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[bookmark: _Toc130758822]Introduction

This technical report describes the process of theoretically designing a Formula Student car in association with the FSAE formula student regulations 2022. This project required the team to design the car within a budget of £45 000 and a timescale of approximately 6 months. The team consisted of 3 people, Owain Wilcox, Ross Vince and Aulon Pashoja, each of whom was to focus on a chosen subsection of the project. The objective was to complete the project within budget and within the timescale, showing a combination of our management skills and technical understanding of the project tasks through two VIVA presentations and a technical report document. 



[bookmark: _Toc130758823]Project Organisation 

To begin the project, each team member chose a subsection that they would like to pursue. These subsections are shown below:

· Owain Wilcox - Suspension analysis and chassis design.
· Ross Vince – Aerodynamics and drag reduction.
· Aulon Pashoja – Engine and powertrain design.

Due to the limited size of the group, there needed to be collaboration on other vehicle design aspects outside of our individual topics. 

[bookmark: _Toc130758824]Initial Work and Research

The team started doing initial research into the formula student events to see what our car needed to achieve to be competitive. The events consisted of a figure of 8 skidpan, a 75m acceleration event, a 1.5km autocross event, and a 22km endurance event. Further details are shown in Figure 1.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
This meant our vehicle needed to be predictable and nimble to be competitive in the skidpan and slaloms, have good acceleration and traction for the acceleration events and autocross, and finally be durable enough to withstand testing and all four events. Additionally, it was found that incurring penalties from hitting cones in any of the events impacted previous teams significantly. From this, we concluded that our car needed an emphasis on handling, aerodynamic stability, and throttle control. This would make the car as predictable as possible for the driver, resulting in no/minimal cones hit. 
[bookmark: _Toc130759374]Figure 1: FSAE Event description

[image: Website

Description automatically generated with medium confidence]Based on this information, research into previous formula student contestants and winners was conducted. Figure 2 displays an extract from a Magazine published by Formula Student Germany provided an overview of all the 2021 contestants at their Hockenheim event. [bookmark: _Toc130759375]Figure 2: Formula Student Germany Magazine, 2021


[image: ]Owain Wilcox converted this data into an excel spreadsheet, shown in Table 1, to provide the team with an overview of what chassis types and what level of aero previous contestants had chosen. 
[bookmark: _Toc130759408]Table 1: Previous Contestant data, FSAE Germany 2021


This data aided the team to make informed decisions to the initial design choices within their subject areas. It was decided that the vehicle chassis should be a full spaceframe chassis. A monocoque provided greater stiffness and was lighter, however material and manufacturing costs wouldn’t fall within the budget and was therefore unfeasible. 

Ross Vince used a software called Optimum Lap to assess the differences in lap times between a non-aero, mild aero, or full aero. The data from the previous competitors and Optimum lap suggested that our aerodynamics should be a full package as the benefits of full aero outweighed the negatives. These points are expanded upon further during section 3 of the report. 

With the basic vehicle parameters set, the group created a collaborative Gantt chart outlining the tasks that needed to be completed for each section, along with estimated completion dates. Figure 3 portrays the tasks and dates extracted from the Gantt chart.
[bookmark: _Toc130759376]Figure 3: Project Tasks and Completion Dates

[bookmark: _Toc130758825]Design and Analysis 

This section defines the work carried out by each group member for their chosen topic. The section will be split into sub-sections, clearly identifying the work topic and the team member responsible for the work. 

[bookmark: _Toc130758826]Chassis and Suspension – Owain Wilcox

[image: Chart, waterfall chart

Description automatically generated]As previously mentioned, the group worked collaboratively to choose the chassis type for the project. This was based upon my initial research of the difference between monocoque and spaceframe chassis. Figure 4 below was taken from Mitchell Hiller’s 2020 thesis and shows the costs of two monocoque chassis, their old 2020 chassis and a new 2021 chassis.[bookmark: _Toc130759377]Figure 4: Monocoque Chassis Costs (M.Hiller, 2020)


[image: Table

Description automatically generated]As shown, both chassis each cost $10 000 and above.  When compared to Table 2, extracted from Alexander M. Soo’s 2008 paper on FSAE tubular chassis design, it can be seen that there is a great cost difference between monocoque and spaceframe chassis.[bookmark: _Toc130759409]Table 2: Spaceframe Chassis Cost (A.Soo, 2008)

Taking inflation into consideration, it is estimated that $383.75 equates to $542.27 in 2023 currency. However, this is just the raw material cost. With delivery fees, the average welder rate of £14 per hour, and material cutting/sizing, this value could be increased by an estimated 150%, bringing the total price to £1355.68. This value is 13.24% of the monocoque cost. As a monocoque would be roughly a quarter of our budget it was decided to use a 4130 steel spaceframe chassis as it was felt that the money saved could be reinvested into another aspect of the project such as engine development or suspension components.  

[bookmark: _Toc130758827]Vehicle Targets and Sizing Calculations

The data in Table 1 was used to calculate the averages for all cars, and Spaceframe chassis cars, that competed in the 2021 German FSAE event, as shown in Table 3.

[bookmark: _Toc130759410]Table 3: Average Data from FSAE Germany Competitors 2021
[image: ]

This data was the primary source of creating targets for our car. We opted to use 13-inch wheels for packaging reasons, aimed for a target overall weight of 280Kg, including a 70Kg driver, a short wheelbase between the minimum 1525mm and 1550mm and front and rear tracks around 1220mm. A short wheelbase will maximise the turning radius which is essential for a FSAE vehicle during the tight events (N.Roner, 2018), a larger than average track will reduce the weight transfer onto the outside wheel, increasing the lateral grip.

Once these targets had been established, research into brake components was conducted to find suitable discs, callipers, and master cylinders etc. An Excel spreadsheet was produced based on APRacing’s parts, and their listed dimensions, to calculate the braking forces needed for the vehicle, seen below in Table 4.







[image: ][bookmark: _Toc130759411]Table 4: Braking Calculations

All calculations in Table 4 have been assumed to have 100% front weight transfer to ensure that even under the worst realistic scenario, the brakes will still manage to stop the vehicle (excluding component failure). Originally 230mm brakes were selected for use, however this resulted in the braking G-Forces being too great with a deceleration of 4.4G. Reducing the disc size to 200mm and increasing the master cylinder from 15.78mm internal diameter to 19.05 reduced this to a more modest value to 2.43G whilst also shedding unnecessary un-sprung weight.

