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Abstract 

Vehicle suspension system plays important role in maintaining constant contact 

of the wheels with the ground, as well as isolating the occupants from vibrations 

from uneven road surfaces such as bumps, humps and potholes. The most 

common suspension system in passenger vehicle today is the passive type 

suspension which operating without providing any external energy to the system, 

hence it is called passive. The research advancement leads to the invention of 

semi-active and active suspension which requires external source for control. The 

objective of this paper is to evaluate the performance of passive and semi-active 

vehicle suspension system with various control strategy and recommend a 

modified control strategy for vehicle semi-active suspension system. The vehicle 

quarter model was used for suspension mathematical modelling and the 

suspension system performance of sprung mass acceleration and un-sprung mass 

displacement were simulated by considering various semi-active control strategy.  

Three control strategies of Sky-hook, Ground-hook and Modified sky-hook 

control were applied to the simulation. For Sky-hook and Ground-hook, the gain 

variable was varied by considering the values of 1000, 3000 and 5000. For 

modified Sky-hook model, the gain of 3000 were considered by changing the 

control variable values to 0, 0.25, 0.5, 0.75 and 1. The findings suggest that the 

semi-active suspension outperforms a passive suspension system. The Sky-hook 

control strategy was more desirable towards increasing comfort at the sacrifice 

of handling performance, whereas the Ground-hook control strategy increases the 

handling performance at the sacrifice of comfort. The modified skyhook control 

strategy combines both of the control logics into one and the gain value of 0.5 

was found to produce the best results both in increasing the comfort and the 

suspension handling performance.   

Keywords: Ground-hook, Semi-active suspension system, Sky-hook, Vehicle 

suspension model. 



Modelling and Simulation of Semi-Active Suspension System for . . . . 105 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2018 

 

1.  Introduction 

The suspension system of a car is responsible for maintaining constant contact and 

traction between the tires and the road surface while simultaneously isolating its 

passenger for vibration caused by the road surface as a result of irregularities like 

potholes, speed bumps and uneven road surfaces. From passive type to active 

suspension system, the system is keep on having improvement in term of control and 

mechanism in order to limit the trade-off between comfort and performance in vehicle 

design. Figure 1 indicate the correlation of ride comfort and vehicle stability of 

vehicle due to low damping and high damping condition. Higher damping will 

provide better stability but compromise the ride comfort of the vehicle and vice versa. 

 

Fig. 1. Vehicle suspension compromise  

of between ride comfort and stability [1]. 

The most common suspension setup found in vehicles today is the passive 

suspension system where it is made up of a spring and damper [2]. The spring and 

damper are selected based on the design of the vehicle, if it is to be performance 

oriented or more focused towards comfort. Besides the common conventional 

passive suspension, there are also other suspension systems that can be found in 

more top of the range vehicles such as the active suspension system. The active 

suspension system can then be further broken down into a fully active suspension 

system and a semi active suspension system  

A fully active suspension system has a force actuator, which can be hydraulic 

[3] or all air systems [4] in place of a hydraulic damper like the passive suspension 

system. This force actuator is actively controlled based on the input of the system, 

which allows for the damping of the system to be varied continuously and actively. 

However, there are drawback of this suspension system that stops it from being 

implemented in most production vehicles. This system is heavy, complex, and 

expensive with high maintenance. Due to these reasons, this type of suspension 

setup is only found in top of the range models in luxurious car brands. 

A semi active suspension system on the other hand, replaces the hydraulic 

damper with a semi active damper. A semi active damper is capable of changing 
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its damping ratio with simple control systems in place based on the inputs     

received [5]. A semi active damper achieves this by either mechanically changing 

its orifices or by using fluid which can change its viscosity. An example of this 

fluid which has been commonly been used in dampers is a magneto-rheological 

(MR) fluid. A damper with MR fluid is referred to as a MR damper where the fluid 

changes its viscosity when exposed to magnetic fields and the viscosity is then 

varied by adjusting the strength of these magnetic fluids resulting in a semi active 

damper. Figure 2 shows the quarter model of passive and semi-active suspension 

system. The vivid difference is the usage of controllable damper in semi-active 

suspension, which enable instantaneous changes of damping based on condition. 

