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1.0. [bookmark: _Toc102461862]Introduction
As the automotive and transport sectors evolve through time, the approach to develop new systems and increase the performance of existing components has changed dramatically. In the modern era of engineering simulation techniques have become paramount in the product design process and performance analysis. These simulations techniques allow engineers to analyse the likely performance of a system or component without undergoing a time consuming and often expensive physical experiment. This implementation of simulation techniques often results in a more streamlined and less time intensive design or system set up process to be achieved.  (Hindsbo, 2018)
This report will focus on the optimisation of a vehicle suspension system through simulation software. The software chosen to aid in the simulation process of the vehicle set up in this case was chosen to be the Car Real Time Simulator developed by VI-Grade. This software was chosen as it allows for a multibody simulation of the dynamic response of vehicles being subjected to specific manoeuvres dictated by the operator. (VI-Grade, 2020) This allows the response of a vehicle to be predicted analysed in depth. This approach to vehicle dynamic response analyse allows vehicle designers to predict the response of a vehicle with various set up configurations without the laborious process of manually adjusting the vehicle’s configuration and a time-consuming testing process to reach the desired results.
The parameters chosen to optimise the vehicle set up in this case are the spring rate of the front and rear suspension systems, the damping  rate at each corner of the vehicle, and the anti-roll bar stiffness. To determine the ideal set up, the vehicle will be subjected to a common dynamic manoeuvre used to determine the performance of a vehicle and the outlined parameters adjusted until the most appropriate vehicle response is reached. The vehicle used throughout the simulation and optimisation process will be a common sedan type vehicle already existing within the VI-Grade software. The reason for this is due to the vehicle type being an extremely common feature on roads within the UK and the need for these types of vehicles to be as comfortable as possible whilst maintaining the required performance characteristics to function safely in varying conditions. (Toogood, 2021)


[bookmark: _Toc102461863]2.0. Methodology
To optimise the suspension set up of a typical sedan type vehicle, various combinations of the parameters outlined in the previous section should be simulated and the performance of which compared and analysed. This will allow the best combination of spring rates, damping rates, and anti-roll bar stiffnesses to be determined for the vehicle’s specific application. To allow the determination of the ideal set up to be determined in a suitable amount of simulation runs, a Box Behnken type design will be used. 
[bookmark: _Toc102461864]2.1. Design of Experiment – DOE (Box Behnken)
A Box Behnken experimental methodology is a design of experiment technique developed by  George Box and Donald Behnken in 1960 and if applied correctly allows an experiment to be completed in a more efficient manner. (Anup K.Das, 2018)  This is because a Box Behnken experimental design will set up an experiment which allows the effect of multiple variables to be determined an analysed. This is achieved by determining the upper and lower limits of the variables which are to be investigated and monitoring the effect of various combinations of values within these limits. The software package chosen to design an experiment which maps the effect of various suspension characteristics was chosen to be the Design Expert software available from Stat-Ease.
Applying this DOE process to an experiment such as the one outlined throughout this report will, allow the amount of simulation runs needed to yield the necessary results to be vastly reduced. This will in turn reduce the computational effort and time required to complete the necessary analysis. (National Institute of Standards and Technology, US, 2022)
[bookmark: _Toc102461865]2.2. Specific Experimental Design
In the case of the experiment to be performed to optimise the suspension set up of a common sedan type vehicle, the specific variables to be investigated are listed below.
· Front spring rate.
· Rear spring rate.
· Front damping rate.
· Rear damping rate.
· Front anti-roll bar stiffness.
· Rear anti-roll bar stiffness.
The response of the vehicle with various combinations of the listed variables will be determined through various metrics. The metrics in which vehicle permeance will be determined are listed below.
· Manoeuvre completion time.
· Maximum velocity achieved throughout the manoeuvre.
· Maximum lateral acceleration of the vehicle.
·  Maximum longitudinal acceleration of the vehicle.
· Maximum steering angle needed to complete the manoeuvre.
· Vertical tyre loadings throughout the manoeuvre. 
These metrics were chosen as part of the analysis because it was thought that they would allow the performance of the vehicle regarding occupant comfort and overall vehicle response throughout the manoeuvre to be determined and analysed. It should be noted the dynamic manoeuvre chosen for the investigation in this case is a 7-cone slalom that takes place over a distance of 30.5 metres. This manoeuvre was chosen as completing a manoeuvre such as this will produce relatively large lateral accelerations which could result in large amount of vehicle roll and a degree of pitching around the vehicles centre of gravity. (S.Rakheja, 2000) This is usually an unwanted response of a vehicle when subjecting to steering inputs. Reducing these accelerations when the vehicle is subjected to an extreme dynamic manoeuvre such as a slalom should result in a more comfortable ride for its occupants when utilised for its specific application. As well as this the completion time and maximum velocity reached are to be analysed to ensure the performance of the vehicle has not been comprised too much when determining the ideal set up for occupant comfort. It is also worth noted that the vehicle’s entrance speed to the manoeuvre and the initial selected gear remains constant regardless of the variable combination being analysed. The upper and lower limits of the variables chosen to optimise are listed below in Table 1.
	Component
	Upper Limit
	Lower Limit