[bookmark: _Toc130759412]Table 5: Suspension Calculations


[image: ]









Table 5 displays the suspension calculations for the car. The shock absorbers chosen were the Fox Vanilla R mountain bike shocks as each shock only weighs 178g, they’re inexpensive at approximately £150 per shock, and are compact enough to not affect packaging. The natural frequency of a vehicle refers to the oscillation frequency of a suspension system when it hits a bump. A high value indicates a vehicle with a stiff suspension system with very little ride comfort but will be more responsive to bumps and vibrations. For FSAE cars, the natural frequency tends to be between 2.5-3.5Hz. Our vehicle tends towards the lower values of that scale with a natural frequency of 2.63Hz as we want the car to be responsive and provide the driver with good feedback, yet not too challenging/harsh to drive that only an expert driver would be able to competently control the car.  

Once component sizes had been established, an estimated costs chart for the chassis and suspension section was created. Table 6 shows that the estimated cost totals to £10, 657 with 3 sets of wet and dry tyres. This price may need to be increased if more tyres are required for testing purposes. [bookmark: _Toc130759413]Table 6: Suspension and Chassis Estimated Costs

[image: ]







[bookmark: _Toc130758828]Chassis and Suspension Modelling

Once the calculations were completed, a base chassis was imported from GrabCad into SolidWorks. This chassis was edited to our vehicle needs and checked to ensure compatibility with the 2022 FSAE rules. Several tests were then performed on the chassis to check the induced stresses, the side impact structure, and the torsional rigidity at the front and rear. The tests were performed to analyse if the chassis would be strong enough to withstand the forces that would be acting on it without failing, as well as determining the stiffness.

Figure 5 displays the stress (Top) and rotation around the longitudinal axis (Bottom) for the front of the car. This test applied a total force of 2000 Newtons to the front chassis hardpoints while the rear hardpoints were fixed solidly. The results show that highest stress values do not exceed the yield strength of the material, meaning any deformation would be in the elastic region and would therefore not cause any permanent deformation. Regarding the rotation around the longitudinal axis, the maximum value occurs at the front with 0.78 degrees of twist per 2000N of force. [bookmark: _Toc130759378]Figure 5: Chassis Torsional stiffness Test Front

Figure 6 displays the stress (Top) and rotation around the longitudinal axis (Bottom) for the rear of the car. This test followed the same principle as the front with the exception of the 2000N force was applied to the rear hardpoints of the chassis while the front hardpoints were fixed solidly. Similarly, the maximum stresses do not exceed the yield strength, so the chassis won’t fail and the rotation around the longitudinal axis has a maximum value which occurs at the rear with 0.45 degrees of twist per 2000N of force.[bookmark: _Toc130759379]Figure 6: Chassis Torsional Stiffness Test Rear

This data suggests that the rear of the vehicle is more resistant to twist than the front. The average between the front and rear equates to 0.615 degrees of twist per 2000N of force, the target stiffness for the chassis was around 2000 Newtons per degree meaning our chassis is overly stiff. From a dynamics perspective this isn’t an issue as it reduces compliance in the system, however it means there have excess material in the chassis which increases weight.

[image: Graphical user interface, application

Description automatically generated]The side impact structure was built to regulation specifications however a side impact test was conducted to ensure our chassis would not cause harm to the driver. The purple arrows in Figure 7 indicate a force of 5000N distributed across the side impact structure to observe the deformation into the cockpit area. The value of 5000 was chosen as it theoretically simulates a worst-case scenario of an airborne FSAE car traveling at an unknown velocity impacting the side of the chassis. The results show that under this force, the deformation to the side impact structure is 6.32mm, meaning the chances of the driver sustaining injuries from the side impact structure intruding into the cockpit are minimal. [bookmark: _Toc130759380]Figure 7: Side Impact Test





Figure 8 displays a CAD model of the chassis with the suspension arms, uprights, brakes, wheels and steering rack. This model was created in conjunction with the VI-Grade simulation testing described in section 3.1.3. The wishbones were modelled using the SolidWorks coordinate system which was matched to the VI-Grade coordinates system, ensuring that the model displayed an accurate representation of the suspension arms. Referring to the part specifications in Tables 4 and 6, the uprights, discs and wheels were all created to specification to allow for correct measurements of the front and rear track. Table 3 stated the average track for front and rear was 1.209m and 1.194m respectively, our car measured a front track of 1.223m and a rear track of 1.220m. These values are slightly greater than the average however a larger track reduces the load transfer when cornering resulting in an increase in lateral grip as the outside tyre is not being overloaded as heavily. Although, if these tracks need to be reduced, it can be achieved by altering the wheel offset. 

[bookmark: _Toc130759381]Figure 8: Suspension and Chassis CAD Model




[bookmark: _Toc130758829]Simulation Iterations and Results

[image: A screenshot of a computer

Description automatically generated with medium confidence]To begin, a VI-Grade FSAE model was provided by Tim Tuder of UWTSD. This model was then altered so that the inboard suspension mounts coordinates were aligned with the SolidWorks model. Other data such as tyre width, vehicle weight and ride height, as well as suspension travel was altered to match our FSAE car. This section displays the process of altering the outboard points of the suspension setup to achieve a tight, and predictable handling characteristic for the driver. To do this, the relationship between the upper control arms, lower control arms and track rods were altered to reduce the excessive geometry changes with suspension displacement. These geometry changes can cause the car to steer by itself (with no steering input from the driver), an undesirable effect referred to as bump steer. [bookmark: _Toc130759382]Figure 9: Front Toe Angle vs Jounce

Figure 9 shows the change in front toe angle against suspension jounce. Jounce is defined as jolting or bouncing, in automotive terms, positive jounce refers to suspension compression (or the vehicle body moving closer to the ground from origin), and negative jounce is the suspension rebound (vehicle body moving further away from the ground from origin). 

The graph shows that the initial setup (Front analysis 1) had approximately 4.4 degrees of toe change across the 60mm of suspension displacement. This would cause excessive handling issues, so multiple outboard components were altered to try and reduce the bump steer. The second iteration exaggerated the toe further to nearly 6 degrees per 60mm of travel. It was found that for the front suspension, the lower control arm vertical outboard position made the biggest difference This is backed by the findings of William Harvey who stated in his 2018 concluded that altering the tie rod outboard location relative to the lower control arm drastically reducing the fluctuation in toe values (W.Harvey, 2018). The final result, shown in blue (Suspension 2, analysis 1) is shown in greater detail below in Figure 10.

[image: A screenshot of a computer

Description automatically generated with medium confidence][bookmark: _Toc130759383]Figure 10: Front Toe Angle Final Iteration

This setup was chosen because under braking, the front of the vehicle will dive, causing positive jounce. This displacement in suspension causes a slight positive toe of 0.02 degrees at 15mm jounce, increasing vehicle stability when entering the corner. This positive toe induces mild understeer, however as the driver releases the brakes and the jounce reduces, the toe tends back to 0, producing neither oversteer nor understeer. As the driver begins to accelerate, the front toe tends to toe out, producing mild oversteer, which may be preferred, depending on the driver preferences. 