  

(a) Passive suspension system (b) Semi-active suspension system 

Fig. 2. Difference between passive and semi-active suspension system. 

The objectives of this paper are to evaluate the performance of semi-active 

suspension system and recommend modified semi-active suspension system for 

comfort and vehicle handling improvement. It was hypothesized that semi-active 

suspension system will show better performance in term of vibration acceleration and 

displacement compared to passive suspension system. The modified skyhook model 

will outperform the existing semi-active control model. 

 

2. Semi-active suspension system  

A semi-active suspension is capable of varying the damping of the suspension 

system by the mean of a semi active damper. An example of a semi active 

damper is a hydraulic semi active damper where the damping is varied by 

changing the opening of the orifice. Besides that, another common and widely 

used semi active damper is a magneto-rheological (MR) damper. In a MR 

damper, the damping is varied by applying different magnetic field, which 

changes the viscosity of the magneto-rheological fluid in turn varying the 

damping coefficient of the system. A semi active suspension system is more 

favourable compared to a fully active suspension system, as it is simpler, 

cheaper, and easier to control while still allowing for the minimization of the 

trade-off between performance and ride comfort. 
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It has been shown in a study [6] that a semi active suspension is capable of both 

suppressing vibration and increasing ride handling when compared to a 

conventional passive suspension system. In this study, a half car model was used 

with a high gain control system to mathematically model the suspension system. It 

was found that not only body roll and sprung mass acceleration significantly 

decrease, the steering feel improved as well after including lateral acceleration into 

the control strategy. Another study conducted by Hamersma and Schalk [7] 

discovered a semi active suspension also aids with braking performance when used 

with anti-brake lock system (ABS). It is known that although ABS have made 

advances in maintaining control of a car during heavy braking, there is a tradeoff 

with stopping distances especially on uneven road surface. In this study, a full 

vehicle SUV model was used to run simulations. The findings suggest that a vehicle 

with semi active suspension is able to reduce vehicle stopping distance by 9 meters 

compared to a passive suspension. 

Trikande et al. [8] studied the semi-active suspension system in armored vehicle 

where an 8x8 armored truck was modeled and simulated with three different speeds 

of 10 km/h, 30 km/h and 60 km/h by considering six different road profiles ranging 

from a smooth runaway up to a ploughed field. The findings suggested that a 

passive suspension is susceptible to trade-offs where low damping resulted in 

excellent high frequency filtering performance but was affected by severe 

resonance whereas high damping is capable in removing resonance but drastically 

reduces its filtering capabilities. On the other hand, it was found that a semi active 

algorithm was capable of completely removing this trade off by both reducing the 

resonance and delivering great filtering performance.  There was also other study 

by Vivas et al. [9] that agree with the superiority of a semi active suspension system 

compared to a passive suspension. The finding suggest that when a semi-active 

suspension is coupled with a Linear Parameter Varying (LPV) and Force Control 

System (FCS) controller, there is an improvement of up to 19% in a bump test and 

29% in road profile test when sprung mass position is compared. 

2.1.  Magneto-rheological (MR) damper 

A magneto-rheological damper (MR) is a semi-active damper that is capable of 

changing is damping due to the magneto-rheological (MR) fluid. A MR fluid is a 

fluid that is made up of suspended ferromagnetic particles usually carbonyl 

particles in a carrier fluid such as silicone oil or synthetic oil. A MR fluids viscosity 

changes when exposed to a magnetic field as the ferromagnetic particle will form 

magnetic dipoles along the magnetic field increasing the viscosity [10] as shown in 

Fig. 3. The change of viscosity if a MR fluid is what makes a MR damper semi 

active where the damping is easily controlled and varied. In case of any failures, a 

MR damper will just function as a conventional passive damper making it a safer 

choice compared to some fully active suspension systems. This mechanism enable 

the suspension system to react instantaneously and provide required damping 

according to condition. Compared to the passive system, this semi-active 

mechanism is believed to be provide better suspension setting to vehicle. 

