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The original Locost features space frame chassis and aluminium and fibreglass body. It became popular by road user and racer because of its lightness and it being a budget fix. In recent years with smaller race event coming into the market, like track day event for new racer to help promote racing, and at the same time to keep the racing business running healthily. People who take part in track day events often use the same self-own track day car (or motorcycle) to drive home. There is a market for product that are suitable for both the racing and the commute markets. 
This report is to turn the lightweight track racing use of spindles to be suitable for road use as well. The aim is to investigate and refine the design of the spindles to achieve a stiffer spindle when not gaining much more weight or at the same weight when compare to the track racing use spindles. 
[bookmark: _Toc30991764]Research
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Stress is the ratio of applied force to a cross section area - defined as "force per unit area". there are three type of stress, tensile stress, compressive stress and shearing stress.
Strain is defined as "deformation of a solid due to stress". There are Normal strain and Shear strain.
(engineeringtoolbox, 2019)
[bookmark: _Toc30991766]FEA
Finite element analysis (FEA) is a computerised method for predicting how a product reacts to the real-world forces, vibration, heat, fluid flow and other physical effects. Finite element analysis shows whether a product will break, wear out or function the way it was designed. It is called analysis, but in the product development process, it is used to predict what's going to happen when the product is used, just like simulation it works by breaking down a real object into a large number of finite elements. Mathematical equations help predict the behaviour of each element, a computer then adds up all the individual behaviours to predict the behaviour of the actual object. (autodesk, 2019)
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Von misses stress will primarily be use within this report. Von misses stress is defined as "The von Misses stress is often used in determining whether an isotropic and ductile metal will yield when subjected to a complex loading condition". (Anon., 2016)
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[bookmark: _Toc30944655][bookmark: _Toc30991779]Figure 1 Suspension system of Locost
The Locost component has double wishbones with coil spring struts in the front.

[bookmark: _Toc30991780]Figure 2 Spindle and suspension parts
As you can see the Spindle does not have much support because all the system is exposed outside of the body, they bear extra risk of being damaged. Other suspension system could also be reinforced.


[bookmark: _Toc30991781]Figure 3 Locost FR suspension CAD assemble 
To prevent fail analysis, the geometry of the system had been simplified or had been removed in the process modelling from the Original design. Brake calliper has been removed and the rod and wishbone are nonadjustable, also the steering rod can’t steer the wheel. Beside some minor changes, the CAD drawings had been kept to the original shape. Some of the joint has been change to ball joint in the CAD model, since the real join on the Locust design is more complicated but work similarly to a ball joint.
The damper was also not in the CAD assembly. This is because damping force can be added between parts during the motion simulation step.
The part chassis is in an angle to match the wage shape chassis of the Locost.
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When assembling the parts together, must take note on whether the mate between parts cause redundancies. It is best to keep the redundancies low, too many redundancies may cause inaccurate results or error which can lead to unsuccessful analysis. 
To prevent error, the motion simulation has only the front right corner of the car. Most mate needed in this project are hinges mate and centric mate. Lock mate on the wheel have been added between tyre, wheel and brake disk, since they can move together as if they are a single big assembly, this can reduce redundancies.
To keep the chassis not falling off, a distance mate between the chassis and the road have been added, but this can also cause redundancies. 
[bookmark: _GoBack]
[bookmark: _Toc30991782]Figure 4 assembly parts with 5 redundancies
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Motion simulation 
Before starting the simulation, pick the mates which apply forces to the part, and need to be analyse and select load bearing faces. If not, there won’t be any force apply on the part under analysis. 
figure 5 below has shown the force had apply correctly on to the part.
 
[bookmark: _Toc30991783]Figure 5 Forces apply on spindle


[bookmark: _Toc30991784]Figure 6 Motion simulation
To simulate the load of the spindle and how it would take to the road condition, a speed bump has been added to the road. The road is the only part being fixed like a wheel, a mate of the edge of the road has lined up to a stitch edge of the chassis, a liner motor has been added to the chassis to push the car forward in 5000mm/s which is equivalent to 18Km/h.
Damping of 2N/mm and 3N/mm of spring force have been added to the chassis and the bottom wishbone.
Solid-body contact are needed to be applied between the tires and the road, and a G-force has also been added to achieve a correct simulation. Solid-body contact can make sure the surface from different parts can contact each other during the simulation. G-force can keep the wheel fall to the ground just like the real-world situation.
After the motion similation had finished, select the import motion load and select the part and the time frame when the load had actually happened. Then it will takes less time if the correct import is selected, rather than to have the whole simulation analysis.
The website in the Appendix have all the parts and motion simulation.

