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[bookmark: _Toc30466050]Abstract

[image: ]The main emphasis of this study is to design and develop structural parts found within a motorcycle chassis assembly. This will be achieved by firstly, accurately, reconstructing various parts found within the assembly by means of interpreting technical data and measuring physical parts. From this interpretation, the parts will then be assembled into various subassemblies to then become part of a final assembly. This will then be imported into a motion study. The motion study will be used to emulate a scenario in which the motorcycle encounters a bump at high speed, thus calculating the loads and forces the motorcycle would be subjected to. These will then be uploaded into a design study to highlight how the parts behave under said loads. From this a finite element analysis will be conducted and used to modify parts of the assembly so that they can withstand this eventually in real life.
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[bookmark: _Toc30466051]Computer Aided Engineering

 In times gone by the whole process of designing and manufacturing a product was a long and expensive task. This was due to many factors such as the large about of work staff involved in a project from drafters to protype testing. CAE (computer aided engineering) take the highly refined process of development from the factory floor and incorporates it into one highly intuitive software package. This allows one person to the jobs of many departments in the past, while also not needing to do any physical tests on the product due to FEA (finite element analysis). The whole design process can be seen visualized in the figure below (Lake, 2020). 
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[bookmark: _Toc30464168][bookmark: _Toc30465238]Figure 1- CAE Design Process


FEA takes an intricate problem and splits it into smaller pieces that can be approximated and solved to get a solution that reflects how the part would behave depending on set boundary conditions. FEA can be said to follow the methodology of S.I.M.P.L.E;
Splitting a complex problem into smaller elements.
Interpret the geometry.
Material information.
Physical properties.
Loading.
Evaluation of the results.



[bookmark: _Toc30466052]Assembly
[image: ]For the purposes of this investigation the design had to modelled as accurately as possible, so that further analysis would reflect true behaviour of a motorcycle. For this to be achieved technical drawings of Ohlins FG 070 fork range where used while other parts where measured from real word components. In areas where no information could be found for instance fork internals assumption on the authors behalf were made, backed up by years of experience in suspension maintenance and set up. Some components such as springs and dampers were neglected due to them been in the Solidworks Motion software itself and accurately simulated using equational calculation.
[bookmark: _Toc30466053][image: ]Parts Modelled
· Front Forks including Bushes, Seals, Clips and Caps.
· Yokes and basic Head Stock.
· Brake Discs 
· Spindle, Dust Seals and Nut
· Tyre
[bookmark: _Toc30466054]Methodology
[bookmark: _Toc30464169][bookmark: _Toc30465239]Figure 2- Technical Drawings of Ohlins and Modelled Fork

[bookmark: _Toc30466055]Creating a Sketch

A component needs to visualized by the engineer in its constituent parts and geometry. The more information or detail that can be deployed into a 2D sketch the better such as fillets or holes. This means for a design less stages must be undertaken in creating it.  This said, a sketch may be created in preparation for one of many features to be used next, for example a Revolve or a Loft.
Defining a Sketch
To accurately model a part the sketch and features must be defined. There are many methods in which this can be achieved;
Dimensions
Gives a sketch accurate measurement to lengths, radiuses etc. Using the smart dimension tool or as an input value as the shape is been created.   
Adding Relations
Allows the sketch to be automatized by multiple parts of the sketch to change by only changing one of the dimensions for example serval circle within a circular pattern. 
Equations
Permits a dimension to be driven by a function of another dimension. But they can also incorporate other mathematical operators. By assigning a global variable to a specific dimension of a part such as the inner fork tube. An equation can be used so that the fork seal diameter changes in proportion to the outer tube.
Linked Values
By linking two or more dimensions enables the user update all the dimensions that are linked by changing any dimensions that are constrained in the same way.
[image: ][image: ]
[bookmark: _Toc30464170][bookmark: _Toc30465240]Figure 3- Modelling by The Use of Equations


