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1. [bookmark: _Toc216023817]Introduction


In a motorsport vehicle the suspension does not create grip, but it controls how vertical load is shared between the tyres during braking, acceleration, cornering and over bumps. Changing spring and damper stiffness therefore alters body motion, transient load transfer and ride harshness, which in turn affect stability of the vehicle, confidence of the driver, and most importantly lap time. Modern race-car development relies heavily on simulations to predict these effects before committing to track tests.
This report uses two modelling approaches. First, a full vehicle model in VI-Grade CarRealTime represents a front-engine, front-wheel-drive hatchback running at Pembrey circuit. Spring and damper settings at each axle are varied, and the resulting chassis accelerations, pitch motion and front/rear tyre loads are evaluated together with the effect on lap time.
Second, a simplified four-degree-of-freedom half-car model is built in Simulink. It includes sprung-mass heave and pitch, front and rear unsprung masses, linear suspension springs and non-linear dampers. Tyres are represented only by linear vertical stiffness so that the ride and longitudinal load transfer can be studied in isolation under prescribed bump and acceleration inputs. The Simulink results are then compared with the VI-Grade simulation.
The overall aim of this report is to relate suspension setup changes to tyre load behaviour, handing and performance. The study examines how spring and damper stiffness influence pitch motion and dynamic loads in the VI-Grade model, and how well the simplified 4 DOF Simulink model can reproduce the trends.









2. [bookmark: _Toc216023818]Literature Review

Vertical tyre load is the key link between suspension motion and grip. Guiggiani notes that accelerations and aerodynamics change these loads “During vehicle motion, the vertical loads change whenever there are accelerations. In case of substantial aerodynamic vertical loads, the vehicle speed also affects the vertical loads” (Massimo Guiggiani, 2014) In longitudinal acceleration the driveline and sprung-mass inertia transfer between axles. This report examines how spring and damper settings influence that, and what quantity reaches the tyres.
Compression damping plays a key role. Whitehead explains low bump damping lets the suspension move freely, improving compliance but also allowing the body to overshoot during braking or bumps. As he states, “However, compression damping is necessary to stop overshoot of compression movement… to reduce dive and squat during braking and acceleration” (Bastow, Howard, Whitehead, 2004). Too little bump damping provides comfort but increased heave and pitch. Too much reduces dive and squat but also increases vertical acceleration and spikes in tyre load. This trade-off is exactly what the bump and acceleration simulations investigate.
Gillespie describes the same compromise via damping ratio. Around ten percent of critical, the sprung mass resonates strongly as the natural frequency and the car “float” over undulations. A typical road car uses roughly forty percent of critical damping, which limits motion but keeps decent compliance. At very high damping the suspension locks and wheel hop occurs: “to 200%, the damper becomes so stiff that the suspension no longer moves and the vehicle bounces on its tires, resonating in the 3-4 Hz range” (Thomas D Gillespie, 2021). These characteristics provide a framework for interpreting Simulink responses as under, near and overdamped.
Both Bastow et al. and Newey stress that springs alone cannot deliver acceptable ride: “An undamped spring will continue to oscillate after load input. If you twang the end of a ruler, for example, it will continue to oscillate for some time after the initial finger push.” (Adrian Newey, 2017). Dampers must absorb this motion and be tuned to spring rate and expected velocity. The non-linear force-velocity curves taken from VI-Grade, with softer force at low speed and stiffer at high speed, reflect common motorsport practice: compliance for small inputs and strong control for kerbs and braking.
Finally, Wang et al. present a four-degree-of-freedom vertical pitch model, like the Simulink half-car used here. With suitable tyre/damper data their simulated axle loads and body motions match test measurements, showing that a simple model can reproduce main trends in heave, pitch and tyre load, and justifying the use of the 4 DOF model alongside more accurate simulations. Results from Wang et al. can be seen in figure 1.
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Figure 1- Test vs simulation data (Fei Wang 1, Hansheng Wen 2 and SanshanXie 3)















