible, if not possible asymmetrical parts should be emphasized to assure correct assembly.
4. Parts with hidden features that require specific orientation should use external features or guide surfaces to accurately orientate the part.
5. Parts surfaces should be designed so that they are easy to grasp and fixed in place.
6. Avoid thin flat parts that require more precise handling.
7. Avoid parts with sharp edges, burrs or points. These can cause injury to the workers and customers as well as damaging product finishes.
8. Avoid delicate parts that can be easily damaged or broken.
9. Avoid sticky or slippery parts (thin oil plates, oil parts, adhesive parts, small plastic parts with smooth surfaces.).
10. Avoid high density and heavy parts as this increase worker fatigue and slow the production process down.
11. When buying necessary components try to use materials that are already orientated in magazines, bands, tapes or strips for ease of use and storage.
Flexible and interconnecting parts:
Minimize the use are flimsy and flexible parts like belts, gaskets, tubing, cables or wires. As the flexibility of these parts make material handling and assembly more difficult as well as being more susceptible to wear and damage. Where wires harnesses are used try to use unique wire connectors to avoid wrong connects being inserted. Interconnection like wire, hydraulic line and piping are expensive to produce and service, try to make the component less reliant on interconnections by co-locating the related modules to decrease the routing of interconnections.
Ease of assembly:
 Components should be designed so ease of assembly is maximized to do this the product should be able to be assembled from a top-down point as well as having parts that are self-aligned, parts that won’t need to be oriented during assembly, parts the only need one hand for assembly, no assembly tools required, singular motion assembly and self-securing once assembled.
Using simple patterns of movement and limiting the axes of assembly, parts features such as chamfer and tapers should be included to increase the ease of assembly. The product’s design should allow assembly to start with a base component with a larger mass a low centre of gravity in which other parts are added to, assembly to be started from a vertical position so other parts can be added from the top and positioned with the use of gravity. Doing this will reduce the need for orientate the part for assembly and decrease the need for temper fastening and different part features. If a part is easy to assemble manually then it can be more easily assembled with automation.
Joining and fasteners:
screw, bolts, nuts and washer all increase the belly time and are difficult to integrate into an automated production system, if they are necessary for the component they use standardized fasteners to minimize the variety and use self-threading screws and captured washer. To limit the use of threaded fasteners consider using snap fit joints and other appropriate fasting techniques for the material and production process being used.
Modular design:
Modular or building block designs minimize the number of parts early in the manufacturing process while still allowing for greater production variations in later the production phase. Modular design decreases the number of parts in inventory in-turn improving production quality, modular design can also be tested before the final assembly process, with the decrease in lead time multiple variations of the component can be produced depending on the customer preferences without having to have a high inventory stock.
Automated production:
While automated production saves production cost it also comes at cost of less flexibility when compared with manual production, the product must be designed to fit the requirements of the automated process.
The two types of automation processes are flexible robotic assembly and high-speed automated assembly.
Considerations for flexible robotic assembly:
1. Part designs should consider the standardized gripper for the robotic actuator.
2. Have self-locating parts.
3. Avoid the need for fasteners or clamps.



Considerations for high-speed automation:
1. Use limit parts or standardized part for minimum feeding bowls and conveyer belts.
2. Use closed part, parts with slots, holes or projections have a higher change of tangled in the production line.
3. Use multi-axis assembly as well as pre-oriented components to increase the assembly cycles times.

Mistake Proofing (POKA-YOKE):
Poka-yoke is a process that was create by the Japanese in the 1960s it uses multiple techniques to create an error free assembly for a product, one technique is to design the product with physical/ geometric constraints these products have unique shapes, keying features or asymmetry to ensure fit together only in a specific orientation. Sequential assembly ensure that a product’s parts can only be assembled in set sequence for example an assembly of the car engine. Colour coding and labelling is another way to avoid error when assembling, these help guide the operators and help to avoid mis-assembly. Assembly should be an unambiguous process, components should be design in a way so that they can only be assembled one way, the use of notches, asymmetrical hole or stop are good way to mistake proof your assembly process, simple no/go tooling in the for notches or stopping pint will allow the assembler to correct any assembly mistakes. Electronic products can be engineered with self-testing or diagnostic software, this will increase the overall product cost so need to be considered before being used.
[bookmark: _Toc196250328]Design for Additive Manufacturing (DfAM)
DfAM is layer by layer automated process also known as 3D printing, this process is cable of producing 3D components directly from a CAD format, this type of manufacturing can produce improved performances, complex shapes, single step processes and consolidated tooling/assemblies.



