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Abstract:

Suspension system plays a significant role in automobiles to enhance and improve ride comfort and
road handling. In this paper, an independent front and rear passive suspension is performed on a
half car model to analyze the reaction force exerted by the front and rear wheel and simulate these
forces due to bounce and pitch degrees of freedom of the car. In this suspension model, the bounce
degrees of freedom is represented by the vertical displacement and the vertical velocity and the car
body pitch is represented by pitch angular displacement and pitch angular velocity. To obtain
essential and accurate results about the performance of the suspension system, the effect of some
system parameters such as the front and rear spring stiffness, as well as the front and rear dampers
coefficients were studied. Matlab Software is used for numerical simulation of this half-car
suspension model.
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Introduction

Vehicle dynamics engineers have tried for many years to find a balance between vehicle handling,
ride comfort, and stability. The effects of this are evident in the automobiles that exist today. On
one end of the spectrum are huge sedans and premium vehicles with superb ride quality but merely
passable handling. On the opposite end of the range are sports vehicles with excellent handling and
a very stiff ride. In between are a variety of variations determined by the car manufacturer and the
needs of the intended market. Every suspension is designed with two objectives in mind: passenger
comfort and vehicle control. The passengers' comfort is achieved by insulating them from road
disturbances such as shocks and potholes. Control is achieved by preventing the vehicle's body
from excessively rolling and pitching, and by maintaining tire contact with the road [1].

The vibration of the car and seat causes driver fatigue and reduces driver safety and vehicle
stability. Developing an upgraded suspension system to attain a high level of ride quality is
therefore one of the automobile industry's most significant ride issues. Consequently, the objective
of vehicle suspension systems is to reduce the acceleration of both the vehicle body and the
passenger seat. Realistically, a number of vehicle parameters are subject to uncertainty; therefore, it
is crucial to deal with vehicle suspension due to uncertain parameters in engineering applications

2]

The suspension system of a vehicle varies by manufacturer, resulting in a large variety of models.
Regardless of the design approach adopted, a suspension system's principal job is to ensure the
safety function. Uneven roads are known to cause oscillations in vehicle wheels, which are
conveyed to their axles. It is evident that the function of the suspension system that connects the
axles to the car body is to decrease as many vibrations and shocks as possible. This necessitates the
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use of a better-quality suspension. A great suspension must accomplish good vehicle behavior and
a level of comfort based on the interaction between the vehicle and an uneven road surface [3, 4].

When a vehicle is required by an uneven road profile, there should not be excessive oscillations,
and if they do exist, they must be eliminated as soon as possible. The design of a vehicle's
suspension necessitates a set of calculations based on the intended function. Suspension systems are
commonly categorized as passive, semi-active, active, and numerous systems in between [5].
Passive systems are most prevalent. The suspension is subjected to a variety of road conditions,
such as a single step road profile, brake and release maneuver, sinusoidal road profile with pitching,
heaving, and mixed model excitation, broadband road profile, etc., at constant or variable speed [6].
The measuring of road surface quality is one of the most significant prospects for automobile
manufacturers worldwide. The operation of measuring instruments relies heavily on displacement
transducers [7]. This research analyzes the vibrational effect a vehicle experiences when subjected
to varied road profiles. A vehicle model with linear and nonlinear parameters is created for this
aim. For road profile testing, a 1992 Hyundai Elantra half-car model with front suspension is
utilized.

Mathematical model

Automotive and vibration experts are extremely interested in suspension modeling. When a vehicle
passes over a speed bump, the ride quality is the primary concern of the engineers.

In contrast to the quarter vehicle model, which analyzes only one wheel, the half car model
considers two wheels, namely one front and one rear wheel. In these types of models, fifty percent
of the vehicle's weight, including that of the occupants, is considered for analytical purposes. The
primary advantages of models of this type are:

1. Pitch motions of a vehicle can be imitated.

2. The properties of the front and rear dampers and springs can be represented differently, just as
they are on the actual car.

