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2. [bookmark: _Toc31006483][bookmark: _GoBack]Introduction 
Cad is used to design, develop and test ideas and designed to gain an understand what the product will look like, how it interacts and the forces applied to it. Cad is vital to the development process to reduce the research and development cost of products and designs.  Before designs were made through trial and error. A hand made drawing was created initially and then test parts were made to create a physical assembly. These parts can be modified, tested of changed entirely to gain an understanding of what the idea will look like and how it reacts between each part.   If a part is unsuitable then that part is modified and replaced.  Problem is with physical testing is that it can get expensive making the parts combined with the trial and errors created.  With cad, these models can be created virtually and modified according within the software.  Those components can be tested within the software to gain a further understanding on how the part will react with different loads acting upon it.  
With this software, a suspension system will be modelled and analysed to firstly gain an understanding of the forces is it being subjected and to develop a design to increase its strength.  This component that will be developed is a ford fiesta mk6 front driver side wheel hub. This is due to the fact that the fiesta is the most common vehicle on the road.  This means that many of these cars are subjected to many different forces that can cause parts to fail.  This can lead to injury or and damage to the vehicle. By ensure that a part can Withstand the normal forces being applied to it but can withstand the extreme forces.  BY the means of finite element analysis (FEA) to analyse the forces that being applied to the hub to gain an understanding of the forces that’s being applied to it.

3. [bookmark: _Toc31006484]Research 
Von Mises Stress
Von Mises Stress is a unit of measurement that determines if a material will fail.  If a material is underload, and the load that acting upon that material is more or equal to the yield limit, then that material will fail/fracture this is proven by (Ugural & Fenster, 2011) when a body is subjected to a force, it deforms until it reaches a mechanical equilibrium or deformed state. This deformation of the body is called stress-strain relations. These relations represent properties of the material which is known as constitutive equations. (Simscale , 2019)








4. [bookmark: _Toc31006485]Methodology 
The suspension components are measured and translated on the CAD models.  These parts are accurate to the “mm” to ensure that the completed model is as accurate as possible. This is to ensure accurate simulation model testing.  Without the accuracies in the model, the design may become inaccurate when the simulation is conducted.  The simulation and FEA testing were done to give an accurate understanding of the forces acting upon a specific component.  This it’s the first line in product design testing and manufacturing.  This allows the designer to create components that can withstand the forces acting upon it as well as improving the design to its maximum potential. Once all of the components are designed, it’s all assembled in the model to allow the component to be subjected to real world forces to ensure accurate simulations.  The model is applying to motion analysis to ensure real world forces is applies to the model. This includes gravity, road contact, spring loads and motion of the road. Once this is applied to the model, the analysis can begin. This is to test the model to gather data.  Once the test concludes, the motion loads is imported for simulation and a time frame is selected.  Once this is imported, the data is then run though different simulation scenarios through each frame. This is to get the Von Mises Stress data and many other data out of the model at the selected timeframe.  Once the simulation is concluded, maximum stress is identified through the exportation of excel and a specific sector is chosen.  This can then be opened to display the hub with the different stresses acting upon it illustrated by colour which represents the Von Mises Stress applied to it.  This can then be analysed to identify the problem areas of then design which is modified to amend these issues to allow the development of a project. This is then repeated multiple times to develop the hub further.  
In the simulation conducted, the hub was chosen to analyse and test. This is due to the fact that the hub withstands many different forces so it needs to be tough so that the component dose not fail.  As stated, that was modelled accurately from the genuine part from a ford fiesta so that an understanding of the part’s flaws.  This is done by analysing the model of the suspension setup travelling over a speedbump.  Data is then outputted by the means of visual aids of the “Von Mises Stress” which shows at what section of the part that experiences the most load.  This is useful to develop the part to strengthen certain sections.  The Vol Mises Stress can be plotted graphically to give an understand of the maximum stress of the components at certain timeframes.  This can be over layer with the simulation to give an understanding where the stress is being exerted on the model.   
Once the hub is analysed for the stress, and the stress points is identified, then the model can be modified to ensure that the pare doesn’t brake.  These modifications can then be tested again to ensure that the part perform correctly and as expected.  Once the part is ensured that it won’t break, then optimization can be carried out to the part.  Making the hub lighter is vital to decrease the unspring mass of the suspension.  Methods to make the part lighter is employed and tested to ensure that the part can withstand the modifications.  Without this development process in CAD, designing would be physically, creating the components and doing manual stress testing. This can be too expensive and time consuming for the manufactures so developing and testing the part on the CAD software saves these costs.  