[bookmark: _Toc130759384]Figure 11: Front Camber Angle vs Jounce and Final Iteration

Figure 11 displays the effects of outboard positions had on the camber vs jounce. The top graph displays the iterations, and the bottom displays the final camber change. It can be seen that in this instance, the relationship between toe and camber is inversely proportional as the original camber gradient was shallow compared to a large toe gradient, whereas with the final values, the toe gradient is shallow, yet the camber gradient has increased. This increase in camber is the trade-off of reducing the toe, however from a driver perspective, predicting and responding to larger changes in camber during suspension compression is far easier than responding to large changes in toe angle (bump steer). The graph shows that as the suspension compresses (positive jounce), the camber decreases from -1 degree to -3 degrees. Under braking this is not beneficial as the tyre contact patch has reduced, however once the driver steers into the corner, the vehicle weight will transfer to the outside tyres producing a roll moment. This moment will compress the tyre and increase the contact patch, in turn increasing the lateral grip. The static camber is set at -1 degrees to prevent the camber from going positive during any form of rebound, but instead only goes into the positive region once 17mm of rebound has been reached.
[image: A screenshot of a computer

Description automatically generated with medium confidence][bookmark: _Toc130759385]Figure 12: Rear Toe Angle vs Jounce

[image: A screenshot of a computer

Description automatically generated with medium confidence]Figure 12 displays the iteration process for the rear toe setup. This process followed the same methodology as the front setup, changing multiple outboard hardpoint locations until the toe began to neutralise. For the rear, the main changes stemmed from the toe control arm (track rod) outboard location. Like the front toe in Figure 10, the original setup had an absolute toe change of 8.5 degrees. This was then reduced, as shown in Figure 13.[bookmark: _Toc130759386]Figure 13: Rear Toe Angle Final Iteration





Similar to the front toe in Figure 10, the rear toe tends to positive under compressions. When the car accelerates, the vehicles weight shifts rearwards, causing the suspension to compress (positive jounce). This means that the toe alignment shifts to positive which increases the grip and stability of the car (Suspension Secrets, n.d).Under braking when the suspension is rebounding, the toe angle tends to negative. This will make the vehicle feel more agile by adding mild oversteer. The front and rear toe setting combined should theoretically produce a balanced vehicle as the oversteer and understeer moments should balance each other out between the front and rear. However, these settings can be changed during practice to better suit the drivers’ preferences. 
[bookmark: _Toc130759387]Figure 14: Rear Camber Angle vs Jounce and Final Iteration


Figure 14 displays the rear camber changes with jounce. Mirroring the front, reducing the toe naturally increased the camber. The top graph displays the initial iterations with zero static camber, however that was reduced to -1 degrees of static camber for the final camber. Similar to the front, negative camber improves the vehicles grip under cornering but can reduce longitudinal grip due to the reduced contact patch. 
All the VI-Grade setups above are purely hypothetical. They provide a basic understanding of how the system will perform on track however the limitation of this system is that they don’t account for real world scenarios. The software assumes that the ground is perfectly level for all the tests, which is good for repeatability and data comparison, however, realistically the ground is very rarely even so the data may vary from the simulated results. To gain a true understanding of how the suspension system will perform, the base setups shown above need to be implemented during testing and tuned to the driver’s preference to become optimal. 



[bookmark: _Toc130758830]Aerodynamics – Ross Vince

[bookmark: _Toc130758831]Aero vs non-Aero

The first major decision that had to be made was deciding on an design path. This is a decision that had to be led by simulation work and research into past competitors.
[image: ]
[bookmark: _Toc130759388]Figure 15: Previous Winners Table

The first stage was looking at previous winners and successful cars and trying to establish any useful trends. Many teams post car info from their previous cars on their websites promoting their university and in many different papers and reports. Figure 15 shows a table of the five previous winning cars, complete with individual scores, the average percentage of maximum points achieved in each event and whether the car is an aero or non-aero car. The table shows that every winner in the five-year period was a full aero car. When looking closely at the percentages of points scored in each event, the percentage for both sprint and endurance events have a very high percentage. Both events are heavily aero dependent. In comparison, the acceleration event and efficiency scores have a low percentage of points obtained. This suggests a higher drag profile, which will be achieved by having a car with an aero dependant design. 



Optimum Lap Simulation

[image: ]To back up the initial research and theory that an aero car is the correct design direction, simulations were done on Optimum Lap. Optimum Lap is a driver out the loop vehicle simulation model, that allows you to create vehicle models and generate a wide range of data from a simulated lap around a circuit. 
[bookmark: _Toc130759389]Figure 16: Optimum Lap Results

Figure 16 shows a graph generated by Optimum Lap showing elapsed distance in metres and speed, comparing an aero formula student car and non-aero formula student car around a lap of Germany’s formula student endurance circuit. Both cars share the same chassis, engine specs and gear ratios, with the only differential being aero figures and adjusted weights. The graph clearly shows that the non-aero car achieves higher top speeds down the longest straights. However, on the short to medium length straights, the aero car achieves a higher top speed. This is due to carrying a higher corner exit speed and the car being easier on traction as a result of the extra downforce. It is also clear to see that the aero car carries a drastically higher minimum speed through the corners. All of these performance benefits result in a simulated near three second a lap faster lap time. This correlates with the high percentage of points scored by past winners being scored in the endurance and sprint events. As a result of this correlation, the team can be confident that an aero car is the correct design path to go down. 

[bookmark: _Toc130758832]

Ansys Fluent Ahmed Body Validation 

[image: ]Ansys CFD is the software that is being used to analyse aerodynamic designs later in the project, however, it is important to prove the accuracy of Ansys to be confident in the results it offers later. The Ahmed body validation method enables us to validate the accuracy of any CFD program by comparing real life wind tunnel results to the figures generated by CFD. 
[bookmark: _Toc130759390]Figure 17: Ahmed Body
Figure 17 shows a CAD model of the Ahmed body. It is designed to be a simplified car model, as it shows the aero characteristics of an average car from the automotive industry. In this validation case, the report will focus on only one model of the Ahmed body to ensure CFD accuracy, however, further studies have been conducted by engineers comparing different slant angles, air speed, air density and much more. 

Real life wind tunnel tests of the Ahmed body produced a drag coefficient of 0.299 and a lift coefficient of 0.345. These are the target figures for the CFD simulation. 