3. Body motions and the influence of the center of gravity can be reproduced.

This paper demonstrates how to model a basic half-car with independent front and rear vertical
suspension. Additionally, the model incorporates body pitch and bounce degrees of freedom. The
example describes the model to demonstrate how simulation can be used to examine ride
characteristics. This model can be used in conjunction with a powertrain simulation to analyze
longitudinal shuffling caused by throttle setting changes.

Figure 1 depicts the half-modeled car's characteristics. As spring/damper systems, the front and rear
suspensions are modeled. A more comprehensive model would incorporate a tire model and
nonlinear damper characteristics, such as velocity-dependent damping (with greater damping
during rebound than compression). The body of the vehicle possesses pitch and bouncing degrees
of freedom. Four states are used to represent them in the model: vertical displacement, vertical
velocity, pitch angular displacement, and pitch angular velocity. Using vector algebra blocks, axis
transformations and force/displacement/velocity computations can be performed on a model with
six degrees of freedom. The first equation describes the effect of the front suspension on the
vertical degree of freedom (bounce), while equations 2, 3, and 4 represent the pitch moments due to
the suspension, and equations 5 and 6 represents the moments and forces result in body motion,
according to Newton's Second Law:

Pr = 2Ky (Lpf — (z+ h) ) + 2Cp(Lpf — 2) @)
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P = —2K. (L0 — (z+h)) — 2C, (L6 — 2) (3)
T, = L.P. (4)
M,z = P + Bmg (5)
Ly6 =T+ T, +T, (6)

Where the nomenclature can be written as:

Symbol Description
Mp half the mass of the vehicle
Ty Moment of pitch generated by vehicle acceleration
Ts Moment of pitch due to front suspension
T, Moment of pitch due to rear suspension
lyy | The moment of inertia about the COG
Ps Upward force on the vehicle body from the front suspension
P, Upward force on the vehicle body from the rear suspension
Kt The tire coefficient at front tire
K The tire coefficient at rear tire
L Distance between COG and front tire
L, Distance between COG and rear tire
h Road profile or road high
0 Pitch angle
2] Rate of change in pitch angle
z
VA

Bounce distance
Rate of change in the bounce distance

Figure 1. half suspension model of a vehicle

Road profile diagrams

In this work, two distinct road profiles are offered to stimulate the vehicle's suspension system. The
initial profile input is a single 12 cm-tall bump. The second profile input is a road profile chosen at
random. These two inputs for the road profile are depicted in figures 2 and 3.
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Figure 3. The second road profile: Random signal
of the system

Figure 4 shows The Simulink model of the suspension system for half vehicle model which built by
using the previous six equations. This model is available in the Matlab library, but we made some
modifications to it and changed the input signal, where it was once as a step signal and the second
time was a random signal, which will lead to better analysis and evaluation of the suspension
system and more understanding.

Before run the model,

the system variables that were specified as follows must be entered:

Lf=0.82m, Lr = 1.25 m, My, = 1190 kg, lyy = 2100 kg m?, K= 29100 N/m, Kr = 23221 N/m, C =
2450 N.sec/m, C, = 2045 N.sec/m.
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Figure 4. Simulink model of half suspension system
Simulation results of the system

Matlab/Simulink will be used to investigate the dynamic behavior of a half-vehicle model.
Simulation in the time domain has been undertaken to test the vehicle's dynamic response with
passive suspension systems. The numerical simulation was conducted under two distinct road
profile types that are the step signal and the random signals.
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Figure 5. Bounce time response: a) at the step signal, b) at the random signal
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Figure 6. Pitch time response: a) at the step signal, b) at the random signal
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Figure 7. Upward force on the vehicle body from the front suspension: a) at the step signal, b)
at the random signal
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Figure 8. Upward force on the vehicle body from the rear suspension: a) at the step signal, b)
at the random signal

Conclusion

This study showed an evaluation of car suspension system at different physical variables, as work
was done to form a mathematical model of the suspension system, through which a Simulink model
was created. Some important outputs of the system have been tested as the bounce time response,
pitch time response, and the upward force on the vehicle body at two types of road profiles, which
are step signal and random signal. According to this paper, the reader can evaluate the suspension
system performance at several system variables and under different road profiles and conditions. As

a future work, some of modern control techniques should be used to achieve a better performance
of the proposed system.