	Front Spring Rate (N/mm)
	100
	50

	Rear Spring Rate (N/mm)
	70
	10

	Front Damping Rate (Ns/m)
	9000
	2000

	Rear Damping Rate (Ns/m)
	5000
	100

	Front Anti Roll Bar Stiffness (N/mm)
	75
	5

	Rear Anti Roll Bar Stiffness (N/mm)
	25
	5


[bookmark: _Toc102405134]Table 1: Table displaying the upper and lower limits of the variables chosen for optimisation.

These variables along with the upper and lower limits were then entered into the Design Expert software aforementioned to allow the experimental procedure to be designed and determined. The designed experimental procedure is shown below in Table 2. 
 [image: ]
[bookmark: _Toc102405135]Table 2: Table displaying the variables to be used in each simulation.
[bookmark: _Toc102461866]3.0. Simulation Results
To allow for a comparison and performance analysis of the sedan type vehicle after optimisation of the variable outlined in the previous sections, a simulation run was completed using the default setting provided by the VI-Grade software. The results gathered from the default setting run and the results gathered from the optimisation experiment are displayed in the table below.
	Run
	Spring Rate (Front)
	Damping rate (Front)
	Anti-Roll spring rate (Front)
	Spring Rate (Rear)
	Damp Rate (Rear)
	Anti-Roll spring rate (Rear)
	Lateral Accel
	Long Accel
	Completion Time
	Max Speed
	Steering  Input max

	
	N/mm
	Ns/m
	N/mm
	N/mm
	Ns/m
	N/mm
	m/s^2
	m/s^2
	s
	km/h
	Degrees

	Default
	75
	3000
	41
	39.54
	1500
	11.36
	8.93
	1.28
	11.3
	89.57
	280.8791

	1
	75
	9000
	75
	40
	5000
	15
	8.7309
	1.1772
	11.29
	89.47
	250.0317

	2
	75
	2000
	40
	40
	5000
	25
	9.2214
	3.0411
	11.08
	92.39
	193.3884

	3
	100
	5500
	40
	70
	100
	15
	9.3195
	2.4525
	11.1
	91.49
	216.2746

	4
	75
	5500
	40
	40
	2550
	15
	8.829
	1.2753
	11.29
	87.51
	245.4545

	5
	100
	5500
	5
	40
	2550
	25
	8.829
	1.5696
	11.26
	89.61
	213.9860

	6
	75
	5500
	75
	70
	2550
	25
	9.0252
	1.3734
	11.05
	91.42
	222.5683

	[bookmark: _Hlk102387586]7
	75
	5500
	75
	10
	2550
	5
	8.3385
	1.4715
	11.8
	85.5
	346.1538