5. [bookmark: _Toc31006486]Analysis 
[bookmark: _Toc31006487]4a. Original Hub 
As disguised, the hub is created and modelled within the suspension system and tested to identify the stress being applied to the component at certain locations.  This creates the “Von Mises Stress” physically on the component.   The data that is produced can be exported onto an excel spreadsheet. This spreadsheet can then be used to identify the Von Mises Stress graphically (Table 1).  This is used to identify the maximum amount of stress experienced by the part. This is then used to identify the sector and so the clouded stress on the part can be displayed accordingly.  In this case, sector 7 has the maximum amount of stress applied to it. This is due to the fact that the wheel is hitting the speedbump causing the spike in the graph.  The progressive decrease in the graph spike is the wheel traveling up the bump and the stress on the model is become less as the wheel reaches the top of the bump.  The octanol oscillations is the wheel bouncing off the bump due to the spring.  
[bookmark: _Toc31005883]Table 2 Von Mises Stress on the original hub
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[bookmark: _Toc31005863]Figure 1 Un Modified Hub “Von Mises Stress” right side
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[bookmark: _Toc31005864]Figure 2 Un Modified Hub “Von Mises Stress” left side
By looking at the figures 1 & 2 shows the stresses concentrating in three areas on the hub which are circled.  On figure 1 shows the most concentration of stress which highlights in red.  In this section the part fails and breaks.  The Von Mises colour chart illustrates the amount the stress the part is subjected to ranging from red which is a large amount of stress, to blue which denoted a low amount of stress. The red section of the key shows a stress of 7.761e+10N/m^2 shows at this particular section the stress is extremely high and the part has failed.   Modification to this particular feature needs to be conducted to strengthen this part.  

[bookmark: _Toc31006488]4b. Modified Hub 1
In the image below (Figure 3) shows the modified part with champers on the top of the hub allowing the load to be distributed throughout the part allowing the stress to be reduced.  
[image: ]
[bookmark: _Toc31005865]Figure 3 Modified hub to distribute the stress




By using the table (Table 2), the maximum stress can be identified which is sector 5.
[bookmark: _Toc31005884]Table 3 Von Mises Stress Modification 1

In the von mises stress of the modified hub shows the stress on the top of the part (Figure 4A) to be reduced and distributed throughout the hub which is ideal this has caused the part to be stronger but has caused a knock-on effect to the stress to be more directed to the bottom ball joint mount. Looking at the stress scale shows the maximum stress to be 3.424e+7n/m^2 (figure 4B) which means that the part hasn’t failed.  This design can be improved further to improve overall strength. 
 [image: ] A
B

[bookmark: _Toc31005866]Figure 4 Modified Hub 1“Von Mises Stress” right side
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[bookmark: _Toc31005867]Figure 5 Modified Hub 1 “Von Mises Stress” left side
In figure 5 also shows the stress to be applied to this area which is circled on the image. This section of the hub can be strengthened to achieve a stronger part.


[bookmark: _Toc31006489]4c. Modified Hub 2
Below is the second literation of the modified hub (Figure 6).  This design also incorporates champers to distribute loads across the hub.  In particular, the ball joint mounting point has champers to accommodate for the load distribution.  
[image: ]
[bookmark: _Toc31005868]Figure 6 Modified hub 2






Again, using the excel table (Table 3), the maximum stress can be identified which is sector 6.

[bookmark: _Toc31005885]Table 4 Von Mises Stress Modification 2

Below is the von mises stress analysis for the second modified hub. As described, the ball joint mount is chaptered along the sides accommodate for the distribution of the loads across the hub.  By analysing the stress points of the part shows a stress concentration in red to be 6.595e+7n/m^2  (Figure 7A) which is more than the un-chaptered section but the part still hasn’t failed.  But as expected the load has distributed along more evenly throughout the part as seen by the colourations distributed on the part on figure 7 compared to figure 4 where the colourations are more centralised and there aren’t any load distributions.   
[image: ] A