Additive vs traditional manufacturing:
	Additive Manufacturing 
	Traditional Manufacturing

	Creates the component by adding layers
	Removes material to create the component

	Can makes parts that require internal/enclosed details
	Can not easily create parts that require internal/enclosed details

	3D printers can be connected directly to the execution software (fully automated)
	CNC Programmer needs to generate tool paths and setup up machines (partially automated)

	Decreases the reliance on physical machine operation
	Loading/unloading, G code/tool path generation, components specific tooling.

	Components usually need post processing and surface finishing (support removal and sanding)
	Components can be finished in-process 


Types of Additive Manufacturing:
Material Extrusion
Powder Bed Fusion
Material Jetting
Sheet Lamination
Vat Polymerisation
Direct Energy Deposition
Binding Jetting
Additive Manufacturing advantages:
Can produce complex designs.
Allows for quick prototyping. 
More design freedom and optimisation.
Decrease in material and energy wastage.
Less tooling constraint.
Ever improving cost of entry.
Additive Manufacturing disadvantages:
Limited size and print volumes.
Surface finishing.
Overhanging features.
The need to minimize supports.
Component thermal warping.
Material isotropy and inhomogeneity
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[bookmark: _Toc196577933][bookmark: _Toc196578365]Figure 5 sourced from Gebhardt, A. (2012) Understanding additive manufacturing.
DfAM considerations:
Feature size:
the minimum size of feature is limited by the size of the laser point or the nozzle/print head size, method such as sintering of the powder means the minimum size of the feature is larger than the point of the laser so the feature size will change depending on the thermal conductivity of the power being used and the energy of the laser being applied.
Layer resolution:
Modern 3D printer can print layers with 0.1mm thin, while SLS and SLA 3D printers are much more accurate.
The more intricate and complex a component is the higher the Z resolution will need to be, printing with thinner layers will increases the number of repetitions the printer will have do to complete the component, in turn increasing the printing time, for example print at 10 microns rather than a 100 micron with increase the print time by ten. 
With increased repetitions the likelihood of errors/defects also increases as each layer has its own success rate, for example if you quadruple the resolution of the layers at 90% success rate then the success rate will likely drop to around 60% to 70%, this is why increasing the Z resolution is seen as not necessary unless the component have conventional tolerance designs.
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[bookmark: _Toc196577934][bookmark: _Toc196578366][bookmark: _Hlk196506353]Figure 6 sourced from Gebhardt, A. (2012) Understanding additive manufacturing.
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[bookmark: _Toc196577935][bookmark: _Toc196578367]Figure 7 sourced from Gebhardt, A. (2012) Understanding additive manufacturing.
Large overhangs:
When printing components the size of them will change in order to achieve the desired outcome, this can sometimes lead to material needing to be over-hanged to complete the component, if the overhang of the material is too large this will cause the material droop/sag or deformed, overhangs that are more the 45˚˚   will start to deform unless a support column is added.
If the component has hole these will also create overhangs that will to be supported with a column, changing the shape of the hole to a tear drop or diamond shape will also eliminate the need for an overhang support, the size of the hole is also a factor as holes that are 10mm or less generally don’t need to be supported, the final way to eliminate the need for overhang supports for a hole is to the print the component on the Z axis rather than the X or Y axis.



Isotropy (Directional properties of material):
Materials are characterised by two properties Isotropic or Anisotropic, materials with properties and characteristic that don’t change with a change in direction are Isotropic, materials with properties and characteristics change with a change in direction are Anisotropic, for example wood would be an Anisotropic material as its properties change when forces are applied along the direction of the grain of the wood.
Layer by layer printing in additive manufacturing means that the components will be of a Anisotropic type meaning that print components will have a significantly higher tolerances in the X and Y axis and lower tolerances in the Z axis, this is because FDM printer melt the plastic on top of the previous layer creating a mechanical adhesion rather than a chemical adhesion, the downside to this process is that the FDM layers surface don’t fully adhere to the previous surfaces even when the previous layer is partially melted the other layer are only partially adhered to the neighbouring layer, this then results in printed components having different mechanical properties depending on the orientation and direction the load is being applied.
The most effective way to avoid an Anisotropic failure is to print the component in the direction where load would be applied, which would be perpendicular to the Z axis.
Residual Stress:
Additive manufacturing follows the same process as welding only with a smaller fusion zone this results in hight energy density, varying in thickness between two cross-section areas can create high concentration of residual stress this can cause warping/distortion, to counter the residual stresses avoid thicker parts when necessary, use thin and consistent parts as well as chamfered edges and corners to dissipate the stress along the curved edge.
Optimise of design:
The two most used method for design optimization is Parametric optimization and Topology optimization, Parametric optimization is a method of an incremental mathematical process that iteratively changes the design parameters to showcase the best design configuration for the component.
Topology optimization is a mathematical process that is used to identify the best material distribution is given design, this process uses finite analysis to map the distribution of stress through the component while under load while removing the redundant/waste material of the component.

