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1.0: Introduction 
The purpose of this assessment is to develop and understanding of the different stresses and forces that each component undertakes through a motion.

2.0: Methodology
In order to develop an understanding of the stresses and forces in a component, there are many steps to be taken in order to simulate this data. Due to the lack of time available for personally measuring the forces in a component, a much quicker method of retrieving this data was required. Therefore, the use of a simulation software is beneficial to save time, with a degree of accuracy that wouldn’t be far away from the realistic values. But before the simulation software can be used, the components firstly need to be measured on a vehicle and then designed in 3D via the software. Then with the finished product, a motion simulation and FEA can be carried out on the part to show the movements and forces that the part will experience.

2.1: Measurements
To measure the component for designing, a series of measuring devices are required for calculating the different lengths and angles of the component. These devices can include: engineers’ rule, measuring tape, or any device to measure an angle. A lot of time and precision is required when measuring these components due to the amount of errors being introduced by an incorrectly measured part, therefore if these components aren’t measured accurately then the overall assembly will not produce accurate data or some parts may not fit onto the assembly.
 [image: ][image: ]Figure 2 – vehicle Suspension (Watkins, D. 2019)
Figure 1 – Vehicle Suspension (Watkins, D. 2019)

2.2: SolidWorks DesignPage │1

[image: ][image: ][image: ]With the parts measured and ready to design, there are many useful tools provided by the software to ensure the parts are accurate to the real component. The user can draw lines, boxes, circles, curves, basically any shape. Then from there the software can extrude the shape to produce a 3D version, cut through an object in a chosen way, duplicate a shape around an axis, many useful features that will be used in this development of the wishbone.
Figure 4 – SolidWorks Sketch (Watkins, D. 2019)
Figure 3 – SolidWorks Menu (Watkins, D. 2019)



Figure 5 – SolidWorks Features (Watkins, D. 2019)

2.3: Motion Simulation
With the parts completely built and combined into a working assembly, the next step can be the use of motion simulation. This section of the software allows the user to generate a set of behaviours for each component in the assembly, such as moving the floor in a certain direction as shown above, or generating a force in a certain direction, or simulating the movement of a spring between two components. So as used in the example above, it can be used to simulate the vehicle suspension travelling over a speedbump. 

[image: ]Figure 6 – SolidWorks Motion (Watkins, D. 2019)

Page │2

2.4: FEA Analysis
Once the motion simulation is complete and the values have been retrieved from the data, there are further tests that can be carried out on each component to find the stresses and deformation of the component when a load is applied. As shown in this image below, there are areas of the designed wishbone that can be modified, the blue areas indicating the stronger areas that can have reduced materials, and the shades from green to red indicate the weaker areas that may need improving, the red areas possibly being damaged under the same load in real world testing. This is especially beneficial to a company to reduce manufacturing costs.Figure 7 – SolidWorks FEA (Watkins, D. 2019)

[image: ]
3.0: Research
With the rapidly growing world of technology, it is becoming increasingly difficult to test many different components, therefore taking up a lot of time in order to complete these tests. However, there is now software available that is actually capable of doing all of these tests and calculations within a fraction of the time otherwise taken. The SolidWorks software allows the creator to develop a part and simulate different data based on the designed part, for example this can include the deformation of the part or the maximum movement of a component when mated with another. Using this software and testing method, companies are able to save money on manufacturing costs and they can get an understanding of the strength of the designed part before manufacturing the part for testing.
“Today, because of the growing complexity of mechanical products and increasingly fierce competition to bring new designs to market faster, engineers feel
mounting pressure to extend the scope of simulation beyond FEA. Along with
simulating structural performance with FEA, engineers also need to determine
the kinematics and dynamics of new products before the building of physical
prototypes.
Motion simulation—also known as rigid body dynamics—offers a simulation
approach to solving those issues. Its use is growing fast, and as it does, design
engineers want to know more about it, asking: What it is? What problems can
it solve? How can it benefit the product design process?” (Solidworks, 2008)

3.1: Motion Simulation
Motion simulation is an easy way for someone to create a part through the SolidWorks software, and then generate a simulation to show the movement of this part when fitted into an assembly. This is ideal for finding the maximum movement of the part, such as the rotation of an arm fitted to a body through a joint, similar to a vehicle wishbone for example. This means that a new wishbone can be developed and fitted to a virtual chassis of certain dimensions representing the fitments on a vehicle, then using motion simulation the maximum movement of the wishbone can be found when fitted to the chassis joints, this therefore allowing the developer to modify the part in any way necessary if there are any interferences.Page │3