A research on MR dampers showed that there have been many studies and 

papers published where the dampers are used in various different applications. Lee 

and Choi [11] studied a full car model with MR damper using hardware-in-the-loop 

simulation where three characteristics of the suspension, roll, pitch and vertical 

motions were studied. In the study of MR damper by Ahamed et.al [12], it was not 
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only found that an MR damper was able to improve passenger comfort by reducing 

sprung mass acceleration and displacement, but it also proves that an MR damper 

coupled with an ideal control system performs so well that the addition of a 

dynamic absorber is unnecessary as the maximum displacement of the system was 

only reduced by 1.5 mm.  

 

 

(a) Cross section of  

a MR damper 

(b) Ferromagnetic particle damper 

Fig. 3. MR damper with ferromagnetic  

particle mechanism inside the damper [10]. 

MR dampers have also been applied to vehicles without wheels. Wei and Pinqi 

[13] studied MR damper which applied on a helicopter. Helicopters generally suffer 

from ground resonance, which causes an instability issue with the soft 

rotor/fuselage coupling system. Based on the simulations, it was concluded that due 

to ability of MR dampers to fit into any expected damping force model, the MR 

damper was able effectively suppress helicopter ground resonance.  

Luu et.al [14] studied the MR damper application to high-speed railway bridges. 

In this study, MR dampers were installed on auxiliary beams in between support 

beams and the response is compared with conventional hydraulic dampers. It was 

found that optimum control forces were able to be generated in order to suppress the 

bridge structural resonance responses when MR dampers were coupled with static 

feedback output controller and ANFIS inverse model. Once again, it was proven that 

MR damper is capable of outperforming conventional hydraulic dampers. 

 

2.2. Sky-hook control 

A Sky-hook control is one of the existing control strategies applied to the semi 

active suspension system. A Sky-hook control in essence introduces a damper 

connected to some inertial reference in the sky as modelled in Fig. 4. A Sky-hook 



Modelling and Simulation of Semi-Active Suspension System for . . . . 109 

 
 
Journal of Engineering Science and Technology                Special Issue 7/2018 

 

control is capable of eliminating the trade-off between resonance control and high 

frequency isolation, a situation common in passive suspension system [5].  

 

Fig. 4. Sky-hook model for semi-active suspension system [10]. 

A skyhook control system only focuses on the sprung mass. This however 

increases mass motion while managing to improve isolation of the sprung mass 

from base excitations. In other terms, it can be said that a skyhook damping system 

increases damping for the sprung mass while taking away damping from the mass. 

This makes this control system ideal if the end goal is to better isolate the sprung 

mass in essence increasing comfort of the occupants of the vehicle while 

maintaining same level of ride performance. The attachment of the skyhook damper 

is purely imaginary as it is not to be physically implemented instead it is used as a 

control for the semi active damper to respond accordingly to this imaginary 

damping system. 

Skyhook control strategies have been used in tandem with MR damper for a 

very long time with many studies showing their effectiveness. Some earlier work 

include Sohn et al. [15] who studied skyhook control specifically in a Macpherson 

semi-active suspension system where the absolute velocity of sprung mass and 

relative velocity along the damper were approximated. In this study, the semi-active 

damper was included in the loop of computer simulation where it incorporates time 

delay, non-linearity and also the model of the continuously variable damper. 

Skyhook damping is also included in a study of a full ground vehicle model 

suspension by Ikenega et al. [16].  