Advantages of topology:
Topology optimization improves the machinal stiffness and rigidity of the component while drastically decreasing the material used in the component, in turn also decreasing the overall weight and cost of the component.
Topology can show design insights and optimizations opportunities that even a design engineer with year of experience would not see or use.
Part Counter Reduction (PCR):
PCR is the process of reducing the number of parts designed for a component using for assembly, this will decrease the cost of production while also improving the overall lead times and time to market, procurement, inventory, material handling, assembly and the maintenance requirements.
Infill:
Infill is used to avoid wasting material within closed shapes/ geometries of a generated component, infill also can be used to strengthen the compost’s structural  integrity and rigidity while decreasing the mass of the overall mass, infill also reduces likelihood of warping when printing a component due to the change of the cross-section area of the component, infill density can be adjusted to change the component’s structural characteristics and mass, infill is not always necessary so should be avoided as using infill when it’s not needed is a form of material waste.
Print volume and capacity:
if the component being designed is for high production numbers, the more components that can be printed on a single printing procedure the more production costs will decrease, Finding the most efficient printing orientation is also Important when trying to fit the maximum number of components on a single print bed with stacking of the components in the Z axis to add more available bedspace, nesting and tessellation of components should also be considered when designing the component.
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[bookmark: _Toc196577936][bookmark: _Toc196578368]Figure 8 sourced from Gebhardt, A. (2012) Understanding additive manufacturing.











[bookmark: _Toc196250329]Designs
[bookmark: _Toc196250330]Materials/ Manufacturing process:
There are many types of materials that can be used for this type of application, here are examples of materials that were considered for this component, stainless steel, aluminium, nylon 12 and PSA materials.
The way the component is manufactured also changes what type of material will be used, as metals are more commonly used in casting, forging, stamping or machining. Nylon 12 or other types of plastics can be manufactured uses additive manufacturing techniques having more potential for complex geometries while also having a more efficient cost to weight ration when compared to the more heavier metal materials. 
Manufacturing process:
The selected manufacturing process for the gripper will be additive manufacturing. This process was select due to the ability to produce complex geometries with minimal material waste.
Why it was chosen:
1. Complex feature: additive manufacturing allows the ability to create intricate and highly detailed structures that other conventional manufacturing procedure would be impossible to create.
2. Low material wate: conventional manufacturing methods like CNC machining generate large amount of waste as the material is cut away, unlike additive that uses only the necessary amount of material need for the component.
3. Optimised designs: additive manufacturing enable the use of topology optimisation, which decreases the weight while maintaining the strength of the component.
4. Quick prototyping: with traditional manufacturing changes in design often require retooling which increase the development time and cost of the project. Additive manufacturing can make rapid prototype designs allowing for quick iterations and testing without the necessity to retool the machine.
Material:
The chosen material that will be used is Nylon 12, this material is a higher performing thermoplastic known for its high molecular weight, low fatigue rate and good processability making it an ideal choice for the application at hand.
Nylon 12 properties:
1. High molecular weight: this molecular weight contributes to the high strength and resistance to deformation of Nylon 12.
2. Low fatigue rate: Nylon 12 unlike some polymers has high fatigue resistance meaning the material can withstand multiple stress and strain cycles.
3. Resistance and flexibility: the material provides an optimal balance between toughness and flexibility allowing for more shock to be applied without the chance of cracking or shattering.
4. Ease of production: Nylon 12 is easily producible using different manufacturing method such as SLS, injection moulding and extrusion, these available methods decrease the overall production cost.
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[bookmark: _Toc196577937][bookmark: _Toc196578369]Figure 9 sourced from Chanda, M. and Roy, S.K. (2006) Plastics: Fundamentals, properties, and testing. Boca Raton, FL.