[image: ]Ahmed Body Mesh
[bookmark: _Toc130759391]Figure 18: Ahmed Body Mesh
Figure 18 shows the mesh created for the Ansys simulation. The smaller the element sizes in the mesh, the more accurate the simulation will be. However, the level of which we are able to refine the mesh is limited by computing power. Therefore, we have to limit where we use a small element size to the important areas. As shown in figure18, the Ahmed body and roughly half a car length behind the body is limited to a maximum element size of 15mm. This is because the most important areas for an accurate simulation are the vehicle body itself, and the wake region. However, for the most accurate results, we would ideally have a limited element size of 15mm for two car lengths behind the body. Unfortunately, having attempted to decrease the element size for a longer distance behind the body, it was found to be too much for computing power available. This will affect the accuracy of the results, particularly in drag coefficient. 

Validation Results
[bookmark: _Toc130759392]Figure 19: Ahmed Body CD and CL Results[image: ]
Figure 19 shows the drag and lift coefficient results for the Ahmed body simulation in Ansys. The graph shows that the simulation reached convergence between 400 and 500 iterations. The resultant coefficient of lift was 0.391, which is 2.05% underpredicting. This shows good agreement between the wind tunnel results and the CFD simulation. The resultant coefficient of drag was 0.316. This means it is overpredicting by 10.87%. This is a fairly significant difference but is likely due to the issues around the mesh not being small enough for long enough in the wake region of the body. However, this is still useful as if during future simulations of designs the same amount of car lengths are used in the wake region, it can be assumed that the drag may overpredict by around 10%. 
[bookmark: _Toc130759393]Figure 20: Ahmed Body Velocity Magnitude[image: ]
Figure 20 shows velocity magnitude from a side on view of the body. It shows that the CFD model is displaying the aerodynamic principles that are expected. The image shows the stagnation point at the front of the body, the increase in velocity around the edges of the body, the velocity increasing underneath the body as the air has less area to move into and the wake region with low velocity. The flow also stays attached to the rear slant as expected with the 25 degree model. 

[image: ]
[bookmark: _Toc130759394]Figure 21: Ahmed Vortex
Figure 21 shows the edge of the body as the slant begins. It shows that the CFD model is correctly producing a vortex on the corner of the model. Overall, the CFD program can accurately predict aerodynamic affects, and is therefore a useful tool for the project. 


[bookmark: _Toc130758833][image: ]Aero Body Design
[bookmark: _Toc130759395]Figure 22: Design Parameters
Figure 22 shows the design parameters where the regulations allow aerodynamic devices. It is important to adhere to the regulations, otherwise the team would risk disqualification. 

[bookmark: _Toc130759396][image: Graphical user interface, application

Description automatically generated]Figure 23: First Aero Design



Figure 23 shows the first initial aero body design. The main feature of the initial design is the two-element rear wing, which is set at 45˚. The main focus of the first design was the rear of the car, to achieve rear downforce. This is because the Optimum Lap simulations suggests that the traction zones on the sprint and endurance is essential.
[image: Diagram

Description automatically generated]
[bookmark: _Toc130759397]Figure 24: Second Aero Design

Figure 24 shows the second iteration of the aero package. The second design stage focused on the front end of the car. The main objectives for the front end of the car is to achieve good balance with the rear of the car, and generate good front end downforce to aid in achieving high minimum speed in the corners. The nose of the car has been angled to lower drag and attempt to decrease flow separation as much as possible. 
[image: A picture containing graphical user interface

Description automatically generated]The other main feature of the front-end design is the front wing, which is at 32˚.

[bookmark: _Toc130759398]Figure 25: Final Aero Design[image: Graphical user interface

Description automatically generated]
[bookmark: _Toc130759399]Figure 26: Final Aero Design Underfloor
Figures 25 and 26 show the final aero package. The last iteration focuses on the mid-point and The first major decision that had to be made was deciding on an design path. This is a decision that had to be led by simulation work and research into past competitors.

[bookmark: _Toc130758834]Final Design CFD

The final stage of the aero design process is running the final car model in Ansys CFD. This involves following the same processes as the Ahmed body validation as closely as possible so that the same margin of errors can be applied.  

[bookmark: _Toc130758835][image: Graphical user interface, application

Description automatically generated]Formula Student Body Mesh. 
[bookmark: _Toc130759400]Figure 27: Final Mesh

Figure 27 shows the final body mesh. However, the final result isn’t the most ideal result. This is because the original mesh sizing’s caused issues with the computing power available, crashing the program multiples times, and corrupting the files. The “car box” was intended to have a maximum mesh sizing of 15-20mm. However, due to the lack of processing power, the maximum sizing had to be increased to 100mm. This will produce a less accurate result than desired. This run also has the same issues as the Ahmed body validation in relation to the wake region, as there is only enough processing power to limit the mesh sizing for a further car length behind the body. The vehicle body itself has a mesh sizing ranging between 15mm and 40mm depending on body work size and importance. 



[bookmark: _Toc130758836]Processing Issues

During the meshing, setup and results stages, multiple issues were encountered that held back the CFD process. The main issue occurred when during the first attempted run of the final body, the program crashed while attempting to complete a mesh. Once the program loaded back up, the mesh would no longer load up into setup. This meant having to restart the process completely. In the end, this meant the final planned run of one last iteration of the design had to be scrapped. The final design was meant to have made slight modifications to the package to fit our complete chassis, and include an engine block for a more accurate simulation. 

[bookmark: _Toc130758837]Case Setup

The case set up was the same as applied to the Ahmed body case earlier in the project. The velocity was set to 40 m/s, air density set at the fluent standard which is 1.225 , temperature was 288.16 k. The solution method was a coupled scheme, with the first 100 iterations being run at first order upwind for momentum, turbulent kinetic energy and turbulent dissipation rate, with all three then changing to second order upwind for the remaining iterations until convergence. In total, the case went through 1702 iterations, taking a total time of 25 hours. 

Results

[image: ]
[bookmark: _Toc130759414]Table 7: CFD Figures
Table 7 shows the final lift and drag figures from the CFD solution. The results show that the model produces significant downforce, however with the expected drag penalty of reasonably high drag. 


[image: Graphical user interface, application

Description automatically generated]Post Processing

[bookmark: _Toc130759401]Figure 28: Velocity Magnitude

Figure 28 shows velocity magnitude of the whole air module. It shows the wake region still has an impact multiple car lengths behind the body, and beyond the air module. This means that ideally, the distance tested in CFD behind the vehicle body would be bigger, however this was not possible due to the processing issues mentioned earlier. 



