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1.0 Introduction

The aim of the group project is to design and build a Formula 750 car by building an accurate simulation model using Optimum Lap and VI-grade. VI-grade allows for a detailed model to be built which can then be used for simulations to collect data that can be utilised for creating the optimum setup for the vehicle. Optimum Lap is a good simulator for running tests with limited data available as it requires less data to build a basic model. 

The main purpose of this project is to create a Formula 750 car that is competitive and matches/exceeds performance of the current Formula 750 models. VI-grade will help measure success by allowing for different tests to be simulated such as the Slalom test for suspension and tyres as well as running lap times around numerous tracks like Donnington National. This would help us realise what the best setup is to achieve peak performance and fastest lap times.

2.0 Project Organisation
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Figure 1 - Gannt Chart
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Figure 2 - Meeting Minutes Record
To allow for appropriate time management and clear instructions as well as progress, we created a Gannt chart to add deadlines and keep a record of our progression as time went by. Furthermore, we kept a file of ‘Meeting Minutes’ where we recorded every team meeting we had which included discussions of how everyone is coming along, any assistance or extensions needed on a certain task, sharing of progress and what to do next to move forward to meet every deadline on time. 

Each member of the group was given tasks and responsibilities. This was so that there was even spread of work between the group and every deadline could be met. Alex Maloney was elected the team leader as well as given the responsibility of overseeing the suspension side of things. This meant that he would use VI-grade to build a model of the front and rear suspension using the data collected from the suspension group. Calum Hughes was given the responsibility of the powertrain and EV, using the data he got from the powertrain and EV group to build a model for simulation. Eli Atif had been handed the responsibility of being in contact with the aero group and building an aero file on VI-grade to predict how the aerodynamics on the vehicle will behave and affect the performance of the car. 

3.0 Individual Work

Eli – Aerodynamics:

I had been given the responsibility of creating an aero file for the current and new Formula 750. Nevertheless, as I did not have enough data to build a model in VI-Grade yet, I began by using Optimum Lap to build a much simpler model and run basic simulations as it required less data. I initiated by first retrieving the real track data for the current Formula 750 around Donnington track. To determine the aerodynamic forces on that car as it went around the track, I implemented different drag and lift values into Optimum Lap and compared the lateral and longitudinal acceleration for the real data and simulated data. By doing so, I was able to find acceptable values for drag and lift by getting similar lateral and longitudinal acceleration graphs which can be seen below. Although it was a basic model, an advantage of these simulations was that it would help the Aero team to see if they were on the right track or not and help them aim for specific values.
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Figure 1  - Aero Data Simulations
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Figure 2  - Real Data Vs Sim Data
Above in Figure 1 are some of the simulations that were successfully ran using Optimum Lap. Each test was done using a different lift force and drag force value to compare lateral and longitudinal acceleration between real data and sim data as shown above in Figure 2. Above in Figure 2 can be seen the best and closest comparison I managed to get of 1.644g from the simulation compared to 1.645g from real data for longitudinal acceleration. Since Optimum Lap is a point mass modelling software, it sees the circuit in simplistic ways and will go point to point down straight sections and so a lot of the times lateral acceleration will often show 0 as a result. This test was ran with a lift value of -0.3 and a drag value of 0.25. 
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Figure 3  - Longitudinal Acceleration
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Figure 4  - Lateral Acceleration
This graphs above display the longitudinal and lateral acceleration for both the real track data and simulated data which was ran with a drag coefficient of 0.25 and lift coefficient of -0.3. As seen above, the simulated data is quite similar to the real data with some exceptions as the simulator clearly does not drive the vehicle same as it is driven in real life. In Figure 3 it can be seen that the vehicle is braking more than in real life which would make the lap times slower and make the results less accurate. The lateral acceleration shows that the simulation seems to be cornering more than the car in real life in some areas which also effects the simulation results. 