[bookmark: _Toc196250331]Design 1
The overall design for the robot gripper is a design that based on a bottom- up configuration, where the gripper is positioned beneath the desired object. This mechanism allows the gripper to provide upward support, while and opposing force is applied to the topside of the object. The force that will be applied will be control through a motor-driven hear system which will deliver precise movement and a reliable clamping force. To have good structural integrity and ease of assembly the gear arm and motor are secured using standardised nuts and bolts. The use of standard hardware contributes to the cost effective and accessory to components that can be interchangeable if the need arises.
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[bookmark: _Toc196577938][bookmark: _Toc196578370]Figure 10 showing design 1 of the robot gripper.
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[bookmark: _Toc196577939][bookmark: _Toc196578371]Figure 11 rear side of robot gripper showing fasteners. 












[bookmark: _Toc196250332]Design 2

Design 2 of the robot gripper uses the foundation formed in design 1, but introduces several modifications aimed at improving the assembly, reducing number of parts used and improving operation performance. This revised design although having the same configuration as the previous design focuses on eliminating the number of parts used to secure the motor and the gear arm to the main body of the gripper. This is done with integration of push fit clip connectors; this system replaces the previous design’s conventional fasteners (nuts and bolt) with a more efficient clipping mechanism. These connectors are designed to compress elastically when a force is applied them allowing the motor and the gear arm to pass over them, the clips then return to their original size locking the components in place. This not only deceases the number of components used but also simplifies the assembly and disassembly making maintenance more convenient.
The design also enhances the gripper arm itself, specifically the surface area in contact with the phone. With this increase in the contact surface area both the control and stability of the gripper increases, the larger surface area distributes the gripping force more evenly across the surface of the phone in turn reducing the risk of slippage ensuring the safe and secure handling of the item.
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[bookmark: _Toc196577940][bookmark: _Toc196578372]Figure 12 design 2 of robot gripper.
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[bookmark: _Toc196577941][bookmark: _Toc196578373]Figure 13 push-fit connectors for the motor and arm actuator.
As seen in figure 13 and 14 the yield strength of nylon 12 is 3.450+07  this is well below the amount of stress that the body of the gripper will be subjected to as this only +07. As for the gear arm the most it will be subjected to is + this is less than the amount the body of the gripper will be subjected to. The gripper will provide 30 newtons of force this force will be suffcient to keep the phone in  place while the robot trasition to a different work space.
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[bookmark: _Toc196577942][bookmark: _Toc196578374]Figure 14 maximum amount of force the body will be subjected to.
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[bookmark: _Toc196577943][bookmark: _Toc196578375]Figure 15 maximum amount of force the clamp is subjected to.
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		Name:
	Robot gripper actuator

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	3.45e+07 N/m^2

	Tensile strength:
	3e+07 N/m^2

	Elastic modulus:
	2e+09 N/m^2

	Poisson's ratio:
	0.394  

	Mass density:
	1,020 kg/m^3

	Shear modulus:
	3.189e+08 N/m^2



	SolidBody 1(<spur gear_am>-<Bore>)(robot gripper part 2 design 2)

	Curve Data:N/A







	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	5.873e+02N/m^2
Node: 9934
	5.951e+06N/m^2
Node: 17431
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robot gripper part 2 design 2-Static 1-Stress-Stress1





	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 51
	1.694e+00mm
Node: 169
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robot gripper part 2 design 2-Static 1-Displacement-Displacement1















	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	3.287e-07
Element: 1563
	2.376e-03
Element: 8567
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robot gripper part 2 design 2-Static 1-Strain-Strain1
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		Name:
	Nylon 12

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	3.45e+07 N/m^2

	Tensile strength:
	3e+07 N/m^2

	Elastic modulus:
	2e+09 N/m^2

	Poisson's ratio:
	0.394  

	Mass density:
	1,020 kg/m^3

	Shear modulus:
	3.189e+08 N/m^2



	SolidBody 1(Fillet9)(robot gripper part 1 design 2)

	Curve Data:N/A








	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	4.106e-02N/m^2
Node: 16757
	1.523e+07N/m^2
Node: 28503
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robot gripper part 1 design 2-Static 2-Stress-Stress1
















	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 53
	5.578e+00mm
Node: 23835
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robot gripper part 1 design 2-Static 2-Displacement-Displacement1