[bookmark: _Toc130759402]Figure 29: Velocity Magnitude Streamlines[image: Graphical user interface

Description automatically generated]
Figure 29 shows a more zoomed in version of the velocity magnitude streamlines. It shows, the slow down of air flow in the stagnation point on the front of the nosecone and the speed up of flow on the underside of the wings that is causing the drop in pressure and therefore an increase in downforce. It is also showing the compression of air above and below the body, and the rise of turbulent air out of the rear of the car. However, the flow does not speed up under the body as hoped. 



[bookmark: _Toc130759403]Figure 30: Underfloor Pressure[image: Graphical user interface, application

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated with medium confidence]Figure 30 shows the pressure on the floor of the car. It is showing that the front wing is creating a low pressure region, however the venturi tunnel is failing to have the desired pressure drop. This can be an area of improvement.
[bookmark: _Toc130759404]Figure 31: Floor Streamlines
Figure 31 shows the streamlines around the body with velocity magnitude. It explains why the floor isn’t generating the low pressure, high velocity zone that we were hoping for, as the flow isn’t being guided to the venturi tunnels well enough. However, this simulation was not conducted with a moving floor, which may lower the effectiveness of the floor. If the project was to continue, this would have to be an area of focus in the CFD work.


[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc130759405]Figure 32: Turbulent Streamlines
Figure 32 shows the streamlines around the vehicle body. It shows the turbulent flow starting as the air flow moves off each wing. It shows that more effort can be made to keep flow attached to the car further down the body. 

[bookmark: _Toc130758838]Costing

The price per Kg of carbon fibre is around $21.5. At an estimate, we will need around 20 Kg including spare parts, which totals to £351.45. There may be potential production costs, which at an estimate will cost 200% of the material cost, which totals to around £1000.



[bookmark: _Toc130758839]Engine and Power Train – Aulon Pashoja

[bookmark: _Toc130758840]Engine KTM 690 with 20mm restrictor plate

Formula student regulations state that a restrictor plate of no more than 20mm must be placed between the throttle body and engine when running naturally aspirated.
As the engine is a single cylinder, there is a throttle body with an air intake immediately attached, running a longer air intake, along with a fabricated plenum to extend the length of the intake manifold would reduce the impact the restrictor plate would have on the air flow rate to the engine. This could however mean an increase in pressure drop in the intake system, so a large intake filter along with a smoothed intake tract would be fabricated to reduce such a drop.
 
As the throttle body of the duke 690 engine is 42.8mm wide, the restrictor plate would decrease the volume of air at combustion by 53%. Without an appropriate map, the injector flow rate would be unchanged, with the air-fuel mixture being over compressed, leading to a loss in power and an excess of generated heat. The engine would ultimately run rough, may knock and is likely to stall when attempting to idle. 
The engine would need to be tested with the additional/extended intake plenum to ensure that the air fuel ratio is still stoichiometric, if running richer the flow rate of the injectors would need to be reduced.

[bookmark: _Toc130758841]Motec M150 ECU

The Motec M150 was chosen as the ECU, as it includes tuning software and datalogging. The ECU is widely used in formula student, meaning such a large presence would come with much more support if required from both the supplier and other experienced users. The Motec supports a narrowband and knock sensor which would assist with the production of a safe map.
To save money the wiring loom of the stock ecu would be modified to fit the Motec M150.

[bookmark: _Toc130758842]Gearbox

The KTM 690 features a constant mesh gearbox with a wet clutch, such a setup enables the gears to always be engaged, whilst the clutch is used to shift between them. A steel cable connects a hand operated lever to the 690’s clutch; it is responsible for disengaging the clutch when pulled, however as the engine would be placed behind the cockpit, relocation of both the clutch lever and shifter was necessary. 


[bookmark: _Toc130758843]Driver Controls

In terms of driver controls a buggy pedal box kit was selected for its size, being able to fit into a 40mm diameter chassis. Throttle and clutch cables can be routed directly from the duke engine to the front of the pedal box. 
The kit also includes a Wilwood T-1 master cylinder to run both front and rear brake lines, along with two reservoirs for the master cylinders. 
[image: ]
[bookmark: _Toc130759406]Figure 33: Wilwood Pedal box
















The clutch cable would be removed from the hand lever and retrofitted to the clutch pedal.
 
A throttle tamer tube is installed between the throttle body and throttle cable of the Duke 690, it reduces the amount of throttle travel required to open the throttle, this would be removed with the throttle cable routed directly to the throttle pedal. 
A foot shifter is used on the 690, this is a lever that moves up and down. When holding in the clutch, pushing the lever up progresses though the gearbox and pushing the lever down reduces the gear, the shifter would be linked to a hand-controlled lever in the cockpit which would push for an upshift and pull when shifting down. 

[bookmark: _Toc130758844]Differential

A Drexler V1 differential would be paired to an output shaft and chain drive from the 690, with this a set of custom length driveshafts can also be provided by the supplier. The final drive ratio would be controlled by the difference between the output shaft and the differential sprocket.
[image: ] 
[bookmark: _Toc130759407]Figure 34: Drexler Differential Dimensions





[bookmark: _Toc130758845]Evaluation

The aim of this project was to create a FSAE car within a budget of £45000. Each group member has nearly completed the subsections of their choice, however a lot of additional work is still required for the car to be functional. This is partly due to the size of the team but also mismanagement of time. In regards to the budget, it is estimated that the tasks completed up to date total £20 657. There are still a lot more components/materials to purchase for the vehicle however it appears that the team have underspent during this project. If this project was repeated, the underspending would be addressed by exchanging parts for higher performance alternatives, e.g, opting to run a carbon fibre monocoque chassis instead of a steel spaceframe.

The communication between the members was good for the most part, however there were times in the project where it could have been better. If the team was to repeat the project, we would have set times every week to meet and discuss any new developments and set a strict work schedule to be met by the following week. This would give the project better structure. To improve time management, each member should improve their own scheduling to accommodate different projects and workloads. If each members schedules aligned, the project would be able to run much smoother, and time could have been used more efficiently. 

Additionally, it may be worth investing in improved hardware for uses such as CFD. This would decrease the amount of time taken to complete different tasks and the project may have a more successful outcome.  



[bookmark: _Toc130758846]Conclusion

To conclude, our task was to produce a theoretical design for a Formula Student car, with a total budget of £45,000.  After consideration early in the project, the decision was made to use a spaceframe chassis with consideration of cost. Similarly, initial research early in the project and simulation data informed the decision to create a full aero package for the car instead of running non-aero. A decision was made to use a KTM 690 engine single cylinder, as it has good peak torque figures, and this couples well with the decision to run an aero car to try and create enough rear downforce to cope with as much torque as possible. 