Also another study by Ikenaga et al. [17] shows skyhook damping coupled with 

active filtering of spring and damping coefficient can reduce the motion of the sprung 
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mass below and above the wheel hop mode. However, in more recent studies, 

skyhook control have been applied in secondary suspension of high-speed railways 

[18]. It was found that this control system was able to improve the comfort of 

passengers however there were limitations due to the track characteristics at normal 

working reference points. It was concluded that there was no practicality in applying 

this control with higher hardware and software complexity as it did not justify the 

increment in comfort. There have also been recent work in optimizing the skyhook 

control. One of such example is of Gopala Rao and Narayanan [19] where they were 

able to match the performance of a skyhook damper suspension with a fully active 

suspension system with LQR control. This was achieved by optimizing the 

parameters used in the skyhook damper. 

 

2.3. Ground-hook control 

A ground hook control is modelled upon an imaginary damper fixed to a point in 

the ground and the un-sprung mass as indicated in Fig. 5. This model concerned on 

the control of un-sprung mass rather than sprung mass of the system. In research, 

the best method to control sprung and un-sprung mass has become the primary goal.
   

 

 

Fig. 5. Ground-hook model for semi-active suspension system [10]. 

Recent research by Turnip, [20] has shown that a ground-hook control used with 

a fully active suspension system was able to improve the ride performance of a car 

based on a suspension deflection model used in his work. Another recent study 

proposes an on-off semi-active damping controller [21] that is capable of once 

again improving the response of a mass damper system. This was achieved by 

combining three different ground-hook control strategies each of which responded 

well for a certain frequency range. By combining the three control parameters, the 

authors managed to improve the response of the system for the entire range of 

frequency. However, literature regarding ground-hook is limited as most researches 

use it with a combination of other control strategies to achieve an overall better 

performing mass damper system. 
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3.  Mathematical model for vehicle suspension system 

3.1. Passive vehicle suspension quarter model 

The first suspension system modelled was the 2 degree of freedom (2DOF) passive 

suspension system with base excitation as in Fig. 6. This serves as the benchmark 

for the semi-active suspension system study and allows for drawing of comparisons 

and discussion. The equation of motions were derived based on the free body 

diagram (FBD) and Laplace transform were considered for further simulation. 

 

 

Fig. 6. Mathematical model of two degree of freedom  

with base excitation for vehicle passive suspension system. 

The tire is modelled as having no damping coefficient as the damping 

coefficient is relatively low compared to the entire system hence there are not any 

adverse effects in ignoring it for calculation, whilst making it easier. Based on the 

free body diagram, the Laplace Transform of the equation of motion is given as  

𝑀𝑠�̈�𝑠 = −𝐶(�̇�𝑠 − �̇�𝑢) − 𝐾𝑠(𝑋𝑠 − 𝑋𝑢)               (1) 

MuẌu = C(Ẋs − Ẋu) + Ks(Xs − Xu) + Kt(Xin − Xu)                      (2) 

Equations (1) and (2) were used to for Simulink block model as a close loop. 

The resulting model is shown in Appendix A. 

 

3.2. Semi active suspension modelling 

A general semi-active suspension system can modelled as having variable damper 

in between sprung mass and un-sprung mass as indicated in Fig. 7. The only 

difference between a semi-active and passive suspension system is that it has a 

changing damping coefficient, which is a result of control force provided by its 

control system. Hence, the equation of motion has to include an additional 

parameter, which is the control force. The resulting equation of motion is in Eqs. 

(3) and (4). 

𝑀𝑠�̈�𝑠 = −𝐶(�̇�𝑠 − �̇�𝑢) − 𝐾𝑠(𝑋𝑠 − 𝑋𝑢) + 𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙               (3) 

 𝑀𝑢�̈�𝑢 = 𝐶(�̇�𝑠 − �̇�𝑢) + 𝐾𝑠(𝑋𝑠 − 𝑋𝑢) + 𝐾𝑡(𝑋𝑖𝑛 − 𝑋𝑢) − 𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙            (4) 
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Fig. 7. Mathematical model of two degree of freedom with  

base excitation for vehicle semi-active suspension system. 

In modelling a semi-active suspension, the Fcontrol is input into the semi-active 

subsystem after it passes the control logic. The input of this Fcontrol is shown in 

Appendix C. 

