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Abstract

The suspension system in the car is responsible for stability and balance in both the car’s body and the driving
room and maintains the stability of the car on the roads and turns to ensure the comfort of the passengers, as it
absorbs the shocks resulting from the unevenness of the road and prevents them from reaching the driving room.
The system works by means of helical springs and vibration dampers that allow the tire to rise slowly when one
of the tires encounters an obstacle on the road, and the suspension system prevents it from reaching the driving
room, which contributes to maintaining the stability of the car. The main objective of this paper is to study and
evaluate the performance of the suspension system in cars. To evaluate the performance of the system, it was
necessary to derive a mathematical model for the system using a certain model called the Quarter car model, after
which the system is simulated by MATLAB Software. Also, in this paper, some variables such as the spring
constant and the damping coefficient were studied to evaluate the performance of the system, in addition to the
effect of the mass of the electric motors that are installed in the wheels when manufacturing electric cars.
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Introduction

The contemporary automobile has advanced significantly since the time when "just being self-propelled” was
sufficient for car owners. Tiding comfort and driving safety have greatly benefited from advancements in
suspension, greater component strength & durability, and tire design & construction.

Basically, suspension refers to the use of front and rear springs to suspend a vehicles frame, body, engine and
power train above the wheels. These relatively heavy assemblies constitute what is known as Sprung
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weight. Unsprang weight, on the other hand, includes wheels and tire, break assemblies and other structural
members not supported by the springs.

The springs used in today’s cars and trucks are engineered in a wide variety of types, shapes, sizes, rates and
capacities. Types include leaf springs, coil springs, air springs and torsion bars.

These are used in sets of four per vehicle, or they are paired off in various combinations and are attached to the
vehicle by a number of different mounting techniques.

The automobile frame and body are mounted on the front and rear axle not directly but through the springs and
shock absorbent. The assembly of parts, which perform the isolation of parts from the road shocks, may be in the
forms of bounce, pitch and roll is called suspension system.

Suspension system of an automobile separates the wheel and axle assembly of the automobile from its body. Main
function of the suspension system is to isolate the body of the vehicle from shocks and vibrations generated due
to irregularities on the surface of roads. Shock absorbers are provided in the vehicles for this purpose. It is in the
form of spring and damper. The suspension system is provided both on front end and rear end of the vehicle.

A suspension system also maintains the stability of the vehicle in pitching or rolling when vehicle is in motion.
The primary functions of the suspension system are as follows:1. It protects the vehicle's body and frame from
road shocks. 2. It improves the vehicle's stability.3. It protects people and cargo from road shocks. 4. It provides
excellent road holding when driving, cornering, and braking. 5. It provides comfort. It is a source of comfort.
The Requirements of suspension system are:1. There should be minimum deflection. 2. It should be of low initial
cost. 3. It should be of minimum weight.

4. It should have low maintenance and low operating cost. 5. It should have minimum tire wear.

Suspension model

The most types of suspension systems are passive suspension system and active suspension system. In this paper,
we selected to study the passive suspension system.

Figure 1 shows the passive suspension system structure; in passive suspension, system has an ability to store
energy via spring and to dissipate in via damper.
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Figure 1: passive suspension system (Quarter car model)
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Designing a suspension system is an interesting and challenging control problem. Also, Suspension system
modeling serves two purposes: understanding system dynamics and developing control strategies. Models are
simplified representations of physical systems, allowing focus on important system dynamics.

When the suspension system is designed, a quarter car model (one of the four wheels) is used to simplify the
problem to a 1D multiple spring-damper system (Figure 1).
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Figure 2: Free body diagram of the passive suspension system.
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Based on Newtonian mechanics the equations of the motion and the free body diagram (Figure 2) for passive
suspension system are given as following:

my Xy = —K;(x; — %) — by (%) — X3) 1)
my¥, = Ky (%) — x3) + by (X — %3) — Ky (x, —w) — by (X — W) 2

System parameters

(w) Road displacement or road profile

(x1) car body displacement

(x2) Un-sprung mass displacement

(b1) damping constant of suspension system
(b2) damping constant of wheel and tire
(Ky) spring stiffness constant

(K2) Tire stiffness constant

(m,) quarter car body mass (sprung mass)
(m2) unsprung mass

Road profile
The selected road pump in this paper is selected as shown in figure 3. It generated used the signal builder from
MATLAB Simulink library.
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Figure 3: The selected road input signal.

Simulink Models and Results

This section contains the most important parts of the paper, including the Simulink model for the system, in
addition to the most important blocks that were used in this paper, which were taken from the Simulink MATLAB
library. Also, this section shows the most important results that indicate the effect of the system variables which
are the spring stiffness, damper coefficient and wheel mass on the performance of the suspension system.