3. [bookmark: _Toc216023819]VI-Grade Vehicle Model and Simulation Methods

[bookmark: _Toc216023820]3.1 Vehicle and Tyre Model
The full-vehicle simulations were carried out in VI-Grade CarRealTime using the example CompactCar model, representing a typical front-engine, front-wheel-drive hatchback. The model includes a multibody suspension system and built in PAC2002 Magic formula tyre file (CompactCar_pac2002_195_65R15.tir) for a 195/65 R15 road tyre. The tyre model provides non-linear, load-sensitive force-slip behaviour with a vertical stiffness of 200kN/m per wheel and a load range of 0.2-9.9kN. In this report the tyre model is left unchanged. 

[bookmark: _Toc216023821]3.2 Track and Manoeuvres
All circuit simulations use Pembrey as the reference track. The dynamic manoeuvres were conducted on an open flat test ground. Three main situations were considered:
· Flying lap at maximum performance of Pembrey
· A straight-line acceleration test, representative of a drag style launch
· A Slalom manoeuvre, consisting of a double lane change at 80KPH, maintaining constant speed.
These situations provide a wide range of dynamic conditions: combined braking and cornering on the lap of Pembrey, pure longitudinal load transfer in the acceleration test, and rapid changes to lateral loads in the Slalom test.












[bookmark: _Toc216023822]3.3 Suspension Setup Variation
The study does not change tyre properties, only front and rear spring and damper stiffness are varied in grouped test cases, summarised in table 1.

Table 1- Vehicle Setups for VI-Grade
	Test type
	Case/bias
	Spring scaling (front/rear)
	Damper scaling (front/rear)

	Pembrey- Springs only
	Global
	85%, 100%, 115%,130%, 150%
	100% (stock both)

	Pembrey- Dampers Only
	Global
	100% (stock)
	80%, 100%, 120%, 150%, 200%

	Pembrey- Combined
	Both axles stiff
	115%, 115%
	120%, 120%

	
	Both axles v. stiff
	200%, 200%
	250%, 250%

	
	Front biased stiff
	115% or 200% (front) 100% (rear)
	120% or 250% (front) 100% rear

	
	Rear biased stiff
	100% (front) 115% or 200% (rear)
	100% (front) 120% or 250% (rear)

	Acceleration - springs
	Global
	30%, 100%, 150%, 300%
	100% (stock both)

	Acceleration - dampers
	Global
	100% (stock both)
	30%, 100%, 150%, 300%

	Acceleration - combined
	Rear soft
	100% (front), 30% (rear)
	100% (front), 30% (rear)

	
	Rear V. stiff
	100% (front), 300% (rear)
	100% (front), 300% (rear

	
	Both v. stiff
	300%, 300%
	300%, 300%

	Slalom (double lane change)
	Stock
	100%, 100%
	100%, 100%

	
	Stiff
	150%, 150%
	150%, 150%

	
	V. stiff
	300%, 300%
	300%, 300%



In the results, attention is mainly on the stock, very soft and very stiff cases so that trends are clear without overcrowding the plots.






[bookmark: _Toc216023823]3.4 Logged Outputs and Processing Data
For each run, an identical set of signals was logged from the VI-Grade model:
· Time (t)
· Longitudinal, lateral and vertical chassis accelerations (g)
· Chassis pitch angle (Radians)
· Front and rear axle tyre forces (Newtons)
The data was exported to excel for post-processing. For each run, a relevant time window was chosen (e.g. a braking zone at Pembrey or acceleration launch) and time-history plots were created to compare stock and modified setups using a common time axis and colour scheme. The same channels were generated by the Simulink model so that the responses of both systems could be compared directly.
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[bookmark: _Toc216023825]4.1 Pembrey Springs Test
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Figure 2- Pembrey Lateral Acceleration, stock vs 150% Springs

Figure 2 shows lateral acceleration in a high-load corner at Pembrey for the stock springs and 150% spring stiffness (front and rear). The traces are almost identical, with peak values just over 1 g in both cases. This indicates that increasing overall spring stiffness has little effect on ultimate cornering capability.  Lateral grip is mainly set by the tyre force-slip characteristics and vertical load, which are unchanged here. The stiffer springs mainly influence the motion of the chassis and transient load transfer, rather than creating extra grip.