3.3. Sky-hook control model 

The first control strategy studied was the skyhook control, where as previously 

discussed the skyhook damper is attached to an imaginary point in the sky. The 

mathematical derivation is based on model in Fig. 8. 

As the Sky-hook imaginary damper is attached to the sprung-mass, the control 

force calculated based on the logic where 𝑋12 = 𝑋1−𝑋2 if    𝑋1𝑋12 > 0. For the 

control force, it can be considered to be 𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = 𝐶𝑠𝑘𝑦𝑋1, where Csky is a constant 

that is also referred to as a gain of the system. The Sky-hook logic is inverted into 

the suspension model by using an s-function builder block in Simulink as shown in 

Appendix B.  

 

Fig. 8. Mathematical model of two degree of freedom  

with base excitation for vehicle semi-active skyhook control. 

3.4. Ground-hook control model 

A ground-hook control works similarly as a skyhook control with the only 

difference being that it is attached to the un-sprung mass instead of the sprung mass 

as shown in Fig. 9. The control logic of ground-hook correlating control force with 
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sprung mass and combination of sprung and un-sprung mass where 𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙 =
𝐶𝑔𝑟𝑜𝑢𝑛𝑑𝑋2 if (−𝑋2𝑋12) > 0 

As it was the case with skyhook, Cground is a constant that is also referred to as 

the C-Ground gain. The logic is integrated to the model using the S-function builder 

just as it for Sky-hook control.  

  

Fig. 9. Mathematical model of two degree of freedom  

with base excitation for vehicle semi-active Ground-hook control. 

3.5. Modified sky-hook control model 

The modified skyhook control combines both the control logic of skyhook and 

groundhook using the logic as shown in Figs. 10 and 11 with some modification to 

each of the logic outputs. The modified skyhook logic will have 𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙 =
𝐶𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑(𝑍𝑜𝑢𝑡𝑠𝑘𝑦 + (1 − 𝑍𝑍𝑜𝑢𝑡𝑔𝑟𝑜𝑢𝑛𝑑)  where Cmodified is a constant, which is 

similar to that of the gains C-Sky and C-Ground, and Z is the relative ratio. For an 

example when Z = 1 the system will behave as a full skyhook control and when Z 

= 0 the system will behave as a full ground-hook control. The modified skyhook 

logic is once again built using the s-function builder block in Simulink, which 

receives input from the other two logics. 

 

Fig. 10. Modified sky-hook control logic in Simulink. 
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Fig. 11. Modified sky-hook final Simulink model. 

 

4. Results and Discussion 

As to simulate the behaviour of different suspension model, parameters for 

simulation was adopted from existing work by Jalwadi and Unaune [22] as 

indicated in Table 1. 

Table 1. Parameter values used for simulation. 

Parameters Values 

Sprung mass 535 kg 

Unsprung mass 40 kg 

Damping coefficient 3002.3 Ns/m 

Spring stiffness 96000 N/m 

Tire stiffness 350000 N/m 

 

4.1.  Semi-active model verification 

The first simulation was run using a Csky gain of 0. This was done in order to verify 

the functionality of the semi-active suspension model integrated with the skyhook 

logic S-function. The model function correctly if the resulting graphs were identical 

with each other. The basic two degree of freedom SIMULINK model with base 

excitation as in Appendix A. 

As refer to Fig. 12, it is clearly shown that when CSky gain is set to 0, there is no 

performance difference in the semi-active suspension and passive suspension. This 

shows that the modelling of the suspension and the integration of skyhook logic is 

done appropriately. 
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Fig. 12. Simulation of sprung mass acceleration  

for passive model and skyhook model at Csky = 0. 

4.2. Simulation of semi-active model with skyhook control  

The next set of simulations were carried out to further study and understand the effect 

of different Csky gain values to the suspension system. The related control logic 

subsystem model and S-function as indicated in Appendices B and C. The different 

C-sky gain values used for the simulation were 1000, 3000 and 5000 respectively.  