[bookmark: _Toc31005869]Figure 7 Modified Hub 2 “Von Mises Stress” right side

[bookmark: _Toc31006490]4d. Modification 3
The stress has increased by adding champers along the side of the lower ball joint mount.  This is subsequently been temporally removed to trial supporting champers where the mount meets the body of the hub.  This is to hopefully distribute the stress around the side of the hub instead on a certain point.  In figure 8 illastrates the modification made of the hub.
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[bookmark: _Toc31005870]Figure 8 Modification 3
The maximum stress is also identified to gain a understanding of the maximum stress applies to the part.  In this case sector 6 has the highest stress (table 4). 
[bookmark: _Toc31005886]Table 5 Von Mises Stress Modified 3

Looking at the recent modification, stress on figure 8A shows a decrease in point stress but has transferred the stress to lower point in the hub. The reduction of point loads is ideal but sometimes can’t be avoided. This is evident in figure 9 where the point load has increased which is highlighted by figure 9A where the stress has increased on the right-angle corner.  This increase in stress on this corner wasn’t an issue in hub modification 2 but can be resolved by modifying distributing the load further. Looking at the maximum stress on the stress colour chare sees a maximum of 6.580e+7N/m^2 which is about the same as figure 7 but this design has a evenly distributed stress compared to modification 2.  
[image: ]
[bookmark: _Toc31005871]Figure 9 Modified Hub 3 “Von Mises Stress” left side
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[bookmark: _Toc31005872]Figure 10 Modified Hub 3 “Von Mises Stress” right side






[bookmark: _Toc31006491]4e. Modification 4
Below (Figure 11) is the combination of methods utilised.  Chamfering the ball joint mount upright and chamfer the area where the two meets. This is to hopefully distribute the loads more evenly and to create a stronger part. 
[image: ]
Using the excel graph, the maximum stress can be identified which is sector 7. This graph is a lot more jagged than the other designs. This is causes by the bounce between the wheel and the ground.  This can be eliminated by possibly having a stiffer spring or damper.  
[bookmark: _Toc31005887]Table 6 Von Mises Stress Modified 4

Looking at the hub (figure 11), the stress has been distributed evenly throughout the lower ball joint mount. By looking at the colours on the hub and comparing it to the stress colour chart, the left section is only hitting 4.600e+7N/m^2 which is low.  This is an ideal condition for a strong component.  
[image: ]
[bookmark: _Toc31005873]Figure 11 Modified Hub 4 “Von Mises Stress” left side 
When analysing the hub on the back side, one thing is apparent.  The stress at the right angel corner is extremely high which is reading 9.198e+7N/m^2 at figure 12A.  Looking at the amount of stress this component undergoes is so small and insignificant it won’t seriously affect the structure of the hub.  This although can have a longer lasting issue of the part may fatigue over a prolonged period of time.  This can cause the part to crack or possibly fail eventually.  Since this hub is for the domestic ford fiesta where longevity is essential this could possibly be a problem but considering the side of the stress, it is assumed that this wont have a issue further down the line.  In terms of stress distribution, its evenly distributed within the part allowing the component to spread the load. 
[image: ]A

