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KEYWORDS Abstract In this paper a MATLAB SIMULINK model of seven Degrees Of Freedom (DOF) full
Vehicle dynamics; vehicle model is developed. Mathematical equations are obtained using Newton's second law and
Full vehicle model; free body diagram concept. Validation of the SIMULINK model is obtained to ensure that the
Seven DOF model; model is suitable for studying the ride comfort. A Genetic algorithm optimization technique is used
Genetic algorithm; to find the optimum values of spring stiffness and damping coefficient for front and rear passive
PI controller suspension system of the seven DOF vehicle model at variable velocities which improve the perfor-

mance of the suspension system of the vehicle. Also Proportional Integral (PI) controller is imple-
mented to the model to study its effect on ride comfort. Comparison of the results for body
acceleration and sprung mass displacement of the optimized data of suspension parameters and
model with PI controller are illustrated. The results show that the optimized parameters and PI con-
troller give significant improvements of the vehicle ride performance over the passive suspension
system.

© 2017 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction very important as it can be used for studying the performance
of the ride comfort and road handling of the vehicle. There are
different methods of representation the model. State space
modeling, transfer function and MATLAB Simulink are used
to solve these models. There are different models used in this
field, quarter car model [2-4], half car model [5-7] and full
car model [8-11]. The performance of active suspension system
using Linear Quadratic Regulator (LQR) and Proportional
Integral Derivative (PID) techniques was compared with the
passive suspension system. Simulation is based on the mathe-
matical model by using MATLAB/SIMULINK software in
[3]. Mathematical half-car model was created in Matlab/Simu-
link. Results from simulations of model with original and opti-
mized suspension parameters were compared in [5]. Simulation
of active half car suspension model was done using MATLARB,

The major target of the vehicle suspension system is to enhance
the ride comfort and to provide good ride handling capability.
A vehicle suspension may be classified as passive suspension,
semi active suspension and active suspension system [l]. A
quality suspension must achieve a good behavior of the vehicle
and a degree of comfort depending on the interaction with the
uneven road surface [2]. Modeling of suspension systems is

* Corresponding author.

E-mail address: eng_ahmed_geweda(@yahoo.com (A.E. Geweda).
Peer review under responsibility of Faculty of Engineering, Alexandria
University.

http://dx.doi.org/10.1016/j.a¢j.2017.05.014

1110-0168 © 2017 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: A.E. Geweda et al., Improvement of vehicle ride comfort using genetic algorithm optimization and PI controller, Alexandria Eng. J.
(2017), http://dx.doi.org/10.1016/j.a¢j.2017.05.014



http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:eng_ahmed_geweda@yahoo.com
http://dx.doi.org/10.1016/j.aej.2017.05.014
http://dx.doi.org/10.1016/j.aej.2017.05.014
http://www.sciencedirect.com/science/journal/11100168
http://dx.doi.org/10.1016/j.aej.2017.05.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.aej.2017.05.014

A.E. Geweda et al.

Nomenclature

a distance from CG to front wheel, m

b distance from CG to rear wheel, m

Cin damping coefficient of front left damper, N-s/m
Cip damping coefficient of rear left damper, N-s/m
(o damping coefficient of front right damper, N-s/m
Cio damping coefficient of rear right damper, N-s/m
c distance from CG to right wheel, m

d distance from CG to left wheel, m

I moment of Inertia about X-X axis, kg-m2

I, moment of Inertia about Y-Y axis, kg-m>

K spring stiffness of front left suspension, N/m
K spring stiffness of rear left suspension, N/m

K spring stiffness of front right suspension, N/m
K spring stiffness of rear right suspension, N/m
K, spring stiffness of front left tire, N/m

K.p spring stiffness of rear left tire, N/m

K, spring stiffness of front right tire, N/m

K, spring stiffness of rear right tire, N/m

Mg mass of vehicle, kg
M. mass of front left wheel, kg

M,p mass of rear left wheel, kg

M, mass of front right wheel, kg

M, mass of rear right wheel, kg

Zeo displacement of CG of vehicle body, m
Z.n road input to front left wheel, m

Z.n road input to rear left wheel, m

Zu road input to front right wheel, m
Zo road input to rear right wheel, m

Zon displacement of front left wheel, m
Zup displacement of rear left wheel, m
Zr displacement of front right wheel, m
A displacement of rear right wheel, m

0 pitch angle of the body at CG, degree
@ roll angle of the body at CG, degree

Simulink and a comparison between controllers such as
classical PID controller; self-tunable fuzzy inference system
(STFIS) controller and the passive system controller were
founded in [6]. The full car suspensions for passive and active
one with PID or Fuzzy controls were simulated using
MATLAB/SIMULINK at [12]. The results indicated that the
active with PID and fuzzy controls suspension systems were
better than the passive system. An active suspension for the
Quarter/Half/Full car model of car was developed by [13] to
improve its performance by using a PID controller. Optimiza-
tion was also applied to one of the these types as in [14] who
made an investigation to determine the spring and damper set-
tings that will ensure optimal ride comfort of vehicle for differ-
ent speeds using Design of Experiment Method (DOE) for
seven degrees of freedom full car model.

This paper is organized as follows; Full car model is
obtained in Section 2. Mathematical equations are presented
in Section 3. In Section 4 the MATLAB, Simulink model is
built. The road profiles used in this paper are given on
Section 5. Section 6 shows the optimization and controller.
Results and discussion of validation are obtained in Section 7.
Section 8 presents the conclusions of the paper. An Appendix
A is given at the end of the paper.

2. Full car model

Fig. 1 shows a full car model with seven degrees of
freedom system considered for analysis [11]. It is consisting
of sprung mass, M, referring to the part of the car that is
supported on springs and un-sprung mass which refers to the
mass of the wheel assembly. The suspensions between the
sprung mass and un-sprung masses are modeled as linear
viscous dampers and spring components. The tire has been
replaced with its equivalent stiffness and tire damping
is neglected as it’s influence on tire behavior is negligible
[9,11 and 12].

3. Mathematical modeling

3.1. Mathematical equations

Using the Newton’s second law of motion and free body dia-
gram concept; the following seven equations of motion are
derived.

For vehicle body bounce motion (Sprung Mass):
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For vehicle body pitching motion (Sprung Mass):
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