Figure 13 shows how different C-Sky values affects the sprung-mass 

acceleration. Sprung-mass acceleration directly correlate to the comfort of 

passengers in a vehicle where a low sprung mass acceleration will reflect better 

comfort levels of the vehicle as there is less sudden change in displacement and 

velocity hence less shock and whole-body vibration experienced by the passengers. 

This result agrees with that from previous studies [5]. From the graph above it is 

noticed that as the C-Sky value increases the settling time and mean amplitude 

reduces which reflects in an overall better comfort level. However, it is also to be 

noted that after a certain threshold of C-Sky gain as shown by C-Sky = 5000, the 

initial amplitude or maximum amplitude increases. This will result in an initial jerk 

motion of the sprung-mass, which can affect the vehicle and passenger.  

This simulation demonstrates that the overall comfort of the vehicle improves 

with a higher C-Sky. However, too high of a C-Sky gain value will result in an 

initial jerk of the vehicle which is much higher than the maximum amplitude of the 

passive suspension system before the semi-active suspension settles down and 

outperform the passive suspension after its first complete oscillation. Besides that, 

it is also observed that introduction of Skyhook control strategy introduces more 

peaks in a single oscillation where the system is trying to adapt to the change in the 

relative velocities and the control force sent to the system is changing. The 

introduction of these peaks increases in number and magnitude with a higher C-

Sky gain which then results in the initial jerk introduced to the system when C-Sky 

= 5000 is used. 
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Fig. 13. Sprung mass acceleration for Csky values of 1000, 3000 and 5000. 

 

Figure 14 shows how the different C-Sky gains used effects the un-sprung-mass 

displacement. It is clear that the extra comfort provided by the semi-active system 

using skyhook control is gained by compensating with a higher maximum 

amplitude of the un-sprung-mass displacement. As the C-Sky gain is increased, so 

does the max amplitude of the un-sprung-mass displacement. However, unlike the 

initial jerk experienced by the sprung-mass acceleration as discussed previously, 

the amplitudes of the un-sprung-mass displacement are higher for up to the first 

three oscillations of the suspension compared to the passive suspension setup.  

This phenomenon has been regarded as the wheel-hop [17], where the wheel of 

the vehicle, which is a part of the un-sprung mass of the suspension system, has a 

relatively higher max displacement that it imitates a hopping motion. However, 

after the first couple of oscillations the semi-active suspension with skyhook 

control once again outperformed the passive suspension system, which then results 

in a quicker settling time. This demonstrates that after the initial contact with the 

road irregularity, the semi-active suspension system is more stable which is 

reflected after the first second of the simulation. In essence, this shows that if the 

semi-active suspension system is designed to compensate the extra travel and to 

handle the extra forces. The semi-active suspension with skyhook control will also 

generally improve the suspension handling performance, although this can proof to 

be expensive, heavy or totally impossible depending on the maximum amplitude 

the setup has to handle which is effected by the vehicle mass and other parameters 

set in the beginning of the simulation. 

 

4.3. Simulation of semi-active model for ground-hook control 

The limitation of the skyhook control strategy is evident where there is an increase 

in max amplitude of the sprung mass acceleration for the first few oscillations 

before it stabilizes. The ground-hook control strategy simulated had found that to 

better control the un-sprung-mass [21]. Simulations were run using C-Ground gains 

of 1000, 3000, and 5000 in order to draw a direct comparison between the skyhook 

control strategy and ground-hook control strategy. 
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Figure 15 shows the effect of different C-Ground gains have on the un-sprung 

mass displacement. From the graph, it is obvious the ground-hook control strategy is 

very effective in controlling the un-sprung mass displacement when compared to the 

skyhook control strategy. The semi-active suspension using ground-hook control 

strategy out performs the passive suspension in terms of max amplitude and settling 

time, which the skyhook control strategy failed to achieve. Based on the simulation, 

a higher C-Ground gain translates to a quicker settling time of the un-sprung-mass 

and peak-to-peak distance. However, the graph also shown that with a higher C-

Ground gain, the curves have more spikes during their max amplitude, which are 

more evident at the initial contact point of the road irregularity. This is comparable to 

the initial jerk that the sprung-mass acceleration of a skyhook control undergoes that 

was previously discussed. The jerk in this case is relative low and less severe. 