[image: Chart, line chart

Description automatically generated]
Figure 5  – Velocity Graph
This is a speed graph comparing the real and simulation data. It can be seen that the car driven in simulation is much slower around the corners than in real life. However, around the straight areas, the car picks up speed drastically and the difference reduces significantly which implies that the drag value is too low.
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Figure 6  - Longitudinal Acceleration
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Figure 7  - Lateral Acceleration
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Figure 8  - Velocity Graph
These graphs were taken from a simulation done with a higher drag value of 0.57 and lift value of -0.51 where the longitudinal acceleration was 0.97g which seems further away from the real data, but these graphs show that these aerodynamic values were more accurate to the real life data as the longitudinal and lateral acceleration are closer to real data and speed around corners is much more similar. Furthermore, the points where the sim is being driven at a higher or lower speed is not necessarily because of incorrect values, it could be the way the simulator drives the vehicle around the track. It is simply different to how the vehicle is driven in real life. On the other hand, it could be the circuit model that could be inaccurate in terms of how the corners are simulated where the vehicle may slow down more than it needs to. 
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Figure 9  - Drag & Lift Vs Lap Time Graph

This 3d graph shows how drag and lift values effect the lap times. As shown, it is quite expected that higher the downforce and lower the drag result in the quickest lap times. However, in order to get the lateral and longitudinal acceleration values as close as possible to real track data, a balance between drag and lift was required. This helped to determine the aerodynamic forces acting on the vehicle.

After using Optimum Lap to build a basic model of the Formula 750 for running simple tests, I moved on to VI-grade which is a much more in-depth software for building the model in more detail. I had to build the aerodynamic files for the current and new Formula 750 car to simulate how the two different aero files influence the car’s performance. As I did not have relevant information from the aero team at this point, I was able make an educated guess and rough insert rough figures for the downforce locations for front and rear wing in a table. 

Next, to create the aero file of the current car I got in contact with the Aero team once again to get lift and drag coefficient, centre of pressure value measured from the front or rear point of vehicle, and the frontal area. Once I had all the data I needed, I opened the aero file in notepad so I could edit and create a new one because in VI-Grade it is not as simple as filling in boxes for downforces acting on the front and rear of the car. As I already knew the wheelbase of the car, I used the centre of pressure value with the wheelbase value to calculate the downforce percentage split which resulted in 49% towards front and 51% towards rear which implied that there was more downforce acting on the rear end of the car. Once I had the percentage split, knowing the coefficient of lift (1.15), I used the lift force formula to calculate the downforce and split it according to the centre of pressure percentage split. The lift force formula can be found below.


Equation 1 – Lift Force

Next, I used the coefficient of drag (0.6) provided from the Aero team and the drag force formula to calculate the drag acting on the vehicle.

Equation 2 – Drag Force
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Figure 10  - Simulation Statistics & Aero File
Above is one of the simulations ran with the aero file for the current Formula 750. This was the fastest lap the car completed around Donnington track which was 95.8 seconds with a top speed of 175kmh (48m/s). In reality, the car did a lap of 81.11 seconds with the same aero and engine which shows that the simulation was roughly 15 seconds slower. This could possibly be because the car is not driven the same way as in real life as VI-Grade does not take a proper racing line around the track. 
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Figure 11  - Longitudinal Acceleration
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Figure 12  - Lateral Acceleration
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Figure 13  - Velocity Graph
From the simulation, these graphs were created to see how the vehicle behaved during the lap. With the current aero file and engine, the maximum longitudinal acceleration reached was 0.52g, maximum lateral acceleration reached was 4.5g, and top speed was 48m/s (175kmh). These graphs are a good way of comparing data with other data and to see how the vehicle acts around each section of the track to determine what improvements can be made to have the best setup.
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Figure 14  - New Aero File
Following that, I created another separate aero file for the new Formula 750 car with a lift coefficient of -1.36 which is more than the old car meaning the new car will have more downforce than the old, a drag coefficient of 0.5 which is lower than the old car meaning this car will have less drag acting on it, and a centre of pressure of 1473mm measured from the rear which gave a percentage of 36% towards front and 64% towards rear. This should result in the car having more traction on the driven wheels which should help in the straight sections. In theory, these values should result in a faster lap time.
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Figure 15  - New Aero Lap Time
This was the best lap time recorded with the new aero file of 98.98 seconds and a top speed of 160kmh. Although the car has better aero, the new engine was less powerful than the old and so made the lap time and top speed slower. From the original lap time of 81.11 seconds, the new car with the new engine is around 17 seconds slower. 
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Figure 16  - Longitudinal Acceleration
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Figure 17  - Lateral Acceleration
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Figure 18  - Velocity Graph
When compared with the graphs generated from the old aero file, it’s visible that the car was slower around the track with the new aero file and new engine as the maximum longitudinal acceleration reached was lower than the previous at 0.4g, maximum lateral acceleration reached was 3.1g, and maximum speed reached was 45m/s (160kmh). 
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Figure 19  - New Aero, Old Engine Lap Time