In this paper, three values were chosen for each of the suspension system variables, where three values were
chosen for the spring stiffness (17000 N/m, 20000 N/m, and 23000 N/m) and three values for the damper
coefficient (1050 N.s/m, 1250 N.s/m, and 1450 N.s/m), in addition to choosing three values for the wheel mass
(55 Kg, 75 Kg, and 95 Kg), (the weight of the wheel increases due to the installation of an in-wheel motor).
When designing cars in general and suspension systems in particular, two important variables are taken into
account, namely the tire deflection (w-x2), which indicates the road holding, and the other variable is the
acceleration of the sprung mass (x;) and indicates the passenger comfort, so these two variables were chosen as
an output for our system in this paper.

Simulink model

Figure 4 shows The Simulink model of the passive suspension system for quarter car model which built by using
the equations 1 and 2, and figure 3 illustrates the selected road profile (Input signal).
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Simulation results

Figure 4: Simulink diagram of passive suspension system.

figures 5 and 6 shows the effect of the spring stiffness value on the tire deflection and acceleration of the sprung
mass. Although the change is considered small in the two figures, but we can say that the higher the value of the
spring stiffness increases both the deflection of the tire and the acceleration of the sprung mass.
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Figure 5: Effect of the stiffness constant on the Tire Deflection.
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Figure 6: Effect of the stiffness constant on the Sprung Mass Acceleration.

figures 7 and 8 shows the effect of the damping coefficient value on the tire deflection and acceleration of the
sprung mass. Also, in this case the change is considered small in the two figures. In both figures, the effect is not
clear and it is not significant because the change in both the tire deflection and the acceleration of the sprung mass
is small.
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Figure 7: Effect of the damping coefficient on the Tire Deflection.
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Figure 8: Effect of the damping coefficient on the sprung mass acceleration.

figures 9 and 10 shows the effect of the in-wheel motor mass value on the tire deflection and acceleration of the
sprung mass. We can say that increasing the mass of the motor or tire has a negative effect on the tire deflection,
even if it is small, while it has a positive effect on the comfort of the passengers.
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Figure 9: Effect of the In-Wheel motor mass on the tire deflection.
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Figure 10: Effect of the In-Wheel motor mass on the sprung mass acceleration.

Conclusion

This paper presented modeling, simulation of car suspension system performed using MATLAB and the effect of
three system variables which are spring stiffness, damping coefficient, and the in-wheel electric motor mass or
the heavy tire on the suspension system performance. In this work, a slight effect of the three variables on the
performance of the system was observed in general, but it can not be ignored because in some cases, increasing
some variables has a negative impact on the performance of the system.

References

[1] Rajesh Rajamani, Vehicle Dynamics and Control, Springer publications, second edition, (2012).

[2] M. M. Fateh and S. S. Alavi, “Impedance control of an active suspension system,” Mechatronics, vol. 19, no.
1, pp. 134-140, Feb. 2009.

[3] C. L. Phillips and H. T. Nagle, Digital Control System Analysis and Design, 3rd ed. Englewood Cliffs, NJ:
Prentice-Hall, 1994.

[4] Mohamed Belrzaeg, Abdussalam Ali Ahmed, Amhimmid Q Almabrouk, Mohamed Mohamed Khaleel,
Alforjani Ali Ahmed and Meshaal Almukhtar, "Vehicle dynamics and tire models: An overview," World
Journal of Advanced Research and Reviews, 2021, 12(01), 331-348

[5] R.A. Williams, “Electronically controlled automotive suspensions,” Computing & Control Engineering
Journal, vol. 5, no. 3, pp. 143-148, June 1994.

[6] A.Gupta, J.A.Jendrzejczyk, T.M.Mulcahy, et al. Design of electromagnetic shock absorbers. Int J.Mech
Mater Des, 2006, VVol.3: 285-291.

[7] J. Wang, W. Wang, K. Atallah, et al. Design of a Linear Permanent Magnet Motor for Active Vehicle
Suspension. Electric Machines and Drives Conference, IEEE International, 2009: 585-591.

[8] Abubaker Abasalam A. Emheisen, Abdussalam Ali Ahmed, Nasr Ismael Alhusein, Abdurahim Alfadel
Sakeb, Abdulhamid.S. Abdulhamid,* Car Wheel slip Modelling, Simulation, And Control Using Quarter Car
Model”, International Journal of Engineering Trends and Technology (IJETT), Vol. 28, No. 06, October2015

[9] Mouleeswaran Senthil kumar, Member, IAENG, “Development of Active suspension System for
Automobiles using PID Controller” World Congress on Engineering London, U.K Vol II WCE 2008, July
2008

[10] Mohammad Ali Nekoui , Parisa Hadavi, “Optimal control of an active suspension system” 14th International
Power Electronics and Motion Control Conference, EPE PEMC 2010.

7 | Libyan Journal of Contemporary Academic Studies



[11]Jianmin Sun and Qingmei Yang, “Compare and analysis of passive and active suspensions under random
road excitation” IEEE, International Conference on Automation and Logistics Shenyang, China, pp. 1577-
1580, August 2009.