[bookmark: _Toc31005874]Figure 12 Modified Hub 4 “Von Mises Stress” right side

6. [bookmark: _Toc31006492]Conclusion 
Developing these 5 designs allows a progression and development the hub.  This allows the design to be improved vastly over the original with the combination of design modification and testing.  The original design had its problem with the stress on the top of the hub in several location causing a bending moment on the arm of the hub which can cause fatigue overtime.  This issue is then solved by chamfering the edges of the ram to distribute the stress throughout the model.  This theory worked but transferred the stressed down to the ball joint mounting point.  This developed one main stress point on the amount which again can cause fatigue.  Looking at the stress patter also indicates that the design is loaded to the left of the amount causing a moment acting upon it causing unwanted stress. Two solutions were tried. One was chamfering the ball joint mount upright edges to distribute the loads around the mount. This caused the model to inherit more concentrated stress on one point. This idea was then replaced by supporting the mount with the adjoining hub assembly.  This helped the issue but still had problem with the stress distribution of the mount which can cause the rest of the hub to be unsettled. 
Both solutions were implemented to both distribute the stress around the mount and support the mount from the top. This intern causes the stress within the part to become distributed evenly ensure that the stress on the component is minimal.  The only downside of this solution is the point stress on the right-angle face on the backside of the mount.  Although very small, its Hight in magnitude which can cause problems down the line with material fatigue.  But again, due to how small the point stress, its not a issue to worry about.  
Comparing the 4th hub modification and original design has one main difference.  The first design only had stress on the top of the hub.  Once the hub was reinforced, the stress moved to the next weakest area.  This causes the stress in the design to shift to each weak spot when the design is being developed. Another difference between designs is that the original design failed due to the forces exceeding the maximum yield stress. The 4th design didn’t fail dur to the modifications that’s allows the model to be stronger compared to the first design.  
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7. [bookmark: _Toc31006494]Abstract 
1. Excel of the exported FEA data of the un-modified part 
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2. Excel of the exported FEA data of the modified hub 1
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3. Excel of the exported FEA data of the modified hub 2
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4. Excel of the exported FEA data of the modified hub 3
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5. Excel of the exported FEA data of the modified hub 4
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72 |CM1_P25_ALT_RemoteLoads_5_MY Nm [ 0 6.00E16 0 6.00E16 0 587614 294E12 263512 568612 749512 9.94E13 L17EAL 0 16313 0 S.06E12 251613 203613 [ [ « « 4[> ThisPC > Etemal Hard Drive (E) > Solidworks designes > Assignment 1 > FEA > Modification 4 > v 0| | search Modication 4 »
73 |cM1_P25_ALT_Remoteloads_5_MZ Nm -0.00389 -0.00389 -0.02511 -0.00283 -0.02406 23.74814 14.14352 55.70816 49.46228 54.22074 4511599  4.073 4029737 -2.05835 -0.79203 3620675 30.49095 -B.84485 537754 19.1268 20.04624 Simsed R
74 |CM1_P25_ALT_Remoteloads 5 X m 0.000331 0.000331 0000331 0.000331 0.000331 0.000331 0.000331 0000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 0.000331 Neme Date modified Type Size

