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1.0. [bookmark: _Toc90248488]Introduction
As vehicle simulation becomes ever more prevalent in motorsport and commercial vehicle development, it is important that simulations are being created to somewhat represent the vehicle being analysed and to ensure the performance of the vehicle is being accurately portrayed. This report will focus on how a vehicle performance simulation model can be developed from first principles and how the transient response of a vehicle can be approximated as a reaction to an input simulating a dynamic manoeuvre. 
The simulation model will be created using the specifications and characteristics of a modern Formula Ford car  with three separate vehicle “set ups” being modelled for performance analysis. The model will be validated using data gathered from three separate runs of a Formula Ford car completing a dynamic manoeuvre with the three different vehicle set ups being used in the simulation model. From this, the performance of the vehicle can then be analysed for each of the set ups and the most optimal established for the vehicle’s specific applications. 

[bookmark: _Toc90248489]2.0.   Mass, Spring, Damper Theory 
[image: Shape

Description automatically generated with medium confidence]
[bookmark: _Toc90248297]Figure 1: Image displaying a simple 1 DOF mass, spring, damper system. 
As a vehicle can be categorised as multitude of sprung and unsprung masses supported by suspension systems comprising of a series of springs and dampers, mass, spring, damper theory can be used to approximate the transient response of a vehicle from a specific dynamic input. Mass, spring, damper theory utilises coupled second order differential equations to reach an approximation of the position and velocity of the sprung or unsprung masses within the system. These mass, spring, damper models can vary in complexity due the accuracy required from the model. This report will focus on the development of a model that encompasses the full seven degrees of freedom required to model a response from a four wheeled vehicle. A full seven degree of freedom model should allow the response of the 4 unsprung masses (wheels) and the sprung mass (main vehicle body) to be approximated with relative accuracy. The second order differential equations used in the mass, spring, damper theory to approximate the response of a vehicle can be solved with an analytical or computational approach. Although the response of the system can be solved using analytical techniques, as the model increases in complexity and more degrees of freedom are added, it is common practice to solve the problem with computational methods.

[bookmark: _Toc90248490]3.0.   Methodology & Modelling Techniques
Due to the inherent complexity involved when developing and solving a simulation model that can approximate the transient response of a vehicle with any degree of accuracy, the model developed throughout this report will be created using Simulink. This is due to the fact Simulink has the ability to model non-linear systems that mimic the suspension systems of a contemporary vehicle. (Math Works, 2021) To create a seven degree of freedom model, it was thought to be beneficial to develop the model from a one degree of freedom model, through two and four degrees, leading to the full seven degrees of freedom or full car model.
[bookmark: _Toc90248491]3.1.   One Degree of Freedom
The one degree of freedom model is the most basic of the mass, spring, damper models as it only contains a single mass, one spring and one damping element. A visual representation of this type of system is displayed in Figure 1.  Although a model of this kind is not truly representative of a vehicle, it can still provide a quick overview of a system and help determine its characteristics. Solving a system such as this and determining the response of the system is normally achieved using analytical techniques due to the simplicity of the system. However, as the goal is to develop a model up to seven degrees of freedom that can model a vehicle with a certain degree of accuracy, a one degree of freedom model was created using Simulink. To achieve this the system’s categorising equation of,  first needs dividing through the mass to become . Doing this will make the process of structuring the equations in Simulink a lot simpler and more logical.
[image: Diagram, engineering drawing
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[bookmark: _Toc90248298]Figure 2: Image depicting a 1DOF model created on Simulink.
[image: Chart, line chart
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[bookmark: _Toc90248299]Figure 3: Graph generated through Simulink illustrating the system response from the 1DOF model.
[bookmark: _Toc90248492]3.2.   Two Degrees of Freedom
[image: Chart
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[bookmark: _Toc90248300]Figure 4: Image displaying a 2 DOF mass, spring, damper system.
The two degree of freedom model can be seen to represent a single corner of a four wheeled vehicle as it contains a sprung mass supported by a single spring and damper, as well as an unsprung mass that contains its own spring and damper elements which represents a vehicle’s tyre. As the models become more complex with more variables and masses to account for, it is common practice to solve these problems computationally. To solve a problem such as this and ensure the masses interact with each other as they should, coupled differential equations must be utilised. To derive these coupled equations, it is good practice to first determine the extensions for each of the spring and damper elements within the system. 
	System Component
	Extension