[bookmark: _Toc216023826] 4.2 Straight Line Acceleration Test
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Figures 3 a (longitudinal acceleration), b (chassis pitch) and c (tyre forces)



Figure 3a shows longitudinal acceleration in the straight-line test for soft (30%), stock, and stiff (300%) springs. Between 0.5-1s, the stock setup shows increased launch oscillations as traction builds, but during the main acceleration phase (1-2.5s), all three setups achieve a similar mean acceleration of 0.55-0.6g. The 30% setup shows increased fluctuations due to greater pitch motion, yet the average g level remains comparable to the stiffer setups. A small drop at 2.6s corresponds to the upshift. Gear changes occur at similar times across setups, with the soft case slightly delayed, due to reduced traction.
Figure 3b shows pitch response. Spring stiffness has a clear effect: 30% springs produce the largest nose-up and nose-down angles (-0.07 rad squat), stock lies between, and 300% springs keep the chassis flatter. This confirms that increasing spring stiffness reduces pitch motion.
Figure 3c compares front and rear axle tyre forces for stock and 300% spring setups. Mean loads are similar during steady acceleration, but around the 2.5-3s gearshift, the 300% setup shows sharper transients. When acceleration reduces for the upshift, load transfers forward; the stiffer setup responds more abruptly due to increased stiffness and natural frequency. This caused the front axle to peak higher and the rear to dip lower than stock. As drive is resumed, load reverses and the stiff setup overshoots again. Thus, increasing spring stiffness doesn’t alter mean longitudinal weight transfer (set by mass, CG, wheelbase)
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Figure 4- Chassis Longitudinal Acceleration, Pembrey

Figure 4 shows longitudinal acceleration over a braking-and-acceleration section at Pembrey for the stock car and 200% spring / 250% damper setup. Both traces follow the same three brake-accelerate events between 20 and 35s, with almost identical peak values: deceleration of about -0.5 to -0.6g and accelerations of around 0.25g.
The stiffer setup shows slightly earlier brake application and marginally deeper negative peaks, but the overall acceleration profile is unchanged. This indicates that total longitudinal load transfer is dictated by driver inputs and vehicle geometry; changing spring and damper stiffness mainly alters how the chassis and tyre loads respond to that same demand, rather than the demand itself.









[bookmark: _Toc216023828]4.4 Pembrey Chassis Pitch
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Figure 5- Chassis pitch – Pembrey

Figure 5 shows the chassis pitch angle over the same Pembrey section. Each brake-then-accelerate event generates a clear pitch response: the body squats under drive and dives under braking. With the stock setup these excursions are relatively large, reaching 0.02 rad, and some residual pitch remains between events.
When springs and dampers are stiffened to 200% and 250% the pitch motion is much smaller. Peak angles are roughly half of the stock case, and the chassis returns to a more neutral position faster. This matches the behaviour seen in the straight-line test: higher vertical stiffness and damping do not change the longitudinal load transfer, but they reduce the magnitude and duration of visible dive and squat by keeping the body tightly controlled.