A SolidWorks model of the chassis and suspension was created in alignment with several VI-Grade iterations to find a suspension geometry that would be optimal for the car. The aim of these iterations was to reduce the bump steer to provide good handling characteristics that were responsive, predictable, and provided high levels of grip.

Similarly, a full CFD model was created to assess the performance of running various levels of aero. This model produced a drag coefficient of 1.2335, a coefficient of lift of -2.1773 and a CD/CL of -0.5665. This model suggested that running this level of aero would result in substantial drag however would be negated by the downforce benefits.

The project still requires a lot of work to complete, and it was found that the team had underspent by a significant amount. It was determined that this was partially due to miscommunication and mismanagement of time. However, it was concluded that if this project was to be repeated, these issues would be addressed which would lead to a more efficient and effective team.
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Front Rear Total Front Rear

Berlin Spaceframe Docol R8 Steel Full 2.899 1.573 1.195 1.575 112 121 233 48.1 1.200 1.200 10 143/113

Bochum

Monocoque & 

Spaceframe

Carbon Fibre & Steel 

Tubing

Full 3.088 1.508 1.160 1.540 111 134 245 45.3 1.235 1.200 10 196/182

Bologna

Monocoque & 

Spaceframe

Zylon Composites & Al 

Honeycomb

Full 2.896 1.440 1.150 1.580 134 148 282 47.5 1.200 1.600 10 N/A

Ecully Spaceframe 4130 Steel Mild 2.980 1.470 1.050 1.575 143 144 287 49.8 1.254 1.200 13 N/A

Erlangen Monocoque CFRP Full 2.860 1.900 1.198 1.560 111 114 225 49.3 1.240 1.150 10 N/A

Esslingen

Monocoque & 

Spaceframe

CFRP, Al honeycomb & 

Steel

Full 3.009 1.452 1.185 1.600 128 140 268 47.8 1.218 1.218 13 220/142

Hamburg UFAF Spaceframe E235+C Steel Non Aero 2.765 1.470 1.090 1.550 125 153 278 45.0 1.250 1.200 13 220/220

Hamburg 

UASH

Monocoque CFRP, Al honeycomb  Full 1.994 1.460 1.185 1.550 132 149 281 47.0 1.200 1.200 13 250/250

Heilbronn Spaceframe E335, Al honeycomb Full 2.920 1.405 1.188 1.525 126 140 266 47.4 1.200 1.200 13 218/208

Karlsruhe Monocoque

Carbon Fibre, Al, 

honeycomb

Full 2.855 1.524 1.177 1.530 114 122 236 48.3 1.220 1.220 10 N/A

Kempten

Monocoque & 

Spaceframe

Prepreg Carbon, Al 

honeycomb

Non Aero 3.000 1.400 1.220 1.530 139 145 284 48.9 1.220 1.156 13 N/A

Lubeck Spaceframe 1.0308 steel Non Aero 2.750 1.320 1.191 1.581 171 152 323 52.9 1.105 1.105 13 230/230

Paderborn

Monocoque & 

Spaceframe

CFRP, 1.7734.5 Full 2.992 1.397 1.146 1.600 133 150 283 47.0 1.052 1.032 10 187/187

Padova

Monocoque & 

Spaceframe

CFRP &4130 steel Full 2.894 1.482 1.180 1.535 128 134 262 48.9 1.220 1.190 13 250/220

Brake Disk 
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Non-Aero
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Formula Student Group Project

1

TASK

ASSIGNED

TO

START END

Chassis

Shortlist chassis based on dimensions Team 11/10/22 11/10/22

Decide Chassis Type Team 11/10/22 11/10/22

Selecting Materials Aulon 11/10/22 11/10/22

Estimating Chassis Cost Owain 11/10/22 11/10/22

Design Chassis Team 12/10/22 18/10/22

Seatbelt Mountings Ross 18/10/22 18/10/22

Required Safety Features Owain 19/10/22 21/10/22

Perform Stress Analysis Ross 22/10/22 27/10/22

Driver Controls

Steering wheel position ,size and shape Owain 21/10/22 21/10/22

Pedal box design and location Ross 22/10/22 22/10/22

Brake/clutch line routing Aulon 23/10/22 23/10/22

Killswitch position Ross 24/10/22 24/10/22

Engine

Research & Select engine Aulon 11/10/22 11/10/22

Discuss engine choice with team Aulon 11/10/22 11/10/22

Proceed or select new engine based on 

meeting

Aulon 17/10/22 17/10/22

Choose aspiration Aulon 18/10/22 18/10/22

Decide on engine modifications Aulon 18/10/22 18/10/22

select anciliaries Aulon 25/10/22 25/10/22

Import engine + ancillaries into simulation Aulon 25/10/22 01/11/22

Decide on engine placement Aulon 08/11/22 08/11/22

select enigine mounting points Aulon 08/11/22 22/11/22

Select air intake  Aulon 29/11/22 29/11/22

Discuss air intake with Ross (aero) Aulon 30/11/22 30/11/22

Research & select gearbox Aulon 06/12/22 11/12/22

Discuss expected impact of gearbox on 

driveshaft positions with Owain (suspension) Aulon 12/12/22 12/12/22

Proceed or select new gearbox based on 

meeting

Aulon 12/12/22 13/12/22

Import gearbox into simulation  Aulon 13/12/22 13/12/22

Select differential(s) Aulon 20/12/22 20/12/22

Select drive & propshafts Aulon 23/12/22 10/01/23

Import differential and propshafts into 

simulation

Aulon 17/01/23 17/01/23

Research & select shift controls Aulon 24/01/23 24/01/23

Import shifter into simulation Aulon 31/01/23 31/01/23

Select most suitable chassis/subframe Aulon 06/02/23 06/02/23

Key Gateway, agree or compramise on chassis 

choice with Aero and suspention

Aulon 06/02/23 06/02/23

Select chassis material Aulon 06/02/23 13/02/23

Import chassis into simulation(s) Aulon 20/02/23 21/02/23

Optimise simulated engine & gearbox mounts 

for chosen chassis

Aulon 21/02/23 21/02/23

Optimise simulated drive & propshaft for 

chosen chassis

Aulon 23/02/23 23/02/23

Combine simulated drivetrain and chassis Aulon 27/02/23 27/02/23

Research & select fuel tank  Aulon 28/02/23 28/02/23

Research & select fuel delivery Aulon 02/03/23 02/03/23

Implement fuel delivery system to simulated 

vehicle

Aulon 07/03/23 07/03/23

Suspension



Project Start:

Display Week:

Mon, 10/10/22


image5.emf
Suspension

Deterime Wishbone Mounting Locations Owain 18/10/22 18/10/22

Design Wishbones Owain 21/10/22 25/10/22

Gateway Review Owain 29/10/22 29/10/22

Select Wishbone Bushes Owain 30/10/22 30/10/22

Select Track Rod Ends Owain 1/11/22 1/11/22

Design Uprights Owain 7/11/22 8/11/22

Select Hub Bearings Owain 11/11/22 11/11/22

Select Rose Joints Owain 12/11/22 12/11/22

Design Push Rod System Owain 15/11/22 16/11/22

Design Anti Roll Bars Owain 18/11/22 19/11/22

Design Rockers Owain 25/11/22 28/11/22

Meeting with Ross (Aero) to discuss chassis 

pick up points for aero positioning

Owain 29/11/22 29/11/22

Calculate Spring and Damper Rates Owain 30/11/22 30/11/22

Select Springs and Dampers Owain 30/11/22 30/11/22

Calculate Required Braking Force Owain 3/12/22 3/12/22

Design Brake Disks Owain 6/12/22 7/12/22

Select Brake Calipers Owain 9/12/22 9/12/22

Calculate Wheel Size and Tyre Compound Owain 11/12/22 11/12/22

Select Wheels and Tyres Owain 11/12/22 11/12/22

Prepare for 1st VIVA Owain 13/12/22 14/12/22

Stress Test All Componants Owain 15/12/22 18/12/22

Assemble componants Owain 19/12/22 19/12/22

Perform a Motion Analysis Owain 29/12/22 30/12/22

Have meeting with aulon (engines) for 

driveshaft positions

Owain 1/1/23 1/1/23

Stress Test the System Owain 4/1/23 6/1/23

Create a WinGeo Model Owain 8/1/23 8/1/23

Perform Geometry and Kinematics Analysis Owain 13/1/23 15/1/23

Define Optimum Suspension Values Owain 17/1/23 18/1/23

Prepare for Final VIVA and Report Owain 27/1/23 30/1/23

Conduct Initial Research. Ross 11/10/22 11/10/22

Find ballpark figures for drag, lift. Ross 11/10/22 11/10/22

Use OptimumLap to analyse performance 

differences between different aero figures.

Ross 12/10/22 12/10/22

Make final decision on aero level (non-aero, mid-

aero,full-aero). 

Ross 14/10/22 14/10/22

Meet with Aulon to discuss engine cooling. Ross 17/10/22 17/10/22

Complete Ansys software validation.  Ross 18/10/22 19/10/22

Analyse, cost up and make final decision on 

material selection.

Ross 25/10/22 26/10/22

Prepare for initial viva. Ross 28/10/22 28/10/22

Analyse front wing and front end aero designs 

using Ansys CFD.

Ross 1/11/22 2/11/22

Analyse diffuser and mid car aero designs using 

Ansys CFD. 

Ross 8/11/22 9/11/22

Analyse rear wing and rear end of car aero using 

Ansys CFD.

Ross 15/11/22 16/11/22

Meet with Owain to discuss chassis pick up points 

for aero devices. 

Ross 22/11/22 22/11/22

Analyse aero package as a whole using Ansys 

CFD. 

Ross 29/11/22 30/11/22

Finalise aerodynamic design. Ross 6/12/22 7/12/22

Use simulator to optimise design and setups.  Ross 10/1/23 10/1/23

Write final report. Ross 17/1/23 19/1/23

Prepare for final viva. Ross 7/2/23 7/2/23

Insert new rows ABOVE this one
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Formula Student Group Project
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TASK