Once all parts had been created and revaluated so that they were using minimal number of features as possible, they were placed in sub-assemblies by use of various mates and load bearing faces. Via the design tree materials could also be added to the components, the materials chosen were assumed to be as close to original manufacturer specification. Then finally all the subassemblies were combined in one main assembly.
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[bookmark: _Toc30465241]Figure 4- Modelling Via Sketch Relations

Motion Simulation
[image: ][image: ][image: ]








[bookmark: _Toc30465242]Figure 5- Motion Simulation of a Motorcycle Chassis Components


When constructing the motion simulation, prior calculations need to made so that the end results reflect the true dynamic behaviour of the motorcycle as closely as possible.
[bookmark: _Toc30466056]Motorcycle Specification

Mass (m) = 241.2 Kg
Wheel Base (p) = 1.35 m
Swing-arm Length (b) = 0.62 m
Cog Height (h) = 0.58 m
Acceleration (a) = 3.73 m/ 
Spring Rate (K) =17.15 N/mm
Driving Force (S)= ma
Rake Angle ( = 23
[bookmark: _Toc30466057]Force Acting on The Front
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[bookmark: _Toc30466059]Damping 
Due to the nature of this simulation and the maximum forces seen were acting as the fork was been compressed damping was negligible. This said to better improve the model compression and rebound damping could be incorporated along with accounting for the compression of the air gap with the fork tube. To allow the wheel to return in a controlled fashion a damping value of 5 N/MM/S was used.
[bookmark: _Toc30466060]Solid Body Contact
To try an emulate further a realistic model a solid body contact was added between the tyre and the road. This in turn gives a frictional coefficient between the two surfaces of around 0.275. This was enough to allow the wheel to turn, though in reality much high values can be seen depending on, tyre compound, surface roughness and pressure within the tyre itself. To model the tyre further a spring/damper system could have been introduced, but not much research has been conducted in the true values for a motorcycle and it wasn’t necessary for this model.
[bookmark: _Toc30466061]Linear Motor
A linear motor of 1 m/s was applied to one end of the road to allow the assembly to imitate driving down the road. The true speed simulated was closer to 34 m/s due to the previous calculated force acting on the front. 
Once all above parameter had been implemented the simulation could be run. This then calculates the forces and loads the assembly undergoes as it travels over the bump. These can then be imported for further analysis on a specific component, in the case of this study the spindle was the area of interest.
 As seen below the software has solved the stress analysis iterations for the scenarios. The graph below can be created from the results and graphs tree, found in the design study screen. This allows the user to specify the scenario to further investigate (area of highest loads), in this case scenario 32 was analysed.
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[bookmark: _Toc30465243]Figure 6- Showing Various Load Scenarios

[bookmark: _Toc30466062]FEA
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[bookmark: _Toc30465244]Figure 7- Mesh Preparation for FEA Analysis
For the software to be able to produce a result from the loads it has first got to break the part into infinite amount of tiny tetrahedral shapes.  Calculations take place within each shape. The collective for applying these shapes is known as meshing and the accuracy of the result is highly influenced by how many ‘’shapes’’ or to put it a better way how fine the applied mesh is. The points in which the corners of these shapes connect are know as nodes. One point to be aware of is if one of these nodes happens upon a point of high stress concentration, it will in fact amplify the stress making it appear larger than it is. Knowing this means that some areas of high stress in which fatigue may occur can be disregarded.
[bookmark: _Hlk30275583]In the image showing stock spindle (316L Stainless Steel) displacement. The areas of high deflection be the extremities. As can be expected due to the force of impact, acting in the centre of the part. This creates a moment acting about the axis of the fork bottoms. There is a greater displacement on the thread side due to the smaller diameter. 
Von mises can be thought as a theoretical measure of stress used to estimate yield failure. The image showing stock spindle (316L Stainless Steel) vonmises stress. This is a collection of all the different styles of stress analysis. 
A material yield strength is the point in which permanent deformation occurs, where the materials under goes a transition from behaving elastic to plastic. The material does exceed its yield strength of . This said, a small area of stress concentrations of around  can be seen in the area shown in red at the stress raiser around the sharp transition between the spindle shaft and the fork mounting.
Static safety factor gives a relationship between a material yield point and the Von mises of the material in said load, by dividing the yield by the calculated stress. For road application a safety factor of two or above would be necessary for longevity of the part where as in racing application a factor of one would be adequate, unless the intention was a road racing application. 
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[bookmark: _Toc30465245]Figure 8- Yield Strength Chart
[bookmark: _Toc30466063]Design Evolution 
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[bookmark: _Toc30465246]Figure 9- Spindle Sketch
[bookmark: _Toc30466064]Geometry