[bookmark: _Toc216023829][image: A graph showing different types of tires

AI-generated content may be incorrect.]4.5 Pembrey Tyre Loads











Figure 6- Pembrey Tyre loads

Figure 6 shows the front and rear axle forces for the first major braking event of Figures 4 and 5 (zoomed to 20-24s). In both setups the front axle load rises and the rear load decreases under braking. Then, the load returns to a more even distribution as brake pressure is released and acceleration is reapplied. The overall load-transfer pattern is therefore similar for stock and stiff suspensions, as expected.
The 200% spring/ 250% damper setup, however, produces sharper transients. Under peak braking the stiff car’s front axle overshoots to a higher load (about 3.7-3.8Kn versus 2.6kN for stock), while the rear axle drops marginally lower. As the car exits the corner and load moves rearwards, the stiff rear axle also reaches a higher peak than the stock case. This reflects the increased pitch stiffness and natural frequency: the total longitudinal load transfer is unchanged, but with the stiffer suspension more of it appears as overshoots in the axle loads.
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Figure 7- Chassis vertical acceleration- Pembrey

Figure 7 shows chassis vertical acceleration over a bumpy section of the Pembrey lap for soft (80%) and stiff (200%) damper settings, with springs at baseline stiffness. In both cases the mean vertical level is similar, but the 200% dampers generate sharper peaks as the car hits the bumps around 20-21s and 28-29s. The 80% setup gives slightly lower peaks and a smoother response, with oscillations reducing at a slower rate.
This behaviour is typical: increasing damping reduces low-frequency chassis motion but transmits increased high-frequency content to the chassis, which the driver feels as a harsher ride. The damper change does not significantly alter the average tyre loading; it mainly affects how quickly load builds and decays as the wheels move over irregularities.








[bookmark: _Toc216023831]4.7 Slalom Lateral Acceleration
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Figure 8- Slalom constant velocity

Figure 8 shows lateral acceleration in the slalom at a constant 80km/h for the stock car and a very stiff setup (springs and dampers at 300%). Both traces follow the same sequence of lateral-g peaks as the car weaves through the cones, and the peak values are almost identical (around 0.9g)
The main difference is the transient shape. With 300% springs and dampers the lateral-g peaks are sharper and occur slightly earlier, whereas the stock car shows smoother, more rounded transitions between direction changes. This indicates that the stiff setup increases responsiveness and reduces body compliance in the slalom but does not drastically raise the steady-state lateral grip. The time histories just before 2s highlight this- the stiff setup turns in more abruptly, while the stock car responds more progressively to steering input.
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Table 2- Pembrey lap times for varied suspension setups
	Front Springs %
	Front Dampers %
	Rear Springs %
	Rear Dampers%
	Lap time (s)
	Gap to Stock (s)

	Stock (100%)
	Stock (100%)
	Stock (100%)
	Stock (100%)
	77.241
	0

	85%
	Stock (100%)
	85%
	Stock (100%
	77.321
	+0.08

	115%
	Stock (100%)
	115%
	Stock (100%)
	77.271
	+0.03

	130%
	Stock (100%)
	130%
	Stock (100%)
	77.241
	+0

	150%
	Stock (100%)
	150%
	Stock (100%)
	77.191
	-0.05

	Stock (100%)
	80%
	Stock (100%
	80%
	77.331
	+0.09

	Stock (100%)
	120%
	Stock (100%)
	120%
	77.231
	-0.01

	Stock (100%)
	150%
	Stock (100%
	150%
	77.291
	+0.05

	Stock (100%)
	200%
	Stock (100%)
	200%
	77.271
	+0.03

	115%
	120%
	Stock (100%)
	Stock (100%)
	77.221
	-0.02

	Stock (100%)
	Stock (100%)
	115%
	120%
	77.211
	-0.03

	115%
	120%
	115%
	120%
	77.191
	-0.05

	200%
	250%
	Stock (100%)
	Stock (100%)
	77.271
	+0.03

	Stock (100%)
	Stock (100%)
	200%
	250%
	76.911
	-0.33

	200%
	250%
	200%
	250%
	77.111
	-0.13



Table 2 shows that most suspension changes have only a small influence on lap time. Varying global spring stiffness alone increases the lap time at most by +0.08s over a 77s lap, and changing both dampers together between 80-200% has similarly small effects, with the softest 80% damper case being the slowest, with an increase of +0.09s.
The largest gain comes from biasing stiffness to the rear. The stock front, 200% springs and 250% damper setup is 0.33s faster than stock, which is faster than the fully stiff setup (200% springs 250% dampers front and rear) which was 0.13s faster than stock. Increasing rear roll stiffness increases rear load and decreases front load, reducing understeer and helping the car rotate with increased efficiency.
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Figure 9- Assignment brief model