However, to truly see what difference the new aero makes to the performance of the vehicle with nothing else changed, I did a test for the Aero team using the new aero file but the same, current, more powerful engine to compare with the old aero file which also uses the same engine. It managed to complete a lap in 94.31 seconds which happens to be 1.49 seconds quicker than the lap with the old aero file, and a top speed of 178kmh which was 3kmh quicker. But I believe the new aero file with the current engine can complete an even quicker lap time in real life as the simulator drives differently to how the car would be driven in real life, for example, as stated before the simulator does not take a proper driving line which causes it to be slower around the track.

Overall, I am satisfied that VI-Grade was a better simulator to use for building models and running tests as it was more detailed and therefore, more accurate. Optimum Lap did not account for things such as centre of pressure which made the aerodynamic forces acting on the car like downforce not as accurate as it could be. 
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Figure 20  - Optimum Lap
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Figure 21  - VI-Grade
Therefore, when compared together, it is visible that Optimum Lap was less accurate than VI-Grade because in Optimum Lap the longitudinal acceleration reaches a maximum of around 3g which is drastic. Whereas, in VI-Grade it reaches a maximum of a more acceptable 0.4g. Furthermore, by running tests in VI-Grade car-real-time and using VI-Grade Animator, I was able to see the animation of the car going around Donnington track and report back to the Aero team that with the current centre of pressure downforce split between front and rear, the car seemed to understeer and so it would be advisable to have a split that was more towards the front of the vehicle to have more traction while cornering. To make these aerodynamic files even more accurate in the future, I would have to gather final figures for downforce locations for the front and rear wings.

























Calum – Powertrain & EV:

To begin the group project, I created a Formula 750 vehicle model on optimum lap to run basic simulations for the Electric Vehicle group. To simulate the vehicle, it was necessary to collect data from the EV group. After receiving the data of which I needed, I was then able to run simulations of the EV Base model. 
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(Figure 1)

The image above shows the set-up for the electrical vehicle using optimum lap. The weight of the vehicle was factored in to be 480kg as this is the minimum weight requirement, therefore the data provided by the set-up will not be as accurate as it can be. The stated aero data has been collected by Eli Atif, supplied by the Aero group. The engine torque data as displayed above was provided by the EV group, however the information was displayed in a previously made torque curve, this meant that I had to estimate the torque values. The gear ratio has been set as 1 due to the vehicle not needing a gearbox, the final drive ratio was supplied by the EV group.
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(Figure 2)

The above graph displays the Engine torque and power vs the engine speed for the EV, as can be seen from the graph the maximum torque value is 492 nm.
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(Figure 3)					(Figure 4)
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(Figure 5)

The above graphs display engine torque, lateral acceleration, and longitudinal acceleration vs elapsed distance. The graphs were all collected from optimum lap, using the EV set-up as displayed in figure 1.

After running simulations of the EV vehicle, I was then able to collect data from Optimum lap, this allowed me to create graphs to compare data against the Fiat Fire engine for the ICE powertrain of which Alex Maloney had been simulating. 
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(Figure 6)

The two graphs above display engine torque and power vs engine speed. The EV produced a maximum torque of 249 nm whereas the Fiat Fire engine for the ICE model produced 122 nm, it is clear to see in the presented data that the EV produces higher torque, however the Fiat Fire engine reaches its maximum torque at around 4200rpm whereas the EV simulation reaches its maximum torque at around 3500rpm.
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(Figure 7)

The graph above displays EV and ICE vs time, as can be seen from the graph the EV simulation and the ICE simulations provided very similar results. 
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(Figure 8)

The graph above displays the comparative data between the EV and ICE simulations for Distance Vs Lateral Acceleration. As with the previous graph the data provided by the simulations are very similar with few differences.
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(Figure 9)

As can be seen from the graph above (EV and ICE distance vs Longitudinal acceleration), the EV simulations show that the electrical vehicle is sharper on the brakes as well as the acceleration than the ICE model.