“Motion simulation conducts interference checks in real time, and provides the exact spatial and time positions of all mechanism components as well as the exact interfering volumes” (Solidworks, 2008) 

After simulating the movements of the part, the software will generate values to represent any forces the part will experience during this virtual movement. This gives the developer a brief understanding of the strength and flexibility of the component being developed, therefore making it easier to select an optimal design and material. 
“Motion simulation provides complete, quantitative information about the kinematics—including position, velocity, and acceleration, and the dynamics— including joint reactions, inertial forces, and power requirements, of all the components of a moving mechanism. Often of great additional importance, the results of motion simulation can be obtained virtually at no additional time expense, because everything needed to perform motion simulation has been defined in the CAD assembly model already, and just needs to be transferred to the motion simulation program.” (Solidworks, 2008)
A motion of an existing mechanism can be analysed including joint reactions, power consumption, inertial effects, and more using computer models instead of expensive tests or really time-consuming tests. 

3.2: FEA Techniques 
Finite Element Analysis, also known as FEA, is incredibly useful in the manufacturing industry due to its ability to produce fairly realistic data compared to real world testing. It shows the user what will happen to a part under a load, including the deformation and over engineered parts of a component, changing in colour throughout the component depending on this. The blue areas would show where the part could lose some material to save weight, meanwhile the orange and red areas would indicate that it may need more strength in those areas, red especially showing a possible break if the part was to undertake that load.
“FEA is the method of using virtual simulation technology to test how a product design reacts to physical effects including bending, heat, vibration, fluid flow, and other impacts. With FEA simulation tools, you can evaluate designs early in the design cycle, determine what will cause premature failures, quickly explore design changes to reduce cost and weight, and determine the product’s factor of safety.” (Prokos, C. 2019)
This testing method would be used in any company who produce parts, such as vehicle manufacturers. But it would also be used by mod companies who specialise in modifying a part already fitted to something. All the company would need are the mounting points, part dimensions, motion test and then an FEA test to determine if the part will be strong enough to replace the original. An example could include vehicle suspension mod companies who specialise in low suspension, therefore they would produce new suspension to fit the car whilst satisfying the customers needs, the FEA would simulate it over a bump to make sure the modified suspension is strong enough to manufacture. Page │4

[image: https://blogs.solidworks.com/teacher/wp-content/uploads/sites/3/6a00d83451706569e2014e8a4aefac970d.jpg]




Figure 8 – Soliworks FEA Bending (Planchard, M. 2011)
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[image: ]4.0: CAD Assembly
Shown in figure 9 (Watkins, D. 2019), this is the first modelled lower wishbone measured from a real car in the workshop, then designed on solidworks to be stress tested with FEA.Figure 9 – Standard Wishbone B (Watkins, D. 2019)


Shown in figure 10 (Watkins, D. 2019), this is the upgraded lower wishbone, modified to remove some excess material and changed the material to aluminium for weight reduction on the part.
[image: ]
Figure 10 – Modified Wishbone B (Watkins, D. 2019)

Shown in figure 11 (Watkins, D. 2019), this is the wheel hub measured from the vehicle, connecting to the top and bottom wishbones. In the assembly this is responsible for not allowing the wheel to rotate from side to side.

[image: ]Figure 11 – Wheel Hub (Watkins, D. 2019)


Shown in figure 12 (Watkins, D. 2019), this is the suspension spring that was measured from the vehicle, however it wasn’t used in the final assembly as it was instead replaced with a virtual spring to simulate the movement.


Figure 12 – Suspension Assembly (Watkins, D. 2019)

[bookmark: _Hlk30399600][image: ][image: ]shown in figure 13 (Watkins, D. 2019), this is the mounting brackets that was made to act as a solid chassis member, this is then fixed into place so the components would hinge mate from it.Page │6
Figure 13 – Chassis Member (Watkins, D. 2019)

Shown in figure 14 (Watkins, D. 2019), this is the wheel that was measured from the vehicle. This is used to make a contact mate against the ground, causing the movement of the suspension system for the motion simulation and FEA analysis.