Stock Spindle – 20mm Bore
Spindle MK1 - Extra material around high stress concentration – 20 mm Bore
Spindle MK2 – Tapered Bore
[bookmark: _Hlk30456757]Spindle MK3 – Tapered Bore – 4mm External chamfer around high stress concentration
Spindle MK4 – Solid-No Bore
Spindle MK5 – 18mm Bore - 4mm External chamfer around high stress concentration

[bookmark: _Toc30466065]Material

AISI 316 Stainless Steel – Spindle Mass = 575.21 grams - Yield 1.724 
Plain Carbon Steel – Spindle Mass = 560.83 grams - Yield 2.206 
Titanium Treated Bar - Spindle Mass = 334.34 grams - Yield 8.274 

[bookmark: _Toc30466066]Static Safety Factor

Spindle MK5 AISI 316 Stainless Steel – 0.44
Spindle MK5 Plain Carbon Steel – 0.56 (Lake, 2020)
Spindle MK5 Titanium Treated Bar - 2.1
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[bookmark: _Toc30465247]Figure 10-FEA of Stock Spindle
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[bookmark: _Toc30465248]Figure 11- FEA of Spindle MK1
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[bookmark: _Toc30465249]Figure 12-FEA of Spindle MK2
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[bookmark: _Toc30465250]Figure 13-FEA of Spindle MK3
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[bookmark: _Toc30465251]Figure 14-FEA of Spindle MK4
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[bookmark: _Toc30465252]Figure 15-FEA of Spindle MK5
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[image: ]
[bookmark: _Toc30465253]Figure 16-FEA Comparison of Stainless Steal
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[bookmark: _Toc30465254]Figure 17-FEA Comparison of Carbon Steel
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[bookmark: _Toc30465255]Figure 18-FEA Comparison of Titanium


[bookmark: _Toc30466069]Analysis
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[bookmark: _Toc30465256]Figure 19- Solidworks Rendered Photo of Assembly

As it can be seen from the documented results from the FEA many different modifications were made to try and over come the high stress concentrations around head of the spindle that supports the wheel spacer. Firstly, by adding more material to the inside of the bore to increase the surface area, allowing greater stress distribution, this method can be found in other cylindrical shapes such as gudgeon pins. Though improvement could be seen to be made, the degree in which the material was yielding and deforming further modification was needed. The author then speculated that this was due to a node in the mesh extrapolating the high stress due to a stress razor. To overcome this a chamfered edge was introduced to the outside of the spindle. This had the desired effect, though there was still a stress concentration it was over a lot larger area. The bore was the altered to a smaller diameter to give a thicker wall to try an over come the material going into yield. Unfortunately, this didn’t have the desired effect but the mass was reduced. The author then deduced the material would have to be changed to one with a higher yield point. Treated Titanium bar was found to have all the right characteristic, giving the part a safety factor of 2.1. Though higher deformation could be seen, the fact that the material was still inside its elastic zone it would return. Further tests would need to be conducted to see if this would cause a fatiguing issue, if the spindle was subjected to many high-speed collisions with a bump of the simulated size. If this part was to be used in a racing application further material could be taken away from the bore to lighten the part to appoint of where the safety factor was around one, due the bike would not be subject to a bump of this kind but would be more than strong enough to deal with curbs found on corners.
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