	Once simulations and results had been collected and compared, I then moved onto creating a vehicle profile in Vi-Grade for both the EV and the ICE. After the two groups had provided sufficient data for the use of Vi-Grade, I was then able to begin simulations. The simulations composed of one EV model, the Fiat Fire engine for ICE and the Toyota Engine for ICE.
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(Figure 10)				(Figure 11)

The above images display the vehicle simulation statistics, the image on the left shows the statistic for the original Fiat Fire engine of which ICE had provided the specifications for. As can be seen from the images. The original Fiat Fire engine completed the lap 4.67 seconds faster than the Toyota engine that ICE had provided.
The original engine can be seen to have 0.52 G of longitudinal acceleration, this acceleration is 0.1 G larger than that of the suggested Toyota engine. The original suggested Fiat Fire engine has a maximum speed of 110.8mph whereas the Toyota engine has a maximum speed of 99.46mph.
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(Figure 12)

The statistics for the Electric Vehicle as seen as above display a lap time of 80.04 seconds, around 14 seconds faster than the Fiat Fire engine. The acceleration for the EV shows a G-force of 6.03 G, I believe this figure is incorrect. The electric vehicle displays a top speed of 141.29 mp/h, 30.49mp/h faster than the Fiat Fire engine.
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(Figure 13)

The graph above displays the longitudinal acceleration for the Fiat Fire engine, as can be seen from the graph there is a maximum acceleration force of 0.52G with a minimum of –2.62 G during deceleration.
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(Figure 14)

The graph above displays the longitudinal acceleration for the Toyota engine, as can be seen from the graph there is a maximum acceleration force of 0.43G with a minimum of –2.30 G during deceleration.
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(Figure 15)
The graph above displays the longitudinal acceleration for the electric vehicle, as can be seen from the graph there is a maximum acceleration force of 6.03G with a minimum of –3.69G during deceleration.

The graphs (Figures 13 and 14) display a close similarity in terms of braking and accelerating, however, figure 15 which is the acceleration for the EV simulation displays a large difference in accelerating and braking forces, as can be seen in figure 15 there is a significant acceleration of 6.03G, this figure however is unrealistic.
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(Figure 16)

The graph above displays the maximum velocity for the original Fiat Fire engine, as can be seen from the graph there is a maximum velocity of 49.52m/s.
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(Figure 17)

As can be seen from the graph above the maximum velocity for the Toyota engine is 44.46 m/s.
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(Figure 18)

As can be seen from the graph above the maximum velocity for the electrical vehicle is 63.16 m/s.

The graphs (Figures 16, 17 and 18) display a close similarity in terms of velocity, however, figure 18, which is the velocity for the EV simulation displays a smoother velocity graph, this is due to the electric vehicle not having gears and therefore the velocity does not stagger as the same with the ICE.



Alex – Suspension:

At the start of the group project, I began using Optimum Lap where I would create a base model of a formula 750 and compare it to the new formula 750 model. I undertook the 
 ICE powertrain during the start of the project as Optimum Lap did not need or allow any suspension data to be inputted. My aim during the beginning of the project was to try and get the original formula 750 model to produce similar data to the real-life data that was given to us around Donnington. To build my original 750 base model, I had to get the Fiat FIRE details from the powertrain group where they provided me with the engine RPM and the Torque values as well as provided the gear ratios and the final drive ratio.
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(Figure 1 Original Torque Curve and Gear Ratio)
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(Figure 2 New Torque Curve and Gear Ratio)

Once the Fiat Fire engine data was transferred onto Optimum Lap a torque curve was produced which showed us the peak torque output which was 122 Nm and a peak power output which was 95 hp as shown in figure 1. I then requested the powertrain group to give me the engine data from a Toyota Aygo engine which they decided on using, again transferring the data over to Optimum Lap a torque curve was produced showing that the peak torque is 93 Nm, and the peak power is 69 hp.