	8
	75
	2000
	75
	40
	5000
	15
	8.7309
	1.1772
	11.29
	89.51
	244.3102

	9
	100
	5500
	40
	10
	5000
	15
	8.9271
	1.3734
	11.26
	89.61
	222.5683

	10
	75
	5500
	40
	40
	2550
	15
	8.829
	1.2753
	11.29
	89.51
	245.4545

	11
	100
	9000
	40
	10
	2550
	15
	8.4366
	1.2753
	11.53
	87.52
	282.0724

	12
	50
	5500
	75
	40
	2550
	25
	9.0252
	1.7658
	11.1
	91.18
	258.6141

	13
	75
	5500
	5
	10
	2550
	25
	8.829
	1.4715
	11.26
	89.65
	209.9809

	14
	50
	5500
	40
	10
	100
	15
	8.5347
	1.2753
	11.54
	87.5
	291.2269

	15
	75
	2000
	40
	40
	100
	5
	8.9271
	1.1772
	11.54
	87.68
	272.3458

	16
	100
	5500
	40
	70
	5000
	15
	9.0252
	2.4525
	11.09
	91.55
	202.5429

	17
	50
	2000
	40
	10
	2550
	15
	9.3195
	3.2373
	11.08
	92.54
	190.5276

	18
	75
	5500
	5
	70
	2550
	5
	9.0252
	3.2373
	11.28
	90.57
	346.1538

	19
	75
	2000
	5
	40
	100
	15
	9.2214
	1.4715
	11.5
	87.79
	230.0063

	[bookmark: _Hlk102387780]20
	100
	5500
	5
	40
	2550
	5
	9.4176
	3.5316
	11.34
	90.16
	346.7260

	21
	50
	9000
	40
	70
	2550
	15
	9.2214
	3.2373
	11.08
	92.47
	311.8245

	22
	100
	5500
	75
	40
	2550
	25
	9.2214
	1.6677
	11.1
	91.13
	264.3356

	23
	75
	5500
	5
	70
	2550
	25
	8.9271
	1.5696
	11.48
	87.71
	234.5835

	24
	50
	5500
	75
	40
	2550
	5
	8.5347
	1.2753
	11.54
	87.56
	277.4952

	25
	75
	5500
	40
	40
	2550
	15
	8.829
	2.2563
	12.01
	89.51
	645.9631

	26
	75
	9000
	5
	40
	5000
	15
	8.7309
	1.5696
	11.80
	89.67
	644.2466

	27
	75
	9000
	40
	40
	5000
	25
	9.2214
	2.4525
	11.82
	91.56
	633.9478

	28
	75
	9000
	40
	40
	5000
	5
	8.9271
	1.5696
	12.01
	89.35
	648.8239

	29
	50
	2000
	40
	70
	2550
	15
	9.2214
	3.3354
	11.98
	92.31
	633.9478

	30
	50
	5500
	5
	40
	2550
	25
	8.5347
	1.5696
	11.77
	87.78
	656.8340

	[bookmark: _Hlk102387836]31
	50
	9000
	40
	10
	2550
	15
	8.829
	1.5696
	12.52
	89.34
	648.8239

	32
	75
	9000
	40
	40
	100
	25
	9.4176
	3.1392
	12.01
	92.45
	633.9478

	33
	75
	2000
	40
	40
	100
	25
	9.4176
	3.1392
	11.98
	92.41
	634.5200

	34
	100
	2000
	40
	70
	2550
	15
	9.3195
	2.5506
	12.01
	91.61
	634.5200

	35
	75
	2000
	75
	40
	100
	15
	8.7309
	1.2753
	12.25
	89.5
	646.5352

	36
	75
	5500
	40
	40
	2550
	15
	8.829
	1.2753
	10.76
	89.51
	645.9631

	37
	100
	5500
	75
	40
	2550
	5
	8.5347
	1.2753
	10.92
	87.52
	660.2670

	38
	75
	5500
	40
	40
	2550
	15
	8.829
	1.2753
	11.2
	89.5
	645.9631

	39
	100
	9000
	40
	70
	2550
	15
	9.2214
	2.4525
	11.2
	91.51
	634.5200

	40
	75
	9000
	5
	40
	100
	15
	9.4176
	3.1392
	10.75
	90.58
	645.9631

	[bookmark: _Hlk102387746]41
	75
	9000
	75
	40
	100
	15
	8.7309
	1.2753
	10.74
	89.46
	646.5352