 

Fig. 14. Unsprung mass displacement for Csky values of 1000, 3000 and 5000. 

 

Fig. 15. Unsprung mass displacement for Cground values of 1000, 3000 and 5000. 
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Figure 16 depicts how different values of C-Ground affected the sprung mass 

acceleration. From the graph, it is noticed that ground-hook control strategy is 

inferior to a skyhook control when it comes to controlling the sprung-mass. 

Ground-hook control introduces a lot of jerk and spikes in the sprung-mass 

acceleration which results in a much less smoother curve then not only the passive 

suspension system but also a skyhook control semi-active suspension system. This 

will result in the vehicle body being very unsettled in the first few seconds due to 

the rapid change in accelerations, which can lead to a reduced comfort level. This 

condition is made worse when a higher C-Ground gains are used although the 

settling times are almost similar for all the different C-Ground gains simulated, all 

of which have a quicker settling time then the passive suspension system. Drawing 

a direct comparison between C-Sky gain values and C-Ground gain values, it is 

observed that with the same gain values, the initial jerk, maximum amplitudes, and 

peak to peak distance of sprung-mass acceleration of Ground-hook control is much 

higher whereas the overall curve of Sky-hook control is smoother. 

 

 

Fig. 16. Sprung mass acceleration for Cground values of 1000, 3000 and 5000. 

 

4.4. Simulation of semi-active model for modified sky-hook control 

Based on the previous sections in this chapter it is clear that a semi-active 

suspension system is capable of outperforming a passive suspension system due to 

its quicker settling time and mean amplitudes of both sprung-mass accelerations 

and un-sprung-mass displacement although there are drawbacks when using very 

high gain values for both the skyhook and ground-hook control strategy such a 

higher max amplitude, initial jerk and wheel hop. Besides that, it was also 

discovered that a skyhook control is a better control strategy to achieve better 

comfort and on the other hand, the ground-hook control strategy is better suited at 

improving the suspension handling performance. The modified skyhook control is 

implemented in order to eliminate or minimize the drawbacks of both the control 

strategies and to achieve an optimized control strategy that is capable of improving 

both the comfort and handling performance of the vehicle.  
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The first simulation is run with the modified skyhook control logic with a gain of 

3000. A gain of 3000 is selected based on the previous simulations of ground-hook 

and skyhook control strategy where when a gain of 3000 is used the results were a 

better compromise between the advantages and the drawback that resulted in each of 

the control strategy. The first simulation is run with Z values of 1, 0 and 0.25. Z values 

1 and 0 are used in order to verify that the semi-active suspension and the control 

logic is working as at Z = 1 the system will be completely skyhook and at Z = 0 the 

system will be completely ground-hook, hence the result at this two Z values should 

be identical of that of C-Sky gain = 3000 and C-Ground gain = 3000 respectively. 

Figures 17 and 18 were used to draw a direct comparison with previous simulation 

where the values of C-Sky and C-Ground gains used were 3000. The results are 

exactly similar which signals that the modeling was carried out appropriately.  

 

Fig. 17. Sprung mass acceleration for Z values of 0, 0.25 and 1. 

 

Fig. 18. Un-sprung mass displacement for Z values of 0, 0.25 and 1. 

The next simulation was run using Z values 0.25, 0.5 and 0.75 in order to further 

understand the impact of the Z values to the sprung-mass accelerations and un-

sprung mass displacement and to pick the best Z values in order to run further 

simulation and draw final comparisons. 
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Figure 19 shows that when different values of Z are used, it is observed that Z = 

0.75 and Z = 0.25 have much higher maximum amplitude and peak to peak distance 

compared to Z= 0.50. Besides that, it is also evident that using Z = 0.5 eliminates the 

initial jerk and removes multiple peaks and the maximum amplitudes of each 

oscillation which results in a much more smoother curve compared to Z= 0.25 and 

Z=0.75. Moreover, this feat is achieved by having the lowest amplitude in each 

oscillation and having similar settling time compared to the other two alternative. 