The next step I undertook was to create a spreadsheet of the distance and speeds of the real-world data, original ICE, and the Toyota engine, where I created graphs to compare the velocity of the vehicle over the distance of the circuit. 
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(Table 1 Real vs Original vs New)
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(Figure 3 Real Data vs Original)

[image: ]
(Figure 4 Original vs New Velocity)
Figure 3 shows the real data speed compared to the original ICE speed and Figure 4 shows the original ICE speed compared to the new Toyota engine. From table 1 you can see that the original ICE has faster speeds than both the real and Toyota engine, theoretically both real data and original ICE should have the same speed as they have the same engine and gear ratios, the main reason this happened was because we did not get all the data to complete the sim such as drag coefficient, downforce coefficient, frontal area, rolling resistance, longitudinal friction, and lateral friction so the sim would not be 100% accurate. The real data done a lap around Donnington in 81.11s the original ICE did it in 82.33s and the Toyota engine did it in the slowest time as expected as it has the least powerful engine which did it in 85.67s. 

I then moved onto using Vi-Grade where I first used Vi-Suspension gen to create models of the current front and rear suspension and the new front and rear suspension, this was done by using the wingeo model of the suspensions provided to me by the suspension group. By using the wingeo model it made it easier for me to just transfer the data from one software to another. At first it was tricky as wingeo uses a different location point to Vi-Suspension but once I figured out that all the y location is a negative value instead of a positive on Vi-suspension gen it was straight forward.

Front Suspension:
[image: ]
(Figure 5 Wingeo Front Suspension)
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(Figure 6 Vi-Suspension Gen Front Suspension)
This front suspension is a double wishbone with pushrod and is used in the current formula 750 and the new formula 750 model. The reason the suspension group decided not to change the front suspension is due to the double wishbone suspension allows for greater control over camber, caster and roll centre as well as giving more freedom with the placement of the dampers. This suspension also has a pushrod, the benefits from this are greater high-speed stability, lower levels of body roll and allows for a much lower centre of gravity for the vehicle.
(What Actually Is Double Wishbone Suspension?, 2018)
(Pull-rod suspension - Wikipedia, n.d.)
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(Figure 7 Toe vs Bumpsteer Rear Suspension)
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(Figure 8 Toe vs Bumpsteer Front Suspension)
Once the front suspension was produced, I then created a kinematics analysis, this kinematics analysis was used to see the change of camber and toe produced by bump steer. Bump steer is when the wheels move up and down whilst accelerating due to bump in the roads or elevation. Figure 7 and 8 both show one of many graphs which I produced of camber vs bump steer and toe vs bump steer. Bump steer ranged between -30 and 30 mm which is not realistic as research done shows that the acceptable amount of bump steer us up to 0.762 mm, but most race teams try to reduce bump to under 0.254 mm. I ran kinematics test ranging from -2.5 to 2.5 camber and -2.5 to 2.5 toe, from figure 7 you can see that at 0 mm bump steer the camber is 2.5 at -30 mm of bump steer the camber is 3.11 and at 30 mm of bump steer the camber is 1.77. From figure 8 you can see at 0 mm of bump steer the toe is 2.5 at -30 mm bump steer the toe is 4.22 and at 30 mm of bump steer the toe is 0.5.
(n.d.) 