	Ks
	Zs – Zu

	Ku
	Zu - Y

	Cs
	s - u

	Cu
	s - 


[bookmark: _Toc90248384]Table 1: Table containing the extensions of the individual components in the 2 DOF system.
Once the extensions have been determined, the system defining equations can then be constructed.


[bookmark: _Toc90248439]Equation 1: Coupled differential equations representing the 2DOF system.
Where…
Ms = Sprung mass
Mu = Unsprung mass
Ks = Sprung mass spring rate.
Ku = Unsprung mass spring rate.
Cs = Sprung mass damping co-efficient.
Cu = Unsprung mass damping co-efficient.
Similarly to the equation used to define the 1DOF system, the equations that define the 2DOF system need dividing through its mass to make the structuring of the equations in Simulink simpler.
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[bookmark: _Toc90248301]Figure 5: Image depicting a 2DOF model created on Simulink.
[image: Chart, line chart
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[bookmark: _Toc90248302][bookmark: _Hlk90158533]Figure 6: Graph displaying the position of the sprung and unsprung masses in the 2DOF system.
Figure 6 displays the positions of the masses within the 2 DOF system and it is clear from analysis that the that the system is underdamped as expected. It is also visible from the figure where the system comes into contact with the step at 4 seconds and when the system drops off the step at 6 seconds. The system then oscillates at around 1.25 Hz for around four seconds until settling back into its original position.

[image: Chart, line chart
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[bookmark: _Toc90248303]Figure 7: Graph displaying the velocities of the sprung and unsprung masses in the 2DOF system.
It can be seen from Figures 6 & 7 that the velocities are proportional to the position of the corresponding masses. It is also evident from the figure that both masses reach a maximum velocity of around 3.4 metres per second. Although the masses reach a similar velocity, I can be seen that the sprung and unsprung masses decelerate at different rates. This is due to different damping characteristics being used in each the dampers used to slow the oscillations of the separate masses.
[bookmark: _Toc90248493]3.3.   Four Degrees of Freedom
[image: Diagram
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[bookmark: _Toc90248304]Figure 8: Image displaying a 2 DOF mass, spring, damper system.
The 4DOF model, also known as the half car or motorcycle model, contains two unsprung masses representing a vehicle’s wheels, and a sprung which represents the main vehicle body. It should also be noted that the two unsprung masses are supporting the sprung mass on opposing sides, and due to this the sprung mass is now able to pitch around its centre of gravity. This adds another level of complexity into the model but also increases the accuracy of the results. Similarly to the process involved in deriving the equations for the 2DOF system, it is good practice to define the extensions of each of the separate components within the system.
	System Component
	Extension

	Kf
	[bookmark: _Hlk90152162]

	Kuf
	

	Kr
	[bookmark: _Hlk90152192]

	Kur
	

	Cf
	

	Cuf
	

	Cr
	

	Cur
	


[bookmark: _Toc90248385]Table 2: Table displaying the extensions for each component within the 4DOF system:




[bookmark: _Toc90248440]Equation 2: 4DOF system defining equations. Sprung mass pitch and heave, both unsprung masses heave.
Where…
[bookmark: _Hlk90223898]Ms = Sprung mass.
I = Sprung mass inertia.
 = Sprung mass pitch.
Mur = Rear unsprung mass.
Muf = Front unsprung mass.
Kf = Front sprung mass spring rate.
Kr = Rear sprung mass spring rate.
Kuf = Front unsprung mass spring rate.
Kur = Rear unsprung mass spring rate.
Cf = Front sprung mass damping co-efficient.
Cr = Rear unsprung mass damping co-efficient.
Cuf = Front unsprung mass damping co-efficient.
Cur = Rear unsprung mass damping co-efficient.
a = Linear distance from the front axle to the sprung mass C of G. 
b = Linear distance from the rear axle to the sprung mass C of G.