[bookmark: _Toc216023834]5.1 4-DOF Half Car Model
This four-degree-of-freedom vertical-pitch model is used to predict body heave z, pitch Θ, and the front and rear unsprung vertical motions  and . From these states the suspension and tyre deflections can be computed, which allows the model to predict axle tyre loads and chassis response to specified road inputs. The model therefore provides a simple baseline that can be compared to the more detailed VI-Grade simulations
The 4-DOF half-car uses heave, pitch and front/rear unsprung motions as generalised coordinates:


Table 3 – Generalised coordinates
	Symbol
	Unit
	Description
	Positive direction

	
	M
	Sprung-mass heave
	Upwards

	
	Rad
	Body pitch angle
	Nose up

	
	M
	Front unsprung vertical displacement (wheel centre)
	Upwards

	
	m
	Rear unsprung vertical displacement (wheel centre)
	Upwards



Table 4 – Geometry
	Symbol
	Description

	a
	Distance from sprung-mass CG to front axle

	B
	Distance from CG to rear axle

	L = a + b
	Wheelbase



With this sign convention, a positive pitch angle  raises the CG at the rear axle and lowers it at the front axle

Using the coordinates above, suspension and tyre deflections are:
 , 


Table 5 – Spring, damper and tyre elements
	Element
	Description
	Deflection (compression +)
	Force expression

	
	Front suspension spring
	
	

	
	Rear suspension spring
	
	

	
	Front damper (linear/non-linear)
	
	or 

	
	Rear damper (linear/non-linear)
	
	or 

	
	Front tyre vertical stiffness
	
	

	
	Rear tyre vertical stiffness
	
	



Non-linear damper forces  and  are implemented in Simulink using lookup tables from the VI-Grade force-velocity data.





[bookmark: _Toc216023835]5.2 Equations of Motion


Equations of motion (4 DOF half-car)
 (E1)
 (E2)
 (E3)
(E4)
Table 6 - Parameters
	Symbol
	Meaning

	
	Sprung mass

	
	Front and rear unsprung masses

	
	Pitch moment of inertia about CG

	
	Front and rear suspension force

	,
	Front and rear tyre vertical force



· (E1) Heave driven by the sum of front and rear suspension forces acting on the chassis
· (E2) Pitch driven by the moments of those forces about the CG
· (E3-E4) Unsprung masses pulled upwards by the suspension and pushed down by the tyre reaction to the road surface

In Simulink, (E1)-(E4) are rearranged to solve for , ,  and ; these accelerations are integrated to obtain velocities and displacements


[bookmark: _Toc216023836]5.3 Assumptions
· The chassis is a ridged body with two vertical degrees of freedom, pitch and heave
· Vehicle roll is not considered 
· Suspension dampers are not linear, but springs are considered linear
· No bump stops in the dampers
· No kinematic anti- systems such as anti-dive or squat
· Tyres only act as linear vertical springs

[bookmark: _Toc216023837]5.4 Simulink Spring and Tyre Elements

Table 7 - Spring and tyre elements and their extensions (compressive positive)
	Element
	Description
	Extension (compression)
	Force (positive direction)

	
	Front suspension spring
	
	

	
	Rear suspension spring
	
	

	
	Front damper
	
	or 

	
	Rear damper
	
	or 

	
	Front tyre vertical stiffness
	
	

	
	Rear tyre vertical stiffness
	
	



Suspension forces are taken as positive upwards on the sprung mass; tyre forces are positive upwards on the unsprung masses.
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Figure 10 – Simulink Bump Test

