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[bookmark: _Toc31609754]Introduction
This report demonstrates the use of Solidworks, (Solidworks, 2020) not only as a CAD package but also as an overall CAE package, and an analysis and validation tool. 
The aims of this assignment are to select an assembly to model and then simulate its motion and calculate the loads expected. An FEA study is then to be carried out using the data. In the case of this report we will look at a mountain bike wheel hub from the front wheel of a downhill mountain bike.
The objective of the report is to analyse these simulations / studies carried out to inform and optimises the design. In the case of the hub, we will be optimising for stiffness; as weight is not a massive advantage for the type of mountain biking the hub is designed for it is much more important that the wheel stays together.

[bookmark: _Toc31609755]Research
[bookmark: _Toc31609756]FEA 
Finite Element Analysis (FEA) uses a discrete approach to the numerical method imploded by the CAE (FEA) software. This is carried out by using a mesh (which is a web of elements with nodes placed on the corners and edges of those elements) the nodes take a readings, which are calculated and the ‘results are interpolated for the elements.’ (Altair Univercity, 2019). 3D elements will be used in this report to mesh the surface and the thickness of the part this uses increase computational power and time but is necessary for the intended part analysis.
 
[bookmark: _Ref31588455]Equation 1 Von Mises Principle Stress Equations (Solidworks Help, 2017)
Equation 1 Von Mises Principle Stress Equations (Solidworks Help, 2017) shows Von Mises criteria which uses Hencky’s theory of maximum distortion energy theory, it calculates the yield of 1st through to 3rd order principle stress. (Solidworks Help, 2017) 
[bookmark: _Toc31609757]Wheel set
The model in question for this report is a downhill mountain bike front wheel. Assembled in CAD (Solidworks) from models of a hub, spokes, nipples, rim and tyre. 
[image: ]The 26 inch wheel that was analysed was a bespoke construction using a Hope 20 x 140 E3 straight pull 32 spoke hub, a Mavic EX721 Downhill 26” 2015 32-hole rim (Chain Reaction Cycles, 2015) and a MAXXIS Minion Downhill F 26” x 2.5”.
The rims weigh 590g (Chain Reaction Cycles, 2015) (Mavic, 2015) which is heavy in the cycling world, but light in the downhill stream. As downhill rims need to put up with extreme forces and large amounts of abuse. The use of MAXTAL aluminium alloy in the Mavic rim gives it this strength with-out compromising on weight.

[bookmark: _Toc31609609]Figure 1 Mavic EX721 MTB Rim (Chain Reaction Cycles, 2015)



[bookmark: _Toc31609758]Methodology
[bookmark: _Toc31609759]CAD
[bookmark: _Toc31609760]Hub
The hub was modelled using a complement of CAD modelling techniques, in particular lofts, revolutions and circular patterns. Sketches were drawn on planes across the X axis of the part and where extruded through or lofted across to create the main body, with additional features revolved around and cut out using a combination of extrusions cuts and circular patterns. A series of fillets were added to the edges.
Points (reference geometry) were added to the hole for the spokes to aid in assemble as these points will be mated coincidently to reference point in the head of the spokes.
[bookmark: _Toc31609761]Rim
The rim was modelled by sketching the cross session; realistic measurements were recorder and used in conjunction with marketing images (Chain Reaction Cycles, 2015). The sketched was then revolved around an axis. Holes where cut into the rim for the nipples to sit, these holes where sketched onto a plane extrude cut through the rim wall then rotated around the full 360 using a circular pattern, cutting all 32 holes. 
Refence points were added to the holes in the rim to aid in assemble as these points will be mated coincidently to reference axis in the cylinder of nipple.
[bookmark: _Toc31609762]Spokes
Spokes and nipples where CAD together to reduce computational time. The correct length of spoke was established from the measurements and calculations on the CAD, the use of equations allowed the lengths to be altered to the fit. The lengths where check with the use of the cross-section tool.
Geometry reference features were built in the spokes and nipples to allow for assemble with the rim and hub, an axis in the nipple and a point in the spoke head.
[bookmark: _Toc31609763]Tyre 
The tire was revolved similarly to the rim and the cross-section sketch was created from the sketch of the rim to ensure fit. The tyre in a ridge for the bead to sit securing the tyre to the rim. A rubber material was used to create realistic motion simulation and analysis.
[bookmark: _Toc31609764]Assemble and Motion Simulation
[image: ]All the components were assembled together in an assembly in Solidworks a plethora of mates was used to mate and constrain all parts with in such a way that it works the way it should do.[bookmark: _Toc31609610]Figure 2 Wheel Assemble

[image: ]A surface was added in the assemble for the wheel to track along. The track is 5m of flat surface with a 0.5 m drop off to flat, which is something that is realist to accrue in a mountain bike downhill track. 5m of surface are then given as a landing area. [bookmark: _Toc31609611]Figure 3 Motion Analysis





A mounting fork and axel were also added to the assemble which allowed it to be mated and constrained to the track. With the combination of the motion analysis this allowed the wheel to track straight and true to the surface.
[image: ]In the motion analysis tab of the motion simulation, gravity was added to the fork pushing the wheel in to the surface. To stop the wheel passing through the surface solid body contacts were added to the tire and the surface (with the track material set as steel dry and tire material set as rubber dry).[bookmark: _Toc31609612]Figure 4 Motion Analysis Set-up

A rotary motor added to the rim to rotate the wheel and there for the hub this also propels the wheel down the track. The rotation was set to 100 RPM for the duration of the test. 

[bookmark: _Toc31609765]Finite Element Analysis (FEA)
[image: ]The hub was selected for analysis in FEA, to see if the design could be optimised as hubs give the whole wheel strength a ridged. In this case we looked at optimising for increase stiffness, as weight is not an issue on gravity bicycle such as full suspension downhill mountain bike. 
[bookmark: _Ref31608065][bookmark: _Toc31609613]Figure 5 Imported Motion Loads




[image: ]The analysis showed a torque and deflection of the teeth wear the spoke heads are mated to the hub, these are the load bearing face where the forces from the motion simulation are put though as shown in Figure 5 Imported Motion Loads. The exportation of the motion loads from the motion analysis was taken between 100 and 120 frames, roughly 2 secs to 2.3 secs.

Additional material will be added to weak points with high concentrations of stress. Such as on the back of the teeth which hold the spokes. [bookmark: _Toc31609614]Figure 6 Motion Loads set up

The hub could be increased in diameter to stiffness of the overall hub the internal diameter could then be increase which will allow for larger bearings taking larger forces. 


[bookmark: _Toc31609766]Conclusions
In conclusion the motion analysis worked seamlessly doing exactly as required and giving good data to take into the FEA. The assemble was complex and repetitive in terms of mating spokes to the hub and rim this was lengthen by the adding of the load bearing face on the head mate of all the spokes. This said small amount of redundancies was a positive. It was difficult to improve a component that was already optimised to such an existent. An alternative to manually important mating and adding bearing faces should be investigated.
[bookmark: _GoBack]Alterations to the geometry of the hub could make it stiffer although this was not done, as further investigations and studies need to be done on how this would affect the rest of the wheel and its stiffness.
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