	42
	50
	5500
	40
	70
	100
	15
	9.4176
	3.1392
	10.94
	92.56
	633.9478

	43
	75
	5500
	5
	10
	2550
	5
	8.829
	1.6677
	11.16
	87.66
	662.5556

	44
	50
	5500
	40
	70
	5000
	15
	9.2214
	3.2373
	11
	92.44
	633.3757

	45
	75
	2000
	5
	40
	5000
	15
	8.9271
	3.2373
	10.74
	90.48
	644.8188

	46
	75
	9000
	40
	40
	100
	5
	9.0252
	1.2753
	10.76
	87.59
	657.4062

	47
	75
	5500
	75
	70
	2550
	5
	8.7309
	1.2753
	11.14
	89.49
	632.8035

	48
	100
	5500
	40
	10
	100
	15
	8.5347
	1.2753
	11.2
	87.46
	678.5759

	49
	75
	5500
	75
	10
	2550
	25
	8.6328
	1.1772
	11.76
	89.48
	665.4164

	50
	100
	2000
	40
	10
	2550
	15
	8.3385
	1.2753
	11.25
	87.56
	634.5200

	51
	75
	2000
	40
	40
	5000
	5
	8.9271
	1.5696
	11.78
	89.43
	662.5556

	52
	50
	5500
	40
	10
	5000
	15
	8.7309
	1.1772
	11.29
	89.59
	667.1328

	53
	50
	5500
	5
	40
	2550
	5
	8.6328
	1.5696
	11.97
	87.84
	631.0870


[bookmark: _Toc102405136]`Table 3: Table displaying the results from the default settings simulation run. (Results in red)
[bookmark: _Toc102461867]4.0. Vehicle Optimisation & Performance Analysis/Comparison
To optimise the sedan type vehicle’s suspension settings the settings which produced the best and worst results must first be analysed to determine why the vehicle is responding in the way the results dictate.
	[bookmark: _Hlk102398021]
	Lat Acceleration (m/s^2)
	Long Acceleration (m/s^2)
	Time Taken (s)
	Max Velocity (km/h)
	Max Steering Input (Degrees)

	Min
	8.3385 
(Run 7)
	1.1772 
(Run8)
	10.74 (Run 41)
	85.5
(Run 7)
	190.5276
(Run 17)

	Max
	9.4176
(Run 20)
	3.5316
(Run 20)

	12.52
(Run 31)
	92.56
(Run 42)
	678.5759
(Run 48)


[bookmark: _Toc102405137]Table 4: Table displaying the minimum and maximum value of the chosen metrics for optimisation as well as the simulation run in which it was achieved.
	Run
	Spring Rate (Front)
	Damping rate (Front)
	Anti-Roll spring rate (Front)
	Spring Rate (Rear)
	Damp Rate (Rear)
	Anti-Roll spring rate 