- - - - - - - - - - - - ~ - - - - # Quickaccess
75 |CM1_P25_ALT_Remoteloads_5_Y m 0.0875 -0.0875 -0.0875 -0.0875 -0.0875 -0.0875 -0.0875 00875 -0.0875 -0.0875 -0.0875 -0.0875 -0.0875 -0.0875 -0.0875 00875 -0.0875 sl B Mo b 4. CVIALT Fames 25.45.. 27/00202005%  Fefolder
76 |CM1_P25_ALT_Remoteloads_5_Z m 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 0055 2
A front arm assem motion Modification 4 27/01/202005:41  SOLIDWORKS Ass 7237K8
77 |cM1_P25_ALT_Gravity X m/s%2 | 144E10 144E10 165607 169E-09 10E0S 451E07 [ [ 0 294E12 191606 260612 6.02E05 49912 [ 0 8.73E05 0.000108 7.70E-07 0 s.8%E1s 3 Downloads Tiviodicsiont T T e -
78 |CM1_P25_ALT_Gravity_Y m/s%2 13.3841 -13.3841 145044 -13.3341 145743 618047 -11.4252 -27.5559 -23.7966 231321 -23.1206 -2.50333 -18.025 -2.14669 -10.5334 -16.7547 -18.6336 -5.63015 -7.80019 -20.7393 -9.84229 Generg L Medification 4.csv Al Icrosoft Bxcel
79 |CM1_P25_ALT_Gravity_Z m/s\2 004332 -0.04332 -0.05747 0.04271 -0.05757 16979 0.51275 -0.44693 -0.26886 -0.43727 -0.84609 0.30483 -0.49179 13932 0.157 -0.43263 -0.89111 022569  0.3297 -1.42389 0007149 - , Modfied Hub &sim Z7/OUA 0552 SOLDWORKS Part ks
80| ML P25 ALT CentriFugal v rad/s o o o o o o o o o o o o o o o o o o o o o o Prepra| [} Assignment [7] Modified Hub 4 sim-CM1-ALT-Frames-2...  27/01/20200544  CWR File 16,088 KB
81|oM1_P25_ALT CentriFugal A radls/s o o o o o o o o o o o o o o o o o o o o o o ] Modification 1 Modified Hub 4 27/01/2000529  SOLIDWORKS Part, 664 KB
82 |VON: von Mises stress Monitor C N/m~2 | 1.99E+06| 1.99E+06 1.71E+06| 2.00E+06| 1.73E+06| 3.70E+07 2.63E+07 9.20E+07  8.17E+07 9.01E+07| 7.46E+07 2.23E+07| 6.63E+07| 2.46E+07 2.20E+07 5.96E+07 4.99E+07| 2.20E+07 2.08E+07| 3.10E+07| 3.29E+07| 2.56E+07| cro|d {1 Modification 2 LI Modified Hub 4-CM1-ALT-Frames-25-45...  27/01/20200550  BMC File e
83 |P1: 15t Principal stress Monitor C N/m"2  1756%06 L75E+06 1.23E+06 177E+06 126E+06 2.866+07 3.01E+07 G.45EH07 5.74E+07 6.35E+07 5.23E+07 2.66E+07 4.63E+07 2.71E+07 245E+07 4.16E+07 3.46E+07 2.31E407 2.20E+07 2.00E+07 2.28E+07 2.65E%07 Dynan| [ StondardUnogis L) Modified Hub &-CMI-ALT-Fames 2565, 27012100544 CWRFile 16082 KB
84 |P2: 2nd Principal Stress Monitor C N/m"2  7.04E+05 7.04E+05 4.28E405 7.11E+05 4.55E+05 8.39E+06 1.03E407 2.05E+07 1.82E+07 2.02E407 166E+07 9.49E+06 147E+07 9.89E+06 9.04E+06 1.326+07 1.10E+07 7.70E406 7.70E+06 6.68E+06 7.23E406 7.87E+06 |5 Modified Hub 4-CM1-ALT-Frames-25-45-1  27/01/202005:50  Text Document 2k8
85 |P3: 3rd Principal Stress MonitorC N/m"2 | 27E+05 2.176+05 133E+05 2.19E+05 LA41E405 S5.77E+06 5.18E+06 141407 125E+07 1.38E+07 114E+07 4.126+06 10007 4.17E+06 3.78E406 9.04E+06 7.47E+06 3.26E406 3.25E+06 4.51E+05 4.90E+06 5.95E+06 L_Ti=0E [ Modified Hub 4-CM1-ALT-Frames-25-45...  27/01/202005:44  OPM File 2k8
86 |URES: Resultant Displacement Monitor Cmm 498071 498071 219568 50485 246796 §7.47025 10233 101537 99.77016 101413 961412 87.99595 96.5541 85.60762 8210125 8433651 84.35544 73.1745 7L67694 69.03195 62.03673 53.23317 =) el Hard Drve ¢ ) Modiied Hub 4-CM1-ALT-Frames-25-45... 27/01/20200550  TextDocument 2K8
87 |INT: Stress Intensity(P1-P3) Monitor C N/m"2  2.07E+06 2.07E+06 1.78E+06 2.08E+06 1.81E+06 4.00E+07 2.69E+07 9.99E+07 B8.88E+07 9.79E+07 8.10E+07 2.42E+07 7.20E+07 2.62E407 2.35E+07 6.48E+07 5.42E+07 2.25E+07 2.17E+07 3.36E+07 3.57E+07 2.60E+07 = [5] Performancelog 27/01/20200549  Text Document kB
88 |ESTRN: Equivalent Strain Monitor Only 0.000008 0.000008 0.000006 0.000008 0.000007 0.000105 0.000089 0.000256 0.000227 0.00025 0.000207 0.000074 0000185 (0.00008 0.000071 0.000166 0.000133 0.000068 0.000066 0.000087 0.000092 0.000087 HeatTt @ Network
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i = 300807 and a continuous field that models the medium can be obtained. Therefore, it assumes that for every instant of time, and for every
104 2006207 Help and Support - point inspace occupied by the medium, there is a punctual particle.
105 100407
106 000800 Many theories and concepts have been derived from the basic concept of continuum mechanics. One of those is the maximum
107 1203 4 5 5 7 8 9 101D 13WIB %Y B 0 2 2 distortion energy theory, which is applied in many fields such as rubber bearings and applications with other ductile materials. It
108 Sector = ‘was initially proposed by Hubert in 1904 and further developed by von Mises in 1913%. According to it, vielding occurs when the
® < > distortion energy reaches a crtical value. This critical value, which is specific for each material, can easily be obtained by
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