[12]A. A. Ahmed, H. A. Eissa, A. M. Faraj, A. Albagul, M. Belrzaeg and A. Alsharif, "Suspension System
Modelling And Control For An Electric Vehicle Driven by In-Wheel Motors," 2021 IEEE International
Conference on Robotics, Automation, Artificial-Intelligence and Internet-of-Things (RAAICON), Dhaka,
Bangladesh, 2021, pp. 1-5, doi: 10.1109/RAAICON54709.2021.9929611.

[13]Jianmin Sun and Yi Sun, “Comparative study on control strategy of active suspension system” IEEE
Computer society, Third international conference on measuring technology and mechatronics automation,
pp.729-732, 2011.

[14] A. Aldair and W. J. Wang, “Design an intelligent controller for full vehicle nonlinear active suspension
systems” International journal on smart sensing and intelligent systems vol. 4, no. 2, pp.224-243, June 2011.

[15] Chih-Hsuan Lee, Chiu-Ling Chen, Shun-Hsu Tu, Wes S. Jeng, Jeng-Fu Shen and Feng Tyan, “Modeling and
simulation of half car suspension system with a MR damper using RecurDyn and Simulink” CSME-1254.

[16]Y. Sahin and G. Husi , “Design of a modified linear quadratic regulator for vibration control of suspension
systems of military and civil vehicle” Int. Rev. Appl. Sci. Eng. 1,pp.55-60, 2010.

[17] Abebe, B. A., Santhosh, J., Ahmed, A. A., Murugan, P. and Ashok, N. (2020). Non-Linear Mathematical
Modelling for Quarter Car Suspension Model. International Journal on Emerging Technologies, 11(5):536—
544,

[18] W. Gao, N. Zhang and H. P. Du, “A half-car model for dynamic analysis of vehicles with random parameters”
5th Australasian Congress on Applied Mechanics, Brisbane, Australia, December 2007.

[19] Liu Xiandong, Deng Zhidang, Gao Feng. Research on the method of simulating road roughness numerically
[J]. Journal of Beijing University of Aeronautics and Astronautics, 2003 (9) :843 846.

[20]1B. D. Mahajan and A. A. Divekar, "Modeling and system identification of a quarter car suspension using
Simulink,” 2016 IEEE International Conference on Recent Trends in Electronics, Information &
Communication  Technology (RTEICT), Bangalore, India, 2016, pp. 180-183, doi:
10.1109/RTEICT.2016.7807808.

[21]R. G. Chetan, R. Both-Rusu, E. -H. Dulf and C. Festila, "Physical model of a quarter-car active suspension
system,” 2017 18th International Carpathian Control Conference (ICCC), Sinaia, Romania, 2017, pp. 517-
520, doi: 10.1109/CarpathianCC.2017.7970455.

[22] A. A. Ahmed and O. S. M. Jomah, "Modeling and Control of Car Active Suspension System Using a Neural
Network-based Controller and Linear Quadratic Regulator Controller,” 2020 IEEE 2nd International
Conference on Electronics, Control, Optimization and Computer Science (ICECOCS), Kenitra, Morocco,
2020, pp. 1-6, doi: 10.1109/ICECOCS50124.2020.9314426.

[23]A. A. Divekar and B. D. Mahajan, "Analytical modeling and self-tuned fuzzy-PID logic based control for
quarter car suspension system using Simulink," 2016 IEEE International Conference on Recent Trends in
Electronics, Information & Communication Technology (RTEICT), Bangalore, India, 2016, pp. 267-271,
doi: 10.1109/RTEICT.2016.7807825.

[24]H. Akcay and S. Turkay, "Influence of tire damping on multi-objective control of quarter-car suspensions,"
2010 IEEE International Conference on Industrial Technology, Via del Mar, Chile, 2010, pp. 100-104, doi:
10.1109/1CIT.2010.5472660.

[25] M. S. Sadeghi, F. Bavafa, S. M. S. Alavi and S. Varzandian, "Nonlinear PD controller design for a nonlinear
quarter car suspension system,” The 2nd International Conference on Control, Instrumentation and
Automation, Shiraz, Iran, 2011, pp. 231-235, doi: 10.1109/ICCI1Autom.2011.6356661.

[26]B. Bidikli, "Modeling of an active suspension system of a quarter car model via parametric system
identification methods," 2017 25th Signal Processing and Communications Applications Conference (SIU),
Antalya, Turkey, 2017, pp. 1-4, doi: 10.1109/S1U.2017.7960653.

[27TA. A. Ahmed, A. Alsharif, T. Triwiyanto, M. Khaleel, C. W. Tan and R. Ayop, "Using of Neural Network-
Based Controller to Obtain the Effect of Hub Motors Weight on Electric Vehicle Ride Comfort,” 2022 IEEE
2nd International Maghreb Meeting of the Conference on Sciences and Techniques of Automatic Control and
Computer Engineering (MI-STA), Sabratha, Libya, 2022, pp. 189-192, doi: 10.1109/MlI-
STA54861.2022.9837608.

8 | Libyan Journal of Contemporary Academic Studies