This makes a great case for selecting Z=0.50 for final comparisons and evaluations. 

 

Fig. 19. Sprung mass acceleration for Z values of 0.5, 0.25 and 0.75. 

The graph in Fig. 20 shows that a lower Z values improves the un-sprung-mass 

displacement as the mean amplitude is reduced, whereas when Z = 0.75 is used, the 

amplitude is greater compared two passive for the first oscillation similar to that of 

a skyhook control. Based on this graph, once again Z=0.5 is selected as its 

maximum amplitude never exceeds that of a passive suspension and it has removed 

the multiple peaks at the peak of each oscillation that ground-hook control suffered 

from which is also exhibited by the curve of Z=0.25 although it is much less severe.  

The next set of simulations were carried out to study the advantages and 

improvements of the modified skyhook control when compared to the traditional 

skyhook control, ground-hook control and a passive suspension system. 

The first evaluation was carried out based on the sprung-mass acceleration. It is 

to be noted that as discussed previously Z = 1.00 represent a full skyhook control 

strategy, Z = 0.00 a full ground-hook control strategy whereas Z= 0.5 was the best 

Z value found and selected based on previous simulation. Based on Fig. 21 the 

improvement of the modified skyhook control is evident. Firstly, it has no initial 

jerk of sprung mass acceleration as exhibited by the ground-hook control. Next, it 

has also reduced the peaks in a single oscillation, which can be seen by the smother 

curve produced in the simulation.  

From Fig. 22, the modified skyhook control is found to outperform both the 

ground-hook control and sky-hook control. This is said as it maximum amplitude 

is lower compared to skyhook control eliminating wheel hop whereas the initial 

spike in displacement that is noticed in the pure ground-hook control is reduced. 
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All of this is achieved with a smoother curve and similar settling time as skyhook 

and ground-hook control.  

 

 

Fig. 20. Un-sprung mass displacement for Z values of 0.5, 0.25 and 0.75. 

 

Fig. 21. Sprung mass acceleration for Z values of 0, 0.5 and 1. 

 

Fig. 22. Un-sprung mass displacement for Z values of 0, 0.5 and 1. 
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4.  Conclusions 

A simulation investigation for the semi-active suspension system with passive type 

and different control strategy was implemented for improvement of both comfort and 

suspension handling performance. The suspension system performance was analysed 

by considering the acceleration of the sprung mass as well as displacement of un-

sprung mass of the vehicle quarter model. Some concluding observations from the 

investigation are given below. 

 The semi-active suspension outperforms a passive suspension system. 

However, the initial skyhook control strategy has a few drawback such as 

initial sprung-mass acceleration jerk and a higher un-sprung-mass 

displacement when high C-Sky gains were used. To improve these drawbacks, 

an alternative control strategy, Ground-hook control strategy was studied and 

simulated where it managed to control the un-sprung-mass displacement better 

but had a higher sprung-mass acceleration compared to skyhook control.  

 Based on the simulations, the skyhook control strategy was more suited toward 

increasing comfort at the sacrifice of handling performance, whereas the 

Ground-hook control strategy increases the handling performance at the 

sacrifice of comfort.  

 The modified skyhook control strategy combines both of the control logic into 

one and the best Z values were tested where Z = 0.5 was found to have best 

results both in increasing the comfort and the suspension handling 

performance. The modified skyhook control strategy was able to produce 

smoother curves for all simulations, eliminating initial jerks and rapid 

acceleration changes in the sprung-mass while also reducing the un-sprung 

mass displacement, eliminating the wheel hop phenomenon. 
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Appendix A 

Simulink Block diagram for 2 degree of  

freedom model with base excitation 

 

Appendix B 

S-function builder Simulink block 
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Appendix C 

Simulink Block diagram for Control logic subsystem in Simulink 

 

 