	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	1.117e-11
Element: 6542
	3.662e-03
Element: 13278
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robot gripper part 1 design 2-Static 2-Strain-Strain1














[bookmark: _Toc196250333]Design 3 generative design (gripper body)

Design 3 utilises the use of artificial intelligence (AI) to generate models based on defined objectives and constraints. These parameters include load bearing capacity, material usage and machinal performance requirements. Generative design allows the exploration of thousands of configurations, filtering them through interactive analysis to identify the most effective design solutions.
An advantage of using generative design is the elimination of unnecessary material from the component. with the use of simulation and algorithmic learning the system identifies what regions of the component are low stress and removes the material without compromising the integrity of the component. The use of AI allows structure that would be difficult or impossible for human designers to conceptualise. The unique features of this design would be a challenge for traditional manufacturing techniques to fabricate the complex geometries this is where additive manufacturing has the advantage as this process is able to create intricate design easily and efficiently.
Functionally the force applied on the body of the gripper remains consistent with design 2, being set at 30 newtons.
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[bookmark: _Toc196577944][bookmark: _Toc196578376]Figure 16 design 3 (generative design)

	Fusion 360 design software:	
Fusion 360 is a generative design software developed by Autodesk, based on a cloud-based design exploration tool the uses artificial intelligence and machine learning to create geometries based on user-defined goals/constraints. Unlike the tradition design processes where engineers’ manually models the components generative design allows users to define what the component needs to achieve such as the loads, safety factors, material types, manufacturing methos and geometric boundaries, this information is then used to explore thousands of different designs to find the most effective solutions.
Fusion 360’s CAD, CAM and CAE capabilities allow users to move between design, simulation and manufacturing testing. Multiple material and fabrication methods can be selected to filter the results based on those constraints.
Fusion 360’s generative design ability can uncover unconventional but highly efficient geometries the would be difficult to conceptualize for most engineers and designers, these results usually have the outcome of reduced weight and organic looking components that are well suited for additive manufacturing.

[bookmark: _Toc196250334]Conclusion
This report has highlighted the essential roles for engineering design and manufacturing technology in the development of efficient components and parts. By using advanced tools such as computer aided design (CAD), simulations and analytical methods, to create products that are optimised for function as well as efficient manufacturing and assembly procedures. With the use of design for manufacturing (DFM) and design for assembly (DFA) principles ensures that each component is made with the production method, assembly process and end-use in mind in turn decreasing material waste, production time and simplifying the final component.
With the help of computational like finite element analysis (FEA) and topology optimisation, designers can predict the characteristics of the component underload and stress, this can then be used to identify any potential weak points in the design and optimise accordingly. Simulating the real-world conditions also allows for better design decisions for material selection helping decease the potential for failures and recalls.
This report also highlighted the use of additive manufacturing and how it plays a key role in fabrication of modern components especially for complex geometries and prototyping, together with the help of artificial intelligence and use of high performing materials like Nylon 12 provides more opportunities to increase performance while decreasing cost and lead times.
To conclude, with the combined use of modern design tools, computational methods and manufacturing technologies give engineers the necessary tools to innovate with more precision and efficiency. As this industry evolves more rapidly with time the use of digital workflow and manufacturing strategies will be essential to remain competitive in the market. This development approach improves the product performance and reliably while also supporting rapid development cycles and more sustainable engineering practices.
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Model name: robot gripper part 1 design 2
Current Configuration: Default

	Solid Bodies

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

	Fillet9
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	Solid Body
	Mass:0.209036 kg
Volume:0.000204937 m^3
Density:1,020 kg/m^3
Weight:2.04856 N
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	Study name
	Static 2

	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
	On

	Compute free body forces
	On

	Friction
	Off

	Use Adaptive Method: 
	Off

	Result folder
	SOLIDWORKS document (C:\Users\2204900\OneDrive - University of Wales Trinity Saint David\year 3\FT dynamics)
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	SI (MKS)
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	mm

	Temperature
	Kelvin

	Angular velocity
	Rad/sec

	Pressure/Stress
	N/m^2
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		Name:
	Nylon 12

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	3.45e+07 N/m^2

	Tensile strength:
	3e+07 N/m^2

	Elastic modulus:
	2e+09 N/m^2

	Poisson's ratio:
	0.394  

	Mass density:
	1,020 kg/m^3

	Shear modulus:
	3.189e+08 N/m^2



	SolidBody 1(Fillet9)(robot gripper part 1 design 2)