	#
	N/mm
	Ns/m
	N/mm
	Ns/m
	N/mm
	N/mm

	Run 7
	75
	5500
	75
	10
	2550
	5

	Run 8
	75
	2000
	75
	40
	5000
	15

	Run 17
	50
	2000
	40
	10
	2550
	15

	Run 41
	75
	9000
	75
	40
	100
	15

	Run 20
	100
	5500
	5
	40
	2550
	5

	Run 31
	50
	9000
	40
	10
	2550
	15

	Run 42
	50
	5500
	40
	70
	100
	15

	Run 48
	100
	5500
	40
	10
	100
	15


[bookmark: _Toc102405138]Table 5: Table Displaying the setting used to produce the MIN & MAX values displayed in Table 4. (Red=Undesirable response, Green = Desirable response, Orange = Mixed response.)
It is evident from the above tables that adjusting the outlined variables can have a dramatic effect on vehicle response. It is shown in the above tables that the settings used during Run 20 would result in the vehicle producing the greatest amount of lateral & longitudinal acceleration recorded throughout the experiment. This is to be expected as the there is a large spring rate seen in the front suspension with a relatively high value for spring rate seen in the rear suspension. As well as this, although there is a moderate amount of damping  present within the front and rear suspension systems, the small amount of stiffness present within the front and rear anti-roll bars exacerbates the amount of lateral acceleration experienced by the vehicle. (Sachin Sunil Kelkar, 2021) This is an unwanted phenomenon in automotive vehicle development as it will likely result in an exaggerated amount of vehicle roll which could cause the occupants of the vehicle to experience a reduced level of comfort during vehicle operation. (BlueStar Inspections, 2022) This is likely caused by the inconsistency of the settings used at the front and rear of the vehicle. It is shown that there is a high spring rate coupled with a large amount of damping present in the front suspension, but a small amount of damping coupled with a relatively low spring rate present in the rear suspension system. (Bangji Zhang, 2016)
As aforementioned, this inconsistency throughout the suspension systems will result is a vehicle with unfamiliar handling characteristics with poor control. It is also evident from analysis of the above tables that run 31 produced the slowest manoeuvre completion time. This is likely due to the small spring rate coupled with a moderate amount of damping seen in the rear suspension. This would cause a slow reaction time in the rear suspension and result in the rear of the vehicle feeling relatively soft. (Chua, 2019) From this, the vehicle would be quite difficult to control when subjected to a side to side loading present when completing a dynamic manoeuvre such as a slalom course. It is also shown that the amount of steering angle needed to complete the manoeuvre when utilising the settings used in run 48 is quite extreme. This would be an unwanted feature in road vehicles as the extreme amount of steering input needed to complete the manoeuvre would be difficult for most vehicle operators to achieve. (Moltke, 2022)
 It is shown that the settings used throughout  run 8 would reduce the amount of longitudinal acceleration experienced by the vehicle. This would be desirable in a vehicle development aspect as the reduced amount of longitudinal acceleration will likely result in a reduced pitching moment around the vehicles centre of gravity. This would increase the vehicles occupant comfort characteristics. The reason for this reduced longitudinal acceleration seen when utilising the setting used throughout run 8 is due to the moderate spring rates within the front and rear suspension systems coupled with a relatively large amount of damping. This increased damping force present within the suspension systems would slow the pitching movement of the vehicle down. Therefore a reduction in the number of oscillations of the suspension systems will increase the speed in which the coupled systems return to rest and increase the driveability of the vehicle. (Dixon, 2007) It is evident from Tables 4 & 5 that the setting used during run 41 results in the vehicle completing the manoeuvre in the least amount t of time. This is due to the high level of stiffness seen throughout the vehicle due to the high spring rates seen in the front and rear suspension systems coupled with the large amount of stiffness present within the anti-roll bars. (Time Attack LTD, 2014) Although the settings outlined in Table 5 allow the vehicle to complete the manoeuvre in the least amount of time, this is not necessarily a necessary feature needed for a road going vehicle such as the one being analysed. This is because a vehicle with high levels of stiffness can feel harsh to its occupants and subsequently reduce the amount of comfort experienced. 
 It is apparent from table 5 that the settings utilised during run 7 resulted in the vehicle experiencing the least amount of lateral acceleration seen throughout the entirety of the experiment. This will in turn reduce the amount of vehicle roll around its roll centre and result in a comfortable ride. However, it should be noted that although the lateral acceleration seen from the vehicle was reduced, the settings used for run 7 also resulted in the vehicle producing the slowest maximum velocity seen throughout the experiment. Although this is not necessarily the most relevant metric when it comes to optimising a road going vehicles suspension settings, a reduction in velocity of over 7 km/h over a distance of only 30.5 meters is relatively significant. This relatively low maximum velocity is likely due to the softness of the rear suspension spring coupled with the small amount of stiffness seen in the rear anti roll bar. This softness experienced in the rear of the vehicle will result in the vehicle taking more time to return to its resting position after being subjected to a lateral or longitudinal acceleration. This will in turn result in an inconstant feeling when competing dynamic manoeuvres and likely result in a reduced maximum velocity experienced during the manoeuvre. (Time Attack LTD, 2014) It should also be noted the settings utilised during run 8 allows the vehicle to reach a maximum velocity of 89.51 km/h as well as producing the least amount of longitudinal acceleration. Based on this and analysis of the results shown above, it is the opinion of the author that the most optimum settings lie in between the settings used for runs 7 & 8. 
	[bookmark: _Hlk102409943]Run
	Spring Rate (Front)
	Damping rate (Front)
	Anti-Roll spring rate (Front)
	Spring Rate (Rear)
	Damp Rate (Rear)
	Anti-Roll spring rate (Rear)