Table 8 - 4 DOF bump-test response (Simulink)
	Quantity
	Max Value (time)
	Min Value (time)

	Body heave z [m]
	0.120 at 5.41s
	-0.0426 at 7.32s

	Body pitch  [rad]
	0.0729 at 6.40s
	-0.0693 at 4.41s

	Front unsprung [m]
	0.164 at 4.04s
	-0.0625 at 6.05s

	Rear unsprung [m]
	0.169 at 5.04s
	-0.0593 at 7.04s

	Front road input [m]
	0.1 at 4s
	0

	Rear road input [m]
	0.1 at 5s
	0

	Front tyre force [N]
	1.99x at 6.00s
	-2.00x at 4.00s

	Rear tyre force [N]
	1.96x at 7.00s
	-1.98x at 5.00s



For the 4-DOF Simulink bump test the responses (figure 10) are consistent with a 0.1m step input at each axle. When the rear wheel climbs the bump (5s) the body heaves up slightly above the road input and pitches nose down. As the front axle later leaves the bump the pitch reverses, giving the positive nose-up peak, followed by a slight rebound in heave as the chassis settles. The unsprung masses show wheel-hop behaviour, with wheel travel increasing to approximately 60-70% above the bump height. Using the specified tyre stiffness of 200kN/m, the peak tyre forces of order 2x N and the roughly symmetric compression/ rebound spikes are reasonable. Overall, the bump-test results indicate a lightly damped but realistic ride response.
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Figure 11 – Simulink tyre loads
Figure 12 – VI-Grade tyre loads

The Simulink tyre-load plots captured the trend seen in VI-Grade: rear load rises and front load falls under acceleration, and both respond at the same time as the gear shifts. However, the magnitudes and even the signs are not directly comparable.
In the 4-DOF model the tyre springs represent only the dynamic load about equilibrium, so the absolute normal forces are not realistic. VI-Grade instead reports total normal force, including static mass. For this reason, the Simulink tyre forces are used only to observe relative changes during acceleration, while VI-Grade data is used when absolute loads are required.







[bookmark: _Toc216023840]5.7 VI-Grade vs Simulink – Body Heave
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Figure 13 – Simulink body heave
Figure 14- VI-Grade body heave
For body heave, both models show similar timing but different magnitudes. In Simulink the body squats by about 8mm during launch, then holds a small squat until 3s before rising past 0 to a brief 4mm overshoot. VI-Grade shows the same sequence but amplified; squat builds to 35mm, remains almost constant from 1-2.7s, then rises  rapidly to 5mm before settling. The matching timing indicates that the 4-DOF model captures the main longitudinal load-transfer behaviour, but its mass and stiffness choices result in a less compliant chassis (25% motion of VI-Grade).
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Figure 15 – Simulink Pitch Angle
Figure 16 – VI-Grade Pitch Angle

Figures 15 and 16 compare pitch angle during straight-line acceleration in Simulink and VI-Grade. Both models show the expected rearwards pitch under power, roughly constant while the car accelerates, then a nose-down motion when the throttle is lifted around 2.6-2.8s. So, the timing and direction of the responses agree.
The main difference is the magnitude. The 4-DOF Simulink model reaches only 0.33 rad, whereas VI-Grade reaches 0.6 rad. This points to a scaling or unit issue in VI-Grade export and to the simplicity of the half-car model, which uses lumped mass and inertia. VI-Grade also shows small, fast fluctuations around gearshifts and lift-off from additional compliances that are not represented in Simulink. Overall, the 4-DOF model reproduces when and in which direction pitch occurs, but not the magnitude or the finer details of the full simulation.