[bookmark: _Hlk90224118]Each of the equations displayed above then needs dividing through there masses, or in the case of the equation that will define the pitch position of the sprung mass, the inertia. This will allow the equations to be more easily constructed in Simulink.
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[bookmark: _Toc90248305]Figure 9: Image depicting a 4DOF model created on Simulink.
[image: Chart, line chart

Description automatically generated]
[bookmark: _Toc90248306]Figure 10: Graph displaying the position of the unsprung masses in the 4DOF system.
It is clear from analysis of Figure 10 that the front unsprung mass makes contact with the step signal at the four second mark with a reaction being seen in the rear unsprung mass due to the impact. This shows that the equations are constructed correctly as the masses are interacting with one and other. It can also be seen that there is a delay between the unsprung masses making contact with the programmed in step signal and the rear unsprung mass makes contact with the step at the five second mark. The front unsprung mass then drops off the step at the six second mark causing another oscillating reaction from the unsprung masses. The rear unsprung mass then drops off the step at the six second mark causing a final oscillating reaction in both masses until they eventually reach rest at their original position. 
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[bookmark: _Toc90248307]Figure 11: Graph displaying the velocities of the unsprung masses in the 4DOF system.
It is visible from Figure 11 that the velocities of the unsprung masses reach speeds of over 12 metres per second when the system makes contact and drops off the step signal programmed in to create a system response. It is also evident from the figure that the velocities are relatively extreme and the system takes a substantial amount of time to eventually reach rest in their original positions. As the velocities reached are quite extreme, the system would likely benefit from increasing the damping force.
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[bookmark: _Toc90248308]Figure 12: Graph displaying the position of the sprung mass in the 4DOF system.
It can be seen from analysis of Figure 12 that when the front unsprung mass makes contact with the step at the four second mark, there is a reaction seen in the sprung mass. As the sprung mass heaves upwards due to the impact of the front wheel on the step, there is a pitch reaction seen as the front of the mass is forced upwards and the rear suspension is depressed. A similar reaction is then seen by the mass as the unsprung masses drop from the programmed in step. The mass then oscillates slightly until reaching rest in its original position.
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[bookmark: _Toc90248309]Figure 13: Graph displaying the velocities of the sprung mass in the 4DOF system.
Similarly to the velocities seen in the unsprung masses, the speeds reached by the system are quite aggressive and would benefit from a greater amount of damping. This is especially relevant for the pitch reaction of the system and if this were to represent an actual vehicle, these velocities seen in the reaction would result in an uncomfortable experience for the vehicle operator. 
[bookmark: _Toc90248494]3.4.   Seven Degrees of Freedom   
[image: A picture containing text, sky, map, outdoor
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[bookmark: _Toc90248310]Figure 14: Diagram illustrating a 7DOF full car model. (S. Sulaiman, 2012)
The seven degrees of freedom, or full car model, is used to represent a four wheeled vehicle and allow for calculations to take place to determine the position and velocities of all the masses within the system. This type of system contains; four unsprung masses representing a vehicle’s wheels, a sprung mass representing the main vehicle body, with spring and damper elements at each corner of the model. Due to the unsprung masses, springs and dampers being located at each corner of the model, the sprung mass should now be able to experience a heave, pitch, and roll reaction. To allow for the roll reaction to be calculated within Simulink, it is first necessary to calculate the roll centre of the vehicle which the roll moment will act through. This is because unlike the instantaneous geometric reactions of the heave and pitch components of the system reaction, the roll of a vehicle has more of an elastic reaction as it acts through a distance from the vehicle’s C of G. Therefore, a torque or moment is created which then produces the roll reaction seen in the sprung mass. To calculate the roll centre of a vehicle, a diagram should be created the represents the vehicles geometry with lines drawn from and to certain points on the vehicle. This process is demonstrated below in Figure 15.
[image: A picture containing text, sky

