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1. Abstract:
This project will be looking at the universities motorsport race car. Specifically, this project will be looking at how to reduce the weight of the set of uprights (also known as wheel hubs). This project will look at making the front and rear wheel hubs lighter using different wheel hub designs and potentially different materials. 
This project will be focusing on using 3D drawing and modelling, computer software to create different designs for the set of uprights.
These designs will then be evaluated using software that can simulate forces and measure the stress and strain forces in different objects. The purpose of this is to see if a new design or the use of a different material can make the wheel hubs lighter than the original and still be strong enough that they won’t break when in use.






2. Technical Abstract:
This project will be looking at the universities MCR motorsport car; this car runs in the Sports 2000 Duratec Championship. Specifically, this project will be looking at how the weight of the set of uprights could be reduced, while retaining sufficient structural integrity, using different designs or materials. 
This project will be focusing on using CAD (Computer Aided Design) to create different designs for the set of uprights, due to the car being front wheel drive; two final designs need to be made. The driven and non- driven wheels will undergo slightly different forces so they will both need a suitable design in regards to structural stability.
These can then be analysed using FEA (Finite Element Analysis) on the designs to determine whether they can withstand the forces that will be acting on them, the project is looking to see if a new design or the use of a different material can make the uprights lighter than the original and still be structurally sound.
The forces working on the uprights will be found using a simulation package called Motec. Once the designs have been assessed using Cad, there will also be live testing and hand calculations to verify that the CAD and FEA work has been used properly. 
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4. Introduction:

This report will be looking at what has been achieved so far within the project and what is needed to be done next within the project. This report will talk about what has been researched so far and briefly touch on what needs to have further research. 
The report also covers two types of data collection, how the final designs can be validated, and how that will be achieved. 
There will be an analysis of what tasks have been completed and what is still to be done, and also a methodology of how certain things have been achieved and a plan of how to complete the rest of the tasks.


5. Literary review
5.1. Uprights:
The uprights can be called many things and seem to have many names which causes confusion when conversing about them as it is easy to misunderstand what is being spoken about. For the purpose of this report they will mainly be referred to as wheel uprights, or simply, uprights. However they can also be referred to as a: wheel carrier, steering knuckle, wheel hub, or spindle. The upright is basically where the wheel connects to the suspension, which connects to the steering. The wheel is attached to the outside of the upright, this is important as it means the wheel can rotate but is also held in a single plane of motion to provide stability to the wheel. The tie rod and suspension system (upper and lower control arms) attach to the inside of the upright (at the top and bottom).
There are two main different types of upright, those for a driven wheel and those for a non- driven wheel. The difference is due to the forces that are acting through the uprights. With a driven wheel the forces acting on the upright include forward and reverse propulsion, and breaking and turning forces. However the forces acting on the upright of a non-driven wheel only include breaking and turning forces. Uprights can come in all sorts of shapes and sizes. The designs can differ to help fit many different styles of applications and suspension types.

Other interesting journals and papers regarding uprights include:

· “Design and Manufacture of Titanium Formula SAE Uprights using Laser-Powder-Deposition.”
· “Design Optimization of Formula One Student Sports Car Upright Using Hyper mesh.”
· “The Design, Manufacturing and Testing of an Aluminium Cast Upright.”


5.2. CAD/FEA:

A paper titled, “Finite element analysis of shear punch testing and experimental validation” focusses on using FEA (Finite Element Analysis) to solve contact problems and other material processing techniques. In this paper they talk about using FEA to comprehend the distortion behaviour, and relate it to the shear-to-tensile correlation procedures.
When testing a sample, they found that there was increased deformation with displacement in a non-uniform and complex manner, this was attributed to extra stresses acting on the sample, instead of just shear stresses there was compressive stresses and bending stresses. Using FEA they were able to make a new fixture, this helped measure how much the punch top was moving. 
The work they are currently concentrating on is to use FEA to simulate the shear punch testing, then use the findings from FEA to relate some initial loading curves to the experimentally produced curves. It was interesting to read about how they used FEA and validated their findings in a similar way to this project.
Other interesting journals and papers regarding the use of FEA include:
· “Finite element analysis and experimental validation of thermal behaviour for thin-walled parts in GMAW-based additive manufacturing with various substrate preheating temperatures.”
· “Finite-element analysis and experimental validation of thermal residual stress and distortion in electron beam additive manufacturedTi-6Al-4V build plates.”
· “Investigation on the mechanical stresses in a muffler-mounting bracket using Root Cause Failure Analysis (RCFA), finite element analysis and experimental validation.”
· “Manufacturing Vehicle Components for an SAE Formula Race Car, A Case Study for an Integrated CAD/CAM Approach”