[image: ]Shown in figure 15 (Watkins, D. 2019), this is the road surface designed with a built-in speed bump. This is used with a contact mate against the wheel to simulate the vehicle driving over a speed bump.
Figure 14 – Vehicle Wheel (Watkins, D. 2019)


Figure 15 – Road Surface (Watkins, D. 2019)


[image: ]
Shown in figure 16 (Watkins, D. 2019), this is the top wishbone connecting to a solid chassis member, creating the hinge mates for the other suspension components to move freely on the motion simulation.
Figure 16 – Top Wishbone (Watkins, D. 2019)

[image: ][image: ]
Shown in figure 17 (Watkins, D. 2019), this is an image of the full assembly ready to be used for a motion simulation test, with all the mates fitted it will provide the data of the wheel going over a bump
Page │7
Figure 17 – System Assembled (Watkins, D. 2019)

5.0: Motion Study
[image: ]The graph shown in figure 2 represents the maximum stress that my designed wishbone would experience in many different simulated scenarios, the point peaks at its’ highest in scenario 15 so this one will be chosen to test the deflection and weak points in the wishbone. This indicates whether the part would be strong enough to withstand the forces being applied to it and where the part would deflect, showing where improvements can be made to avoid the part breaking or where material can be removed to reduce weight.Figure 18 – Max Stress Graph (Watkins, D. 2019)


[image: ]
Scenario 15 at maximum stressFigure 19 – Max Stress Point (Watkins, D. 2019)
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[image: ]6.0: FEA Analysis 

6.1: Measure Wishbone
Used Steel Alloy. As shown in figure 20 (Watkins, D. 2019), there was a lot of excess material than could be removed for weight reduction and reduced manufacturing cost. 
[image: ]Figure 20 – FEA Down View (Watkins, D. 2019)


As shown in figure 21 (Watkins, D. 2019), the side view indicates a few weak points as shown by the green and yellow points on the part.


Figure 21 – FEA Side View (Watkins, D. 2019)

[image: ]As shown in figure 22 (Watkins, D. 2019), the front view provides a better look at the weaker sections of the part which are placed on the inner edges of the bars indicated by the green and yellow.



[image: ]As shown in figure 23 (Watkins, D. 2019), the bottom view indicates that the weaker points are definitely on the inside of those bars, but they’re less visible underneath so they must be coming mainly from the upper half of the bars.Figure 22 – FEA Front View (Watkins, D. 2019)

Page │9
Figure 23 – FEA Bottom View (Watkins, D. 2019)

6.2: Upgraded Wishbone
Used Aluminium 2018 Alloy instead of steel alloy, this will save on a lot of weight but it may risk the tensile strength of the wishbone. After spending a while trying to introduce the modified wishbone to the assembly and failing every time, it was decided that I couldn’t test the FEA on the modified wishbone due to a limitation in the software, but the part will be tested in the near future. 

7.0: Conclusion
When developing a new part, or even modifying/upgrading a currently fitted part, it is very useful and surprisingly accurate to use a simulation software to predict the outcome and the values for the part before the manufacturing process begins. This can benefit the company with saving on manufacturing costs, and save them the time of producing many testing versions whereas the software can easily adjust the part in a fraction of the time. 
The motion simulation provided by the SolidWorks software makes it very easy to create an understanding of how a certain component would behave under different movements. It allowed me to actually see how the suspension would react when driving over a bump, this would assist in a decision as to whether or not the parts all function correctly, within guidelines, and with no intersections.
The FEA feature proved to be incredibly helpful when showing how exactly the component deforms and stresses when under a load, using colour makes the whole reaction incredibly visible and much easier to visualise the whole process as it happens. The colours make it obvious how extreme the forces are applying to certain areas of a component, therefore showing the most vulnerable sections to be rectified in a future version.
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2.2: SolidWorks Design

With the parts measured and ready to design, there are many useful tools provided by the
software to ensure the parts are accurate to the real component. The user can draw lines,
boxes, crcles, curves, basically any shape. Then from there the software can extrude the
shape to produce a 3D version, cut through an object in a chosen way, duplicate a shape
around an axis, many useful features that will be used in this development of the wishbone.

2.3: Motion Simulation

2.4: FEA Analysis

3.0: Research

With the rapidly growing world of technology, it is becoming increasingly difficult to test

many different components, therefore taking up a lot of time in order to complete these

tests. However, there is now software available that is actually capable of doing all of these

tests and calculations within a fraction of the time otherwise taken. The SolidWorks

software allows the creator to develop a part and simulate different data based on the

designed part, for example this can include the deformation of the part or the maximum

movement of a component when mated with another. -
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