6. [bookmark: _Toc216023843]Conclusion

This study utilised a detailed VI-Grade CarRealTime model and a simplified 4-DOF Simulink half-car model to investigate how suspension spring and damper settings affect vertical tyre loads, chassis motion and performance. VI-Grade simulations at Pembrey showed that large changes in global spring and damping levels altered lap times by only a few tenths of a second. Peak lateral and longitudinal accelerations remained similar across setups. The main impact of stiffer springs and dampers was not increased grip but improved chassis control- reduced pitch, heave and sharper transient tyre load variation during braking and over bumps. This aligns with literature by Bastow and Gillespie, who highlight the trade-off between chassis control and comfort.
The 4-DOF Simulink model produced realistic heave, pitch and tyre load responses under the specified bump input. Under acceleration, it replicated the direction and timing of VI-Grade responses- rear tyre loading, front unloading, squat, and heave recovery- but with reduced magnitudes and unrealistic forces. These discrepancies arise from assumptions such as linear vertical tyres, no roll, simplified mass, and tyre springs representing dynamic components. This matches findings from Wang et al., who noted that half-car models capture trends but need calibrating for accurate magnitudes.
Overall, this report shows how simulations can efficiently assess suspension changes and visualise trade-offs between comfort, control and tyre loadings. Further development could involve tuning the Simulink model to VI-Grade data by adding static loads and non-linear tyre curves and validating against track data.













7. [bookmark: _Toc216023844]Glossary
Coordinates and geometry
· Z [m] – body heave (up +)
·  [rad] – body pitch (nose up +)
·  [m] – front/rear unsprung positions (up +)
·  [m] – CG front/rear; wheelbase L = a+b
· Dots  - time derivative (velocity, acceleration)
Mass and inertia
·  [kg] – sprung mass (chassis)
·  [kg.] – pitch inertia about CG
·  [kg] – front/rear unsprung masses

Suspension
·  [N/m] – front/rear suspension spring stiffness
·  [N.s/m] – suspension damping (linear)
·  [N] – suspension damping (non linear)
·  [m] – suspension deflections;  [m/s] – deflection rates
·  [N] – suspension force on the chassis (up +)

Tyres
·  [N/m] – tyre vertical stiffness
·  [N.s/m] – tyre vertical damping
·  [m] – tyre vertical deflections;  [m/s] – rates
·  [N] – tyre vertical force on unsprung mass (up +)
·  [m] – road heights at front/rear contact patches

Convections and notes
· Upward +
· Per wheel VI – Grade damper tables: velocity in mm/s, force in N
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Figure 17 – Front damper lookup table
Figure 18 – Rear damper lookup table
Figures 17 and 18 show the lookup tables used in the Simulink model. The tables contain stock damper velocity data extracted from the CompactCar model from VI-Grade. Using non-linear damper data ensures increased accuracy when compared to the VI-Grade simulations. Non-linear damper is considered more accurate, as the shape of the curve allows for varied stiffness in compression and rebound, depending on the load applied to the system.
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AI-generated content may be incorrect.]Table 9 – Front Spring Setup Variations
Figure 19 – Front spring stiffness setups

Figure 19, 20 and table 9 and 10 show the setups generated for the VI-Grade investigations. Spring stiffness was gathered by multiplying a certain percentage to the stock setup, providing softer (85%), stiff(130%) and very stiff (300%) setups. It was decided to focus on stiffer setups as the stock hatchback suspension was not designed for performance. A typical road vehicle designs suspension for comfort, not handing ability. The stiffness of the suspension was increased to try and replicate a performance suspension system.																																			
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Figure 20 – Rear spring stiffness setups












Table 11 – Damper Stiffness Variation
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Table 12 – Damper Stiffness Variation
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	Figure 22 – Rear damper stiffness setups

Tables 12,11 and figures 21 and 22 show the varied setups for the dampers used in VI-Grade. 
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Figure 23 shows the initial 2-DOF model that was created to gain understanding of how the system works, and how adjusting parameters impacted outcomes. This model was perfected and used to assist in building the 4-DOF model.
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Figure 24 shows the 4-DOF model used alongside the VI-Grade simulations. The model contains systems for ZF, ZR, Z, I and bump/acceleration inputs
2
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