Description automatically generated]
[bookmark: _Toc90248311]Figure 15: Image displaying the technique used to help calculate the vehicle's roll centre. (Rowley, 2021)
As shown in the figure, a triangle can then be drawn on the diagram between the C of G and the theoretical roll centre.  Simple trigonometry is then used to determine the vertical distance from the centre of gravity to the vehicle’s roll centre height. (Suspension Secrets, 2021) From here, the extensions for each component within the system can be defined and the system’s characteristic equations derived for calculation. 
	System Component
	Extension

	Kfl
	

	Kufl
	

	Kfr
	

	Kufr
	

	Krl
	

	Kurl
	

	Krr
	

	kurr
	

	Cfr
	

	Cufr
	

	Cfl
	

	Cufl
	

	Crl
	

	Curl
	

	Crr
	

	Curr
	


[bookmark: _Toc90248386]Table 3: Table displaying the extensions for each of the components within the 7DOF system.




[bookmark: _Toc90248441]Equation 3: Unsprung masses 7DOF characteristic equations.

[bookmark: _Toc90248442]Equation 4: 7DOF heave characteristic equation.

[bookmark: _Toc90248443]Equation 5: 7DOF pitch characteristic equation.

[bookmark: _Toc90248444]Equation 6: 7DOF roll characteristic equation.
Where…
Ms = Sprung mass.
I = Sprung mass inertia.
= Sprung mass pitch.
 = Sprung mass roll.
 = Distance from the vehicle’s C of G to its outermost edge on the right side.
 = Distance from the vehicle’s C of G to its outermost edge on the left side.
Mfr = Front right unsprung mass.
Mfl = Front left unsprung mass.
Mrl = Rear left unsprung mass.
Mrr = Rear right unsprung mass.
Kfl = Front left spring rate.
Kfr = Front right spring rate.
Krl = Rear left spring rate.
Krr = Rear right spring rate
Ktfl = Front left wheel rate.
Ktfr = Front right wheel rate.
Ktrl = Rear left wheel rate.
KtrR = Rear right wheel rate.
Cfl = Front left damping co-efficient.
Cfr = Front right damping co-efficient.
Crl = Rear left damping co-efficient.
Crr  = Rear right damping co-efficient.
Ctfl = Front left unsprung mass damping co-efficient.
Ctfr = Front right unsprung mass damping co-efficient.
Ctrl = Rear left unsprung mass damping co-efficient.
Ctr = Rear right unsprung mass damping co-efficient.
a = Linear distance from the front axle to the sprung mass C of G. 
b = Linear distance from the rear axle to the sprung mass C of G.

Just like the rest of the mass, spring, damper models shown throughout this report, each of the equations displayed needs dividing through there masses, or in the case of the equations that will define the pitch and roll position of the sprung mass, the inertia. This will allow the equations to be more easily constructed in Simulink.
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[bookmark: _Toc90248312]Figure 16: Image illustrating the construction of the 7DOF model in Simulink.
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[bookmark: _Toc90248313]Figure 17: Image displaying the constructed equation within the front left unsprung mass sub-system.
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[bookmark: _Toc90248314]Figure 18: Image displaying the constructed equation within the front right unsprung mass sub-system.
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[bookmark: _Toc90248315]Figure 19: Image displaying the constructed equation within the rear left unsprung mass sub-system.
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[bookmark: _Toc90248316]Figure 20: Image displaying the constructed equation within the rear right unsprung mass sub-system.
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[bookmark: _Toc90248317]Figure 21: Image displaying the constructed equation within the bounce/heave sub-system.
[image: Diagram