	#
	N/mm
	Ns/m
	N/mm
	Ns/m
	N/mm
	N/mm

	Run 7
	75
	5500
	75
	10
	2550
	5

	Run 8
	75
	2000
	75
	40
	5000
	15

	Optimum 
	75
	3750
	75
	25
	3775
	10


[bookmark: _Toc102405139]Table 6: Table displaying the optimised suspension system values.
It is shown in Table 6 that the values used from run 7 & 8 which produced the most desirable results have been used to determine the optimum suspension settings for the sedan type vehicle. The results from a simulation run utilising these optimum settings are shown below and compared to that of the run using the default settings provided by VI-Grade.
	
	Lat Acceleration (m/s^2)
	Long Acceleration (m/s^2)
	Time Taken (s)
	Max Velocity (km/h)
	Max Steering Input (Degrees)

	Default 
	8.93
	1.28
	11.3
	89.57
	280.8791

	Optimised 
	8.39
	1.21
	11.04
	89.42
	226.6759


[bookmark: _Toc102405140]Table 7: Table comparing results from the default run to a run utilising the optimised suspension setting.
Although other set ups have yielded more desirable results for certain metrics, it is evident from analysis of the above table that compromising slightly on the performance of these metrics allows for a more well-rounded vehicle set up. It is shown in the above table that there has been an improvement in the performance of the vehicle in most of the metrics analysed with the only exception being a slightly reduced maximum velocity during the dynamic manoeuvre . From this, it is evident that when the sedan type vehicle is set up with the optimised suspension settings shown in table 6, the result is a vehicle with superior comfort and better performance in most metrics analysed.
[bookmark: _Toc102461868]4.1. Tyre Response Modelling
Although the tyres being used throughout the experiment and optimisation process remains constant, a Pajeka tyre curve was generated for the default run and the run utilising the optimum setting outlined in table 6. This is to allow for an analysis into the loading characteristics seen in the tyres with various suspension settings. A Pajeka tyre model allows for an analysis into the vertical load experienced in the tyre, the slip angle or slip ratio, and the output of force from the tyre at varying camber inclinations. (Pacejka, 1987) However developing a Pajeka model for tyres can often prove to be extremely difficult as many difficult to obtain variables are necessary to reach useable accurate results. These variables include tyre stiffness, rolling resistance, camber, and various coefficients which require applying iterative equations to reach the value. (Noble, 2022) It is apparent from this that modelling the response of a tyre can be a relatively difficult and laborious process, and due to this it would be better determined through computational methods rather than classic mathematical modelling techniques. Due to this, it was thought prudent to use the default tyre available through the VI-Grade software as the required variables are programmed into the software. This will allow for an analysis into the loading characteristics experienced when utilising the suspension setting outlined in the previous section. The results generated from this tyre testing are displayed below in Table 8.
	Tyre & Setup
	Max Vertical Load
	Max Self-Aligning Torque 

	Front Left
	5600 N
	200 Nm

	Rear Left
(Default)
	6200 N
	120 Nm

	Front Right
(Default)
	5600 N
	200 Nm

	Rear Right
(Default)
	6200 N
	120 Nm

	Front Left (Optimised)
	4800 N
	160 Nm

	Rear Left
(Optimised)
	5400 N
	100 Nm

	Front Right
(Optimised)
	4800 N
	160 Nm

	Rear Right
(Optimised)
	5400 N
	100 Nm


[bookmark: _Toc102405141]Table 8: Table displaying the maximum vertical load and maximum self-aligning torque seen in the default and optimised runs.
It is evident from analysis of Table 8 that the maximum vertical loads experienced in the tyres have been reduced when implementing the optimised suspension settings outlined in previous sections. This is due to there being less load transfer and therefore less weight and subsequently a reduced vertical load being transferred into the tyre during the dynamic manoeuvre. This results in a reduced self-aligning torque experienced in the wheels and therefore a reduction in force seen at the steering wheel occurs as a result. This subsequently results in a more comfortable driving experience. (Mike Blundell, 2015)




