[bookmark: _Toc30991785]Figure 7 import motion load
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[bookmark: _Hlk30962715]After the motion load had been imported to the spindle. Turn off motion SIM and turn on the part itself. Before doing anything, first check on the loading on the part is correct. If not, it may need to be restarted. Then check on the mesh apply on the spindle surface. If they are both accurate, it is good to carry on with finite element analysis.

[bookmark: _Toc30991786]Figure 8 FEA use
After running the analysis, to find out when is the strongest moment that the spindle is under most load, look at the von misses stress graph.
In figure 8 scenario 4 the spindle is under most load. To have a clear comparison of different design, compare them when they are under most load from the same motion study with only different spindle design.


[bookmark: _Toc30991773]Origin design
the origin design Weigh 7351.62 if it makes from the allows steel.

[bookmark: _Toc30991787]Figure 9 Original displacement
figure 9 has shown what happens to the displacement when the forces are applied. From the results in the steering column deflected by a maximum of 900mm, this means in a real-world situation the steering column would be band heavily or be broken. The thin steering column can be thickened by adding material or using harder material since the material has been picked to be allow steal, to thicken it would be a better option.

[bookmark: _Toc30991788]Figure 10 Original stress
figure 10 shows the stress that the concentric in the bottom corner of the steering column, this is because the steering rod links to the steering column is pushing the whole spindle down. The stress also spread to the plate link to the steering column, the plate can be extending out to give more support to the steering column.
From the design, except of the small concentric point, the forces produced with this material are slightly above the yield strength of the material. This means with the number of forces, the design had just gone past its elastic limit, it would also permanently deform. This means the design is not suitable under these conditions.
[bookmark: _Toc30991774]
MK2
Mk2 design weigh 8002.07 if it makes from allow steel. Since the steering column has been thicken, the weight of the whole spindle has been increased. 
The mark 2 used the same material but the design has been refined. It has a thicken steering column and an extended plat that link to the steering column. To spread out the stress.

[bookmark: _Toc30991789]Figure 11 MK2 displacement

[bookmark: _Toc30991790]Figure 12 MK2 stress
Mark 2 design have fixed the problem from the origin design, but the stress had been shifted to other places. The thinner part of the steering column has taken the forces.
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Mk3 design weigh 8401.03g if it makes from allow steel. Although there is metal remove from the edge of the steering column, there is more material being added to thicken the steering column to the middle of the hub, there is also more material being added to filet between the hub and the supporting plate.
mark 3 design still do not past bellow yield point but the stress is more spread out in to the whole spindle.

To have stress spread  

[bookmark: _Toc30991791]Figure 13 MK3 dissepiment

[bookmark: _Toc30991792]Figure 14 MK3 stress

Equivalent Strain
Figure15 and 16 has shown the strain of the origin design has a band steering column. With the mark 3 design, it has a much more even spread throughout the whole spindle.



[bookmark: _Toc30991793]Figure 15 Origin design estn

[bookmark: _Toc30991794]Figure 16 mk3 estn
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[bookmark: _Toc30991776]Conclusion
The designs are not able to match below yield point. However, it has shown case the method of working the preboom. The reason of the design doesn’t work could be cost by a to emissive road bump to cost a big spike point in the force acting on the spindle. 
Further study could be a complete redesigning of the whole spindle. from the whole shape of the model to material used. There is a growing interest across many fields of engineering in the use of new materials, such as composites as replacement for traditional steels.  (mottram & saw, n.d.)
this project was only tested in a constant speed of 5000mm/s this speed is very slow. This means the component could fail in a higher force acting on to the component. More testing could be done to make sure that the design does not fail under the higher loads.
To get a more acute result, a motion simulation of the whole car could be done, research of real damping force of the Locost can also be done. The CAD model could be more actuate to the real car.
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