Description automatically generated]
[bookmark: _Toc90248318]Figure 22: Image displaying the constructed equation within the pitch sub-system.
[image: ]
[bookmark: _Toc90248319]Figure 23: Image displaying the constructed equation within the roll sub-system.
[bookmark: _Toc90248495]4.0.   Model Validation
[bookmark: _Hlk90227587]To validate the model and ensure the results can be taken as accurate, the model should be validated against data gathered from another source. To validate the 7DOF model displayed in section 3.4. of this report, data gathered from the model will be compared to data gathered from a run on a motorsport simulator. To achieve validation through these means, the masses, geometry, spring rates and damping co-efficient need to be identical and as well as this, the dynamic conditions used to create a system response need to be the same. To achieve this, the lateral and longitudinal accelerations experienced by the motorsport simulator when completing a dynamic manoeuvre need to be inputted into the model. For the case of this study, the dynamic manoeuvre performed in the motorsport simulator was chosen to be a slalom manoeuvre. 
[image: A picture containing chart
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[bookmark: _Toc90248320]Figure 24: Motec data displaying the longitudinal and lateral accelerations produced by the motorsport simulator completing a slalom manoeuvre.
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[bookmark: _Toc90248321]Figure 25: Image illustrating the lateral acceleration signal programmed into the 7DOF model.
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[bookmark: _Toc90248322]Figure 26: Image illustrating the lateral acceleration signal programmed into the 7DOF model.
It can be seen in figures 24, 25 and 26, that the lateral and longitudinal accelerations were inputted into the model successfully and if the model has been constructed correctly, the results should match the trends seen in the Motec data gathered from the run with motorsport simulator.
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[bookmark: _Toc90248323]Figure 27: Image demonstrating the pitch and roll position of the sprung mass.
It is evident from comparison of figures 24 and 26 that the trends seen in the graphs are extremely similar with corelating values. However, there is a slight discrepancy between the magnitude of the longitudinal pitch. This is likely due to the fact that calculating the pitch inertia is extremely difficult and was thought to be impractical for the purposes of this study. As the results yielded are relatively similar between the real and simulated data, the model can be thought to be successfully validated and confidence can be taken in the generated results.. 
[bookmark: _Toc90248496]5.0.   Analysis
Now the model has been successfully validated against real data, a performance analysis of different vehicle set ups can take place with confidence in the yielded results. The vehicle specifications used in the analysis are shown below in tables 4 & 5.
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[bookmark: _Toc90248387]Table 4: Table displaying the default vehicle set up specifications used in the performance analysis.
[image: ]
[bookmark: _Toc90248388]Table 5: Table displaying the spring rate values used in the 3 set ups for the performance analysis.
Unfortunately due to lack of experience in utilising Simulink software, the slow bump and rebound damping co-efficients could not be implemented into the model, and the damping values used throughout the simulation were set at the values displayed for the slow bump and rebound co-efficients. From here, multiple Matlab scripts were created containing all the variables and their corresponding values displayed in the above tables to be used alongside the Simulink model. The model can then be run, and results generated for each of the set ups for analysis.
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[bookmark: _Toc90248324]Figure 28: Graph displaying the roll response of the vehicle using the 3 different set ups. (Set up 1 = Purple line, Set up 2 = Green line, Set up 3 = Blue line)
It is evident from analysis of Figure 28, that the roll response from set up 1 & 3 are identical. It is also clear that set up 2 has slightly less tendency to roll around the vehicle’s roll centre. This is likely due to the fact that set up 2 utilises a more consistent spring rate across the front and rear of the vehicle. As the main application of the vehicle in question is motorsport, this slightly reduced rolling moment seen when using set up 2 would be desirable and would likely result in this set up being chosen.
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[bookmark: _Toc90248325]Figure 29: Graph displaying the pitch response of the vehicle using the 3 different set ups. (Set up 1 = Purple line, Set up 2 = Green line, Set up 3 = Blue line)
It can be seen from Figure 29 that the pitch response seen in the sprung mass of the vehicle is identical during the dynamic slalom manoeuvre. Although there is a slight deviation after the slalom manoeuvre has been completed and the vehicle is brought to a stop, this is likely due to the different braking force being applied by the driver.
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[bookmark: _Toc90248326]Figure 30: Graph displaying the bounce response of the vehicle using the 3 different set ups. (Set up 1 = Purple line, Set up 2 = Green line, Set up 3 = Blue line)
The above figure shows that the bounce response seen in the sprung mass is pretty much identical when the vehicle is set up with set ups 1 & 3. It is also evident from the figure that set up 2 produces almost no bounce response in the sprung mass. This would be beneficial in motorsport applications as a stiffer vehicle normally results in faster lap times due to the position of the vehicle being more consistent, a faster response from the vehicle from driver input, and ultimately more grip between the tyres and road surface. (Shwab, 2021)
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[bookmark: _Toc90248327]Figure 31: Graph displaying the position of the front unsprung masses using the 3 different vehicle set ups. (Set up 1 – Front left = Red line, Front right = Orange line; Set up 2- Front left = Dark green line, Front right = Light green line; Set up 3 – Front left = Blue line, Front right = Purple line).
It is evident from the above figure that although there is a slight deviation between the positions of the unsprung masses when subjected to the lateral and longitudinal accelerations from the dynamic slalom manoeuvre, the difference seen in the determined values is extremely small and would likely not be felt by the driver.
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[bookmark: _Toc90248328]Figure 32: Graph displaying the position of the rear unsprung masses using the 3 different vehicle set ups. (Set up 1 – Rear left = Red line, Rear right = Orange line; Set up 2- Rear left = Dark green line, Rear right = Light green line; Set up 3 – Rear left = Blue line, Rear right = Purple line).
Similarly to the response seen from front unsprung masses, Figure 32 shows the positions of the unsprung masses at the rear of the vehicle deviate slightly from one another, but not enough to make a significant impact on the vehicle’s performance.
From analysis it is clear that although the different set ups create a similar response in the system, set up 2 would likely be the best set up for motorsport applications.
[bookmark: _Toc90248497]6.0.   Model Limitations & Further Work
As aforementioned in the main body of the report, the model is limited by a number of factors which could have an effect on the yielded results. One of these factors is due to the inexperience of using Simulink software and not being able to implement a slow & fast bump and rebound response into the model. This will affect the rate in which the masses decelerate and reach rest. As well as this the damping co-efficients of the tyres were unknown with an arbitrary value chosen. To increase the accuracy of the results generated by the model, it would be beneficial if these coefficients were known. (Fraggstedt, 2008) In addition to this, it would also be beneficial if the pitch and roll inertias of the sprung mass were known. This however is notoriously difficult to calculate as the C of G form each of the components within the sprung mass would need to be calculated and used in further calculations to reach the final value. (Constant, 2021) Due to this the values for the inertias would likely have to be determined using advanced data acquisition techniques. 