ASSIGNED

TO

START END

Chassis

Shortlist chassis based on dimensions Team 11/10/22 11/10/22

Decide Chassis Type Team 11/10/22 11/10/22

Selecting Materials Aulon 11/10/22 11/10/22

Estimating Chassis Cost Owain 11/10/22 11/10/22

Design Chassis Team 12/10/22 18/10/22

Seatbelt Mountings Ross 18/10/22 18/10/22

Required Safety Features Owain 19/10/22 21/10/22

Perform Stress Analysis Ross 22/10/22 27/10/22

Driver Controls

Steering wheel position ,size and shape Owain 21/10/22 21/10/22

Pedal box design and location Ross 22/10/22 22/10/22

Brake/clutch line routing Aulon 23/10/22 23/10/22

Killswitch position Ross 24/10/22 24/10/22

Engine

Research & Select engine Aulon 11/10/22 11/10/22

Discuss engine choice with team Aulon 11/10/22 11/10/22

Proceed or select new engine based on 

meeting

Aulon 17/10/22 17/10/22

Choose aspiration Aulon 18/10/22 18/10/22

Decide on engine modifications Aulon 18/10/22 18/10/22

select anciliaries Aulon 25/10/22 25/10/22

Import engine + ancillaries into simulation Aulon 25/10/22 01/11/22

Decide on engine placement Aulon 08/11/22 08/11/22

select enigine mounting points Aulon 08/11/22 22/11/22

Select air intake  Aulon 29/11/22 29/11/22

Discuss air intake with Ross (aero) Aulon 30/11/22 30/11/22

Research & select gearbox Aulon 06/12/22 11/12/22

Discuss expected impact of gearbox on 

driveshaft positions with Owain (suspension) Aulon 12/12/22 12/12/22

Proceed or select new gearbox based on 

meeting

Aulon 12/12/22 13/12/22

Import gearbox into simulation  Aulon 13/12/22 13/12/22

Select differential(s) Aulon 20/12/22 20/12/22

Select drive & propshafts Aulon 23/12/22 10/01/23

Import differential and propshafts into 

simulation

Aulon 17/01/23 17/01/23

Research & select shift controls Aulon 24/01/23 24/01/23

Import shifter into simulation Aulon 31/01/23 31/01/23

Select most suitable chassis/subframe Aulon 06/02/23 06/02/23

Key Gateway, agree or compramise on chassis 

choice with Aero and suspention

Aulon 06/02/23 06/02/23

Select chassis material Aulon 06/02/23 13/02/23

Import chassis into simulation(s) Aulon 20/02/23 21/02/23

Optimise simulated engine & gearbox mounts 

for chosen chassis

Aulon 21/02/23 21/02/23

Optimise simulated drive & propshaft for 

chosen chassis

Aulon 23/02/23 23/02/23

Combine simulated drivetrain and chassis Aulon 27/02/23 27/02/23

Research & select fuel tank  Aulon 28/02/23 28/02/23

Research & select fuel delivery Aulon 02/03/23 02/03/23

Implement fuel delivery system to simulated 

vehicle

Aulon 07/03/23 07/03/23

Suspension
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Suspension

Deterime Wishbone Mounting Locations Owain 18/10/22 18/10/22

Design Wishbones Owain 21/10/22 25/10/22

Gateway Review Owain 29/10/22 29/10/22

Select Wishbone Bushes Owain 30/10/22 30/10/22

Select Track Rod Ends Owain 1/11/22 1/11/22

Design Uprights Owain 7/11/22 8/11/22

Select Hub Bearings Owain 11/11/22 11/11/22

Select Rose Joints Owain 12/11/22 12/11/22

Design Push Rod System Owain 15/11/22 16/11/22

Design Anti Roll Bars Owain 18/11/22 19/11/22

Design Rockers Owain 25/11/22 28/11/22

Meeting with Ross (Aero) to discuss chassis 

pick up points for aero positioning

Owain 29/11/22 29/11/22

Calculate Spring and Damper Rates Owain 30/11/22 30/11/22

Select Springs and Dampers Owain 30/11/22 30/11/22

Calculate Required Braking Force Owain 3/12/22 3/12/22

Design Brake Disks Owain 6/12/22 7/12/22

Select Brake Calipers Owain 9/12/22 9/12/22

Calculate Wheel Size and Tyre Compound Owain 11/12/22 11/12/22

Select Wheels and Tyres Owain 11/12/22 11/12/22

Prepare for 1st VIVA Owain 13/12/22 14/12/22

Stress Test All Componants Owain 15/12/22 18/12/22

Assemble componants Owain 19/12/22 19/12/22

Perform a Motion Analysis Owain 29/12/22 30/12/22

Have meeting with aulon (engines) for 

driveshaft positions

Owain 1/1/23 1/1/23

Stress Test the System Owain 4/1/23 6/1/23

Create a WinGeo Model Owain 8/1/23 8/1/23

Perform Geometry and Kinematics Analysis Owain 13/1/23 15/1/23

Define Optimum Suspension Values Owain 17/1/23 18/1/23

Prepare for Final VIVA and Report Owain 27/1/23 30/1/23

Conduct Initial Research. Ross 11/10/22 11/10/22

Find ballpark figures for drag, lift. Ross 11/10/22 11/10/22

Use OptimumLap to analyse performance 

differences between different aero figures.

Ross 12/10/22 12/10/22

Make final decision on aero level (non-aero, mid-

aero,full-aero). 

Ross 14/10/22 14/10/22

Meet with Aulon to discuss engine cooling. Ross 17/10/22 17/10/22

Complete Ansys software validation.  Ross 18/10/22 19/10/22

Analyse, cost up and make final decision on 

material selection.

Ross 25/10/22 26/10/22

Prepare for initial viva. Ross 28/10/22 28/10/22

Analyse front wing and front end aero designs 

using Ansys CFD.

Ross 1/11/22 2/11/22

Analyse diffuser and mid car aero designs using 

Ansys CFD. 

Ross 8/11/22 9/11/22

Analyse rear wing and rear end of car aero using 

Ansys CFD.

Ross 15/11/22 16/11/22

Meet with Owain to discuss chassis pick up points 

for aero devices. 

Ross 22/11/22 22/11/22

Analyse aero package as a whole using Ansys 

CFD. 

Ross 29/11/22 30/11/22

Finalise aerodynamic design. Ross 6/12/22 7/12/22

Use simulator to optimise design and setups.  Ross 10/1/23 10/1/23

Write final report. Ross 17/1/23 19/1/23

Prepare for final viva. Ross 7/2/23 7/2/23
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Front Rear Total Front Rear

2.849 1.445 1.158 1.559 130.2 138.7 269.0 48.4 1.209 1.194 13 212/197

2.790 1.357 1.119 1.557 135.3 142.1 277.4 48.6 1.216 1.183 13 195/185

All Averages

Spaceframe Averages

Wheel Size 

(inch)

Brake Disk 

Diameter F/R (mm)

Weight 

Distribution

Length (m)Width (m)Height (m)

Wheelbase 

(m)

Track (m) Weight w/Driver (Kg)


image9.emf
Vehicle Weight w/70Kg Driver (Kg) 280 Force on Master Cylinder (N) 1280.00

Realistic Brake Pedal Force (N) 320 Area of Master Cylinder (m^2) 0.000285

Pedal Ratio 4:1 Area of Slave Cylinder (m^2) 0.001340

Master CylinderPiston Diameter (mm) 19.05 Master Cylinder Pressure (N/m^2) 4490866

Number of Pistons in Caliper 2 Force on Slave Cylinders (N) 12032.34

Caliper Piston Diameter (mm) 41.3 Braking Torque (Nm) 870.18

Force on Wheel (N) 3334.02

Pad Thickness (mm) 10.5 Deceleration Front Axle (m/s^2) 23.81

Pad Width (mm) 38.4 Deceleration Front Axle (G) 2.43

Pad Area (cm^2) 22.4 Braking Force (N) 6668.04

Pad Mu Value 0.4

Vehicle Weight w/70Kg Driver (N) 2746.8

Disc Outer Diameter (mm) 200.0 Static Load p/Tyre (N) 686.7

Disc Inner Diameter (mm) 161.6 Static Front Axle Load (N) 1373.40

Brake Effective Radius (mm) 180.8 Dynamic Front Axle load (100% Front) (N) 1803.65

Brake Force Coefficient (100% Front) 0.96

Wheel Diameter (In) 13

Wheel Offset 6J

Tyre Diameter F&R (mm) 522

Tyre Radius F&R (mm) 261

Tyre Coefficient of Friction 1.45


image10.emf
Minimum Required Wheel travel (mm) 50

Minimum Required jounce (mm) 25

Damper Stroke (mm) 57.10

Damper Compression length (mm) 34.26

Damper Rebound length (mm) 22.84

Estimated unsprung mass (kg) 60

Estimated unsprung mass per corner (Kg) 15

Estimated Sprung Mass (Kg) 220

Estimated Sprung Mass per corner (Kg) 55

Wheel Rate Front (N/m) 60121.71

Sprung Natural Frequency (Hz) 2.63

Spring Stiffness (N/mm) 52

Spring Rate (N/m) 66616.85

Motion Ratio 0.95

Predicted Wheel Travel Compression (mm) 32.55

Predicted Wheel Travel Rebound (mm) 21.70


image11.emf
Componants/Resources Number of  Cost

4130 Chromoly Rods (2m x 31.75mm x 5mm) 8 £410

Aluminium 6028 (215mm x160mm x38mm) 2 £430

Track rod ends 2 £25

Hub Bearings 4 £80

Rose Joints 8 £120

Pushrods 4 £110

Spring/Dampers 4 £800

Brake Calipers 4 £1,200

Brake Discs (8") 4 £140

Wheels  4 £2,000

Tyres  24 £4,800

4130 Hollow steel bars (Various sizes, 1m) 32 £542

Total £10,657
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