	Curve Data:N/A
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	Fixed-1
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		Entities:
	1 face(s)

	Type:
	Fixed Geometry




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	-0.000826567
	59.999
	0.00062564
	59.999

	Reaction Moment(N.m)
	0
	0
	0
	0


 



	Load name
	Load Image
	Load Details

	Force-1
	[image: A close-up of a machine

Description automatically generated]
		Entities:
	2 face(s)

	Type:
	Apply normal force

	Value:
	30 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
	11.7948 mm

	Minimum element size
	0.622726 mm

	Mesh Quality
	High
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	Total Nodes
	31702

	Total Elements
	19081

	Maximum Aspect Ratio
	44.277

	% of elements with Aspect Ratio < 3
	96.7

	Percentage of elements with Aspect Ratio > 10
	0.273

	Percentage of distorted elements
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:04

	Computer name: 
	UOW3076
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	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	-0.000826567
	59.999
	0.00062564
	59.999
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	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
	0
	0
	0
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	Selection set
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	Sum X
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	Entire Model
	N.m
	0
	0
	0
	0
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	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	4.106e-02N/m^2
Node: 16757
	1.523e+07N/m^2
Node: 28503
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	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 53
	5.578e+00mm
Node: 23835

	[image: ]
robot gripper part 1 design 2-Static 2-Displacement-Displacement1










	















	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	1.117e-11
Element: 6542
	3.662e-03
Element: 13278
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Model name: robot gripper part 2 design 2
Current Configuration: Default

	Solid Bodies

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

	<spur gear_am>-<Bore>

	Solid Body
	Mass:0.0346185 kg
Volume:3.39397e-05 m^3
Density:1,020 kg/m^3
Weight:0.339261 N
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	Study name
	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\2204900\OneDrive - University of Wales Trinity Saint David\year 3\FT dynamics)
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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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		Name:
	Custom Plastic

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	3.45e+07 N/m^2

	Tensile strength:
	3e+07 N/m^2

	Elastic modulus:
	2e+09 N/m^2

	Poisson's ratio:
	0.394  

	Mass density:
	1,020 kg/m^3

	Shear modulus:
	3.189e+08 N/m^2



	SolidBody 1(<spur gear_am>-<Bore>)(robot gripper part 2 design 2)

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

	Fixed-1
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		Entities:
	3 face(s)

	Type:
	Fixed Geometry




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	3.02586
	-71.894
	-73.9132
	103.156

	Reaction Moment(N.m)
	0
	0
	0
	0


 

	Fixed Hinge-1
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		Entities:
	1 face(s)

	Type:
	Fixed Hinge




	Resultant Forces
	Components
	X
	Y
	Z
	Resultant

	Reaction force(N)
	-3.02586
	101.894
	73.9132
	125.915

	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:
	30 N










	[bookmark: _Toc193878587][bookmark: _Toc196250364]Mesh information
	Mesh type
	Solid Mesh

	Mesher Used: 
	Blended curvature-based mesh

	Jacobian points for High quality mesh
	16 Points

	Maximum element size
	3.23881 mm

	Minimum element size
	1.07959 mm

	Mesh Quality
	High
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	Total Nodes
	23261

	Total Elements
	13502

	Maximum Aspect Ratio
	5.7105

	% of elements with Aspect Ratio < 3
	96.7

	Percentage of elements with Aspect Ratio > 10
	0

	Percentage of distorted elements
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:03

	Computer name: 
	UOW3076






	[bookmark: _Toc193878588][bookmark: _Toc196250366]Sensor Details
No Data



	[bookmark: _Toc193878589][bookmark: _Toc196250367]Resultant Forces
[bookmark: _Toc196250368]Reaction forces
	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Model
	N
	-1.38208e-06
	30
	-3.60608e-06
	30
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	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
	1.73226e-06
	-1.02594e-05
	-2.6226e-06
	1.07301e-05
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	Selection set
	Units
	Sum X
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	Resultant

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

	Stress1
	VON: von Mises Stress
	5.873e+02N/m^2
Node: 9934
	5.951e+06N/m^2
Node: 17431
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	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00mm
Node: 51
	1.694e+00mm
Node: 169
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	Name
	Type
	Min
	Max

	Strain1
	ESTRN: Equivalent Strain
	3.287e-07
Element: 1563
	2.376e-03
Element: 8567
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