[bookmark: _Toc90248498]7.0.   Conclusions
Throughout the investigations into a vehicles transient response to dynamic inputs conducted throughout this report, it has been shown that small changes in the spring rates throughout the vehicle can have an impact on vehicle performance. Four models of varying complexity and accuracy were created using Simulink to aid in a vehicle performance analysis. The models were then validated against data gathered from a session in a motorsport simulator where a slalom manoeuvre was performed. As the model showed good correlation with the data gathered from the motorsport simulator, the results generated for performance analysis  could be taken with relative confidence. From this, 3 different vehicle set ups were inputted into the model to analyse the difference in vehicle performance and to reach a decision which set up would be best for the vehicle’s specific motorsport applications. It was found that the performance of the systems did not drastically change from set up to set up, but  it was noted that set up 2 provided the vehicle with the most solid foundations for motorsport applications. This decision was made mainly due to the minimal movements seen in the sprung mass when subjected to dynamic inputs. It was shown that this solid base provided by set up 2 is likely due to the consistency of the spring rates and damping co-efficients seen across the front and rear of the vehicle. As outlined in section 6.0. of this report, the Simulink models could be further developed to increase the accuracy of the generated results. However, the results generated have shown good correlation with real data and will suffice for the sake of the analysis conducted throughout this report.
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[bookmark: _Toc90248500]10.0.   Appendix
[bookmark: _Toc90248501]10.1. 1 DOF Matlab Script
clear
clc

m= 426; % Sprung Mass (kg)
k= 18000; % Spring Rate (N/m)
c= 1500; % Damping Co-Efficient (N/m/s)
[bookmark: _Toc90248502]10.2. 2 DOF Matlab Script
clear
clc

ku = 18000;
cu = 120;
mu = 22;
k = 18000;
c = 1615;
m = 106;