Rear Suspension:
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(Figure 9 5 Point Link Rear suspension)
This is the original formula 750 car rear suspension; this suspension is a 5-point link suspension. This suspension was modelled on Vi-suspension however I was not provided with the necessary locations therefore the 5-point link is just the generic model the software provided although I made the track width, wheelbase, wheel radius and tyre width the same as what the 750 is meant to be to keep it accurate. Although I was able to model this rear suspension on Vi-Suspension it would not run on Vi-car real time meaning that when comparing both sets of cars it would not be 100% accurate. 
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(Figure 10 Wingeo Model Rear Suspension)
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(Figure 11 Vi-Suspension Gen Rear Suspension)
 The new suspension that the suspension group has decided to go with is a double wishbone suspension this suspension benefits in more ways than the original 5-point link which is why the suspension group have decided to change the rear. This double wishbone suspension has upper and lower control arms which can boost negative camber, as a result the car would have better stability on the road as the tyres would be touching the road more which is ideal for racing when cornering.
(Stevens, 2020)
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(Figure 12 Toe vs Bumpsteer Front)
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(Figure 13 Toe vs Bumpsteer Rear)
Once the new rear suspension was created, I then did the same thing creating a kinematics analysis of bump steer against camber and toe, this time I kept the bump steer to its original value that Vi-suspension gen produced which was -100 to 100 which is even more unrealistic. I ran kinematics test ranging from -2.5 to 2.5 camber and -2.5 to 2.5 toe, from figure 12 you can see that at 0 mm bump steer the camber is -2.5 at -100 mm of bump steer the camber is 4.1 and at 100 mm of bump steer the camber is -10.4. From figure 13 you can see at 0 mm of bump steer the toe is -2.5 at -100 mm bump steer the toe is 2.76 and at 100 mm of bump steer the toe is -4.86.

Tyre data was then needed before being able to run the simulation so in order to have been able to input this data I first had to go back to the suspension team and ask them to provide me with the spin inertia of one wheel as well as the un sprung mass of one wheel and the wheel centre of height, using this info I could then start to input it into Vi-Grade to provide a more accurate representation of the formula 750 model although I did forget to do the tyre limits which meant that there are some limitations to the simulation however if you look at the long acceleration from the vehicle simulation statistics you can see that they are around them figures which is what the real world data produced too so even if I forgot to input the tyre limits it still ran as accurate as it could. 
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(Figure 14 5 Camber and Toe Front -1.5 -1.5 Camber and Toe Rear)
[image: Text

Description automatically generated]
(Figure 15 -1.5 Camber and Toe Front -1.5 1.5 Camber and Toe Rear)
After doing the kinematics analysis and finding out what bump steer would do to the camber and toe of both the front and rear suspension, I moved on to running multiple simulations with different camber and toe setups ranging from -2.5 toe to 2.5 toe and -2.5 camber to 2.5 camber. Through the process of running multiple simulations, I found that figure 14 done the lap in the quickest time, the setup used during this sim was 0 toe and camber on the front and rear. Even though this setup has done it in the fastest time it is not ideal to run 0 toe and camber as when cornering the car wouldn’t have much grip as less of the tyre will grip the track. Although there was another setup which I could have used which had a slightly faster lap time using a toe and camber value of -1 on the front and -1 camber and 1 toe and the rear I decided to go with figure 15 was the setup I have decided to go with even if it did go 2.51 seconds slower, the setup used during this sim was -1.5 camber and toe at the front and -1.5 camber and 1.5 toe on the rear. The reason why the toe is positive at the rear is from research I have found that you should have negative toe at the front and then positive toe at the rear, this is because having negative toe at the front of the car improves steering response and having negative toe at the rear improves the straight-line speed stability. I researched what the best camber setup would be on a racing vehicle, and it said between -1 to -2 camber which I then decided to go in the middle of both values to get me -1.5 camber 
(Camber, Caster, Toe-in/Toe-out nader bekeken - Intrax Suspension Technology, n.d.)
(Camber, n.d.)
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(Figure 16 Front Suspension Camber Change)
Figure 16 shows the change in camber at the front wheels during the lap around Donnington, this conveys that the original 750 and the new 750 were quite similar in the way that camber change was occurring however if you look at the EV camber change you can notice a big difference. I don’t know why the camber change for EV was so different compared to the ICE powertrain as they were all running the same camber and toe setups so my only conclusion would be that the EV powertrain has significantly more power which means that it could take the corners more aggressively than the ICE powertrains, I also noticed when analysing the video of the car going around that the EV car locked up a lot more often than the ICE powertrains which could be another reason why camber change was far greater on the EV front suspension. Looking towards the end of figure 16 around 90 seconds you can see a huge spike in camber change is due to the last chicane in Donnington where you brake quite late, when reviewing the video on both the original and new ICE I noticed that the model locked up as well as suffering from a lot of understeers which is down to the aero package provided by Eli and the aero group. 
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(Figure 17 Rear Suspension Camber Change)
Figure 17 shows the change in camber at the rear wheels during the lap around Donnington, from looking at figure 17 you can see that just like figure 16 the original and new ICE are quite similar with camber change, however with EV its different like mentioned previously this could be down to many different reasons such as power differences between the models or just the fact that it was locking up a lot more due to the factor settings we chose to run the EV model on could have made the difference although the factors were the same for both original and new ICE with a factor of 8,8,6 where as the factor for the EV was 6,6,4 as the sim would fail due to the vehicle ‘slipping’ on factors 6,6,4. The rear suspension camber change are not as significant as expected as the rear wheels do not turn like the front wheels so that camber change would be very minimal although on sharper corners you can still notice a significant amount of camber change just like when it reaches the turn called esses. 