6. Analysis 

So far during the project completed tasks include:
Researching into FEA and uprights, to gain a better understanding of what FEA is used for and what an upright actually is and what it does.
[bookmark: _GoBack]To validate my future calculations within CAD, live strain testing was carried out on a piece of aluminium bar, and a CAD drawing of the bar that was tested has been drawn. The next step is to use FEA on the bar to find if the results are similar, this will in turn validate that the work done using CAD is accurate and correct. 
Motec data has also been collected, (Andrew Noble, 2017.), this data will then be used to find the peak forces and loads acting on the uprights, which will then be used for carrying out FEA on the uprights. 
A selection of point cloud data has been collected, (David Cooper, 2017.), these clouds will be used to create 3D models in SolidWorks.

Upcoming tasks to complete include: 
Further research into materials and the corresponding regulations in the Sports 2000 Duratec Championship. 
For the validation of the CAD and FEA work, calculations need to be made to determine the stress and strain forces acting on the piece of bar and then this can be compared to the FEA testing that will be carried out in SolidWorks, if the results are similar then this will prove a correct use of CAD and FEA and that the future calculations gained via CAD and FEA will be accurate. 
Calculations with values found in the Motec data, with regards to finding the forces that are acting on the uprights and the vectors they are acting in, these forces will then be used in FEA. 
Creation of a 3D CAD model from the point cloud data, so the original design of the uprights can be analysed with FEA and from this other materials can be tested for the original design and new designs can then be created.

7. Methodology

To validate the future calculations within CAD, live strain testing was carried out on a piece of aluminium bar, in this testing a bar was clamped at one end and had weights hung off the other end, a strain gauge was attached to the bar at the point that would see the most strain. The information collected from this testing will now need to be put through some calculations in order to find what exactly was happening to the bar, these final results will be compared to the findings of the FEA in CAD.
 A CAD drawing of the bar that was tested has been drawn, this means the next step is to use FEA on the bar, to find out if the results are similar, this will in turn validate that the work done using CAD and FEA is accurate and correct. 

Andrew Noble has been running different simulations and has made a lot of Motec data, he has offered some of that data to be used in this project. This data will be used to find the peak forces and loads acting on the uprights. This data is important and will be used for carrying out FEA on the uprights. The next step in this process is to calculate the values that are found in the Motec data, with regards to finding the forces that are acting on the uprights and the vectors they are acting in, these forces will then be used in FEA. 


The Point cloud data was found by David Cooper using a NextEngine 3D optical scanner, the original plan was to use the university’s CMM (Coordinate Measuring Machine) however the machine was unfortunately broken.  
Due to CMM being broken it was not able to be used and instead used the 3D optical scanner. Also the upright was unable to be fully stripped due to stuck parts, therefore the image won’t be able to produce accurate enough designs that could be realistically manufactured. Although if the CMM was fixed later on the designs could be altered to the more accurate dimensions, and then be used to manufacture new uprights. 

The NextEngine 3D Scanner is a machine that uses Scan Studio software. The Scanner will take roughly eight hours to do a full scan of each part.
The scanner uses predetermined height and distance markers, and rotates 360 degrees to give pictures from each side of the part, this is usually done in 8 segments.
The machine will flash a bright light and take an optical image, then the machine uses between five and seven different lasers to help gauge the depth within the image this process is repeated eight times with the part being reoriented three to four times in order to obtain as many points on the part as possible to gain as much information about the part being scanned.
An OBJ or XYZ document is created as a raw data point cloud, this point cloud of data, can then be used as a reference for size and positioning of holes when building a 3D model. When this document is loaded into SolidWorks the many points numbering over 4000 usually can have a mesh created by connecting up the points. This is something that needs to be investigated further so that this step can be complete to create a solid model of the original uprights and then from that FEA and new upright designs can be made.


8. Conclusion:

In conclusion of this report, I feel that so far the project is progressing well, having completed a many tasks and having a good idea and plan of what is still to be done. 
In general the report covered everything necessary with regards to data collection, validations and the future CAD and FEA work that is to be done. 
However, the literary review was smaller than originally hoped, this was due to lack of sufficient time management, as many different papers were read but it was very difficult to put the information from those into the report in a comfortable manner. This was due to other papers and tasks taking too much precedent over the task of writing up the research, I hope to rectify this issue in future reports and assignments. 
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