[bookmark: _Toc102461869]5.0 Conclusion
It has been shown throughout this report that altering the suspension setting can have a dramatic effect on a vehicle’s response to a dynamic manoeuvres such as a slalom. This was discovered by applying a Box Behnken design of experiment approach to determining an ideal suspension set up for a common sedan type vehicle. To establish the most optimum setting, a simulation was set up to allow a simulated vehicle to negotiate a dynamic manoeuvre with various suspension set ups. The software chosen to complete these simulations had a common sedan type vehicle already built into the software. This allowed for easy adjustment of the settings being investigated and helped streamline the experimental process. It was found that the optimum setting was a mixture of some of the settings used within two of the simulation runs. The results gathered from the simulation utilising the determined optimum settings was then compared to that of a run utilising the default settings provided by the modelling software. It was found that these optimum setting resulted in an improvement in the majority of the metrics chosen for analysis. As well as this, the vertical loads and self-aligning torque seen at the vehicles wheels was also analysed when completing a slalom manoeuvre with the ideal set up and the default set up. The results of which were then compared. It was shown that the simulation where the ideal settings were used seen an improvement in each metric chosen for analysis. To allow for a more in-depth analysis and a better optimisation of the vehicle’s suspension system, it would be prudent to perform a different dynamic manoeuvre to determine if the ideal set up for a slalom manoeuvre would also be the ideal set up for other scenarios.
The most optimum suspension system settings found throughout the experiment are as follows.
· Spring rate of the front suspension – 75 N/mm
· Damping rate of the front suspension – 3750 Ns/m
· Spring rate of the front anti-roll bar – 75 N/mm
· Spring rate of the rear suspension – 25 N/mm
· Damping rate of the rear suspension – 3775 Ns/m
· Spring rate of the rear anti-roll bar – 10 N/mm
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Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Run

A:Spring Rate 

(Front)

B:Damping rate 

(Front)

C:Anti Roll spring 

rate (Front)

D:Spring Rate 

(Rear)

E:Damping Rate 

(Rear)

F:Anti Roll spring 

rate (Rear)

N/mm Ns/m N/mm N/mm Ns/m N/mm

1 75 9000 75 40 5000 15

2 75 2000 40 40 5000 25

3 100 5500 40 70 100 15

4 75 5500 40 40 2550 15

5 100 5500 5 40 2550 25

6 75 5500 75 70 2550 25

7 75 5500 75 10 2550 5

8 75 2000 75 40 5000 15

9 100 5500 40 10 5000 15

10 75 5500 40 40 2550 15

11 100 9000 40 10 2550 15

12 50 5500 75 40 2550 25

13 75 5500 5 10 2550 25

14 50 5500 40 10 100 15

15 75 2000 40 40 100 5

16 100 5500 40 70 5000 15

17 50 2000 40 10 2550 15

18 75 5500 5 70 2550 5

19 75 2000 5 40 100 15

20 100 5500 5 40 2550 5

21 50 9000 40 70 2550 15

22 100 5500 75 40 2550 25

23 75 5500 5 70 2550 25

24 50 5500 75 40 2550 5

25 75 5500 40 40 2550 15

26 75 9000 5 40 5000 15

27 75 9000 40 40 5000 25

28 75 9000 40 40 5000 5

29 50 2000 40 70 2550 15

30 50 5500 5 40 2550 25

31 50 9000 40 10 2550 15

32 75 9000 40 40 100 25

33 75 2000 40 40 100 25

34 100 2000 40 70 2550 15

35 75 2000 75 40 100 15

36 75 5500 40 40 2550 15

37 100 5500 75 40 2550 5

38 75 5500 40 40 2550 15

39 100 9000 40 70 2550 15

40 75 9000 5 40 100 15

41 75 9000 75 40 100 15

42 50 5500 40 70 100 15

43 75 5500 5 10 2550 5

44 50 5500 40 70 5000 15

45 75 2000 5 40 5000 15

46 75 9000 40 40 100 5

47 75 5500 75 70 2550 5

48 100 5500 40 10 100 15

49 75 5500 75 10 2550 25

50 100 2000 40 10 2550 15

51 75 2000 40 40 5000 5

52 50 5500 40 10 5000 15

53 50 5500 5 40 2550 5
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