4.0 Achievement and Progress

Overall, our initial progress on optimum lap was going as all we had to do was to be provided by data from the powertrain group of the original fiat fire engine and gear ratios and the new Toyota aygo engine and gear ratios. From this data provided we could then work around and just estimate other values as the aero group was still figuring out what the coefficients would be, so we started by working backwards to try and help them find a rough estimate of drag and lift coefficients. Still not accurate with coefficients or tyre data we got them so that the original was close to the real-life data provided to us. When moving onto Vi-Grade that’s where the progress started to slow down which held us back as we were waiting for other groups first to provide us with information before we could develop our model on vi-grade, all we had was the engine data. Although progress was slow, we still achieved our goal in making a working running simulation model of the original ICE, new ICE and EV. As well as an overall group achievement/goal we all had our own individual ones too, Eli’s goal was to create aero file for the current and new formula 750 model, Calum’s goal was to create a working current ICE new ICE and EV powertrain and Alex’s goal was to create a working front and rear suspension of both current a new although even though he did not make a working 5 point link due to car real time not running it he did make a working model on Vi-suspension gen. 

5.0 Project Success Review

The use of optimum lap provided a strong foundation for the project as it allowed for the input of comparatively fewer specifications than Vi-Grade. However due to the unnecessary requirement of inputting the specifications the simulation will not provide as accurate results compared to Vi-Grade, therefore the results collected from both optimum lap and Vi-Grade are expected to be different. 

During the process of building the EV model on both the optimum lap simulation and Vi-Grade the EV group provided a torque curve and not torque values, therefore whilst attempting to build the model it was necessary to estimate the values of the torque. During simulation of the EV on Vi-Grade the maximum torque value was presented as 6.03 G, this value is an excessive force and is inaccurate. This is due to the factor of the vehicles simulated being set to 8.8 as a standard, therefore must be kept the same throughout the simulation. This causes the vehicle to be driven at a more extreme pace. Due to the electrical vehicle having a higher torque, the vehicle can accelerate faster than the ICE models. If the correct torque figures were supplied by the EV group, the simulated model would be more accurate. Also, other factors were to include which provided limitations to our final models and comparisons. These factors are the 5 point link suspension which just wouldn’t allow to run on car real time which was a shame as we could not compare accurately the lap difference between the original and new engine, another factor was not inputting the tyre limits and lastly we didn’t take account of the different rake angles when filling out the aero files which would have helped provide a better working sim. 

During the simulation of the Toyota engine for the ICE group, the ICE group failed to send an updated torque curve/torque figures for the engine, therefore the results seen from the simulation are not truly representative of the final simulation for that engine. If the torque curve/torque figures were provided it can be estimated that the Toyota engine will complete the lap in a faster time than that of the Fiat Fire engine. Furthermore, the Aero group were unable to send final values for downforce locations which made the aero files a little less accurate. However, this project was a success in creating models, running simulations, and highlighting the differences between the current and new Formula 750, helping to push every group involved in the correct direction.
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