[bookmark: _Toc90248503]10.3. 4 DOF Matlab Script
clear
clc

m = 208;
muf = 22;
mur = 22;
kf = 18000;
kuf =18000;
kr = 18000;
kur = 18000;
cf = 1615;
cuf = 120;
cr = 1615;
cur = 120;
I = 30;
a = 0.8;
b = 0.8;

[bookmark: _Toc90248504][bookmark: _Hlk90245764]10.4. 7 DOF Matlab Script Set Up 1
clc
clear
% Masses
m = 426;
mfL = 22;
mfR = 22;
mrL = 22;
mrR = 22;

% Main Vehicle Body
kfL = 14000;
kfR = 14000;
krL = 20000;
krR = 20000;
cfL = 1915;
cfR = 1915;
crL = 1612;
crR = 1612;
Ipitch = 730;
Iroll = 1400;

% Tyres
kufL = 14000;
kufR = 14000;
kurL = 20000;
kurR = 20000;
cufL = 120;
cufR = 120;
curL = 120;
curR = 120;

% Geometrical Variables
a = 1.099;
b = 1.344;
alpha = 0.8;
beta = 0.8;

% motec data for use in simulink
load setuponematfile.mat;
time = 1:1:647;
lataccel = G_Force_Lat.Value;
longaccel = G_Force_Long.Value;

[bookmark: _Toc90248505]10.4.1. 7 DOF Matlab Script Set Up 2
clc
clear
% Masses
m = 426;
mfL = 22;
mfR = 22;
mrL = 22;
mrR = 22;
% Main Vehicle Body
kfL = 18000;
kfR = 18000;
krL = 16000;
krR = 16000;
cfL = 1915;
cfR = 1915;
crL = 1612;
crR = 1612;
Ipitch = 730;
Iroll = 1400;
% Tyres
kufL = 18000;
kufR = 18000;
kurL = 16000;
kurR = 16000;
cufL = 120;
cufR = 120;
curL = 120;
curR = 120;

% Geometrical Variables
a = 1.099;
b = 1.344;
alpha = 0.8;
beta = 0.8;

% motec data for use in simulink
load setuponematfile.mat;
time = 1:1:647;
lataccel = G_Force_Lat.Value;
longaccel = G_Force_Long.Value;

[bookmark: _Toc90248506]10.4.2. 7 DOF Matlab Script Set Up 3
clc
clear

% Masses
m = 426;
mfL = 22;
mfR = 22;
mrL = 22;
mrR = 22;

% Main Vehicle Body
kfL = 23000;
kfR = 23000;
krL = 12000;
krR = 12000;
cfL = 1915;
cfR = 1915;
crL = 1612;
crR = 1612;
Ipitch = 730;
Iroll = 1400;

% Tyres
kufL = 23000;
kufR = 23000;
kurL = 12000;
kurR = 12000;
cufL = 120;
cufR = 120;
curL = 120;
curR = 120;

% Geometrical Variables
a = 1.099;
b = 1.344;
alpha = 0.8;
beta = 0.8;

% motec data for use in simulink
load setuponematfile.mat;
time = 1:1:647;
lataccel = G_Force_Lat.Value;
longaccel = G_Force_Long.Value;

[bookmark: _Toc90248507]10.5. Weight Transfer Spreadsheet
[image: Diagram

Description automatically generated with low confidence]
[bookmark: _Toc90248329]Figure 33: Spreadsheet that aided in the understanding of the roll centre position calculations.
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