References

1. Abdussalam Ali Ahmed and Basar Ozkan, “Analysis of effect of in-wheel electric motors mass

on passive and active suspension systems”, ARPN Journal of Engineering and Applied
Sciences, Vol. 10, No. 14, August 2015.

2. Ali Mohammadzadeh, SalimHaider, “Analysis and Design of Vehicle Suspension System
Using MATLAB and SIMULINK”, American Society for Engineering Education, 2006.

3. M. Silveira, B.R.Pontes., J. M. Balthazar, “Use of Nonlinear Asymmetrical Shock Absorber to

Improve Comfort on Passenger Vehicles”, Journal of Sound and Vibration 333, 2114-2129,
2014.

Published under an exclusive license by open access journals under Volume: 1 Issue: 6 in Nov-2021
Copyright (c) 2021 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

175



e
International Journal of Discoveries and

' J D |AS Innovations in Applied Sciences

| e-1SSN: 2792-3983 | www.openaccessjournals.eu | Volume: 1 Issue: 6

4. Md. ZahidHossain and Md. NurulAbsarChowdhury, “Ride Comfort of 4 DoF Nonlinear Heavy
Vehicle Suspension”, ISSCO Journal of Science and Techology Volume 8-No. 13, 80-85, 2012.

5. C.B.Patel, P.P Gohil and Borhade, “Modeling and Vibration Analysis of Road Profile
Measuring System”,International Journal of Automotive and Mechanicl Engineering (IJAME)
Volume 1, pp.13-28, 2010.

6. A. Mitra, N. Benerjee, H. A. Khalane, M. A. Sonawane, D. R. Joshi, “ Simulation and Analysis
of Full Car Model for Various Road profile on a Analytically Validated MATLAB/SIMULINK
Model”, IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) ISSN(e) : 2278-
1684, ISSN(p) : 2320-334X, PP : 22-33.

7. Andronic Florin, Manolache-Rusuioan-Cozmin, Patuleanuliliana, ‘“Passive Suspension
Modeling using MATLAB, Quarter Car Model, Input Signal Step Type”, TEHNOMUS - New
Technologies and Products in Machine Manufacturing Technologies, 2013.

8. A. A. Ahmed and A. F. Saleh Alshandoli, "On replacing a PID controller with Neural Network
controller for Segway," 2020 International Conference on Electrical Engineering (ICEE), 2020,
pp. 1-4, doi: 10.1109/ICEE49691.2020.9249811.

9. Shariati A., Taghirad H. D. and Fatehi A., “Decentralized robust H-co controller design for a
full car active suspension system” Control 2004. University of Bath, United Kingdom. 2004.

10. A. Ali Ahmed and M. Emheisen, "Analysis of Vehicle Handling Using a Simple Track Model
of Automobile,” 2019 19th International Conference on Sciences and Techniques of Automatic
Control and  Computer  Engineering  (STA), 2019, pp. 130-133, doi:
10.1109/STA.2019.8717244.

11. Ali Mohammadzadeh, SalimHaider, “Analysis and Design of Vehicle Suspension Model Using
MATLAB and SIMULINK”, American Society for Engineering Education, 2006.

12. A. A. Ahmed, J. Santhosh and F. W. Aldbea, "Vehicle Dynamics Modeling and Simulation
with Control Using Single Track Model,” 2020 IEEE International Women in Engineering
(WIE) Conference on Electrical and Computer Engineering (WIECON-ECE), 2020, pp. 1-4,
doi: 10.1109/WIECON-ECE52138.2020.9397983.

13. Narinder Singh, Himanshu Chhabra and Karansher Bhangal, “Robust Control of Vehicle Active
Suspension System” International Journal of Control and Automation (IJCA), 2016, Vol. 9,
No.4, pp. 149-160.

14. 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), 2020, pp. 1-6, doi: 10.1109/ICECOCS50124.2020.9314426.

15. M. Silveira, B.R.Pontes., J. M. Balthazar, “Use of Nonlinear Asymmetrical Shock Absorber to

Improve Comfort on Passenger Vehicles”, Journal of Sound and Vibration 333, 2114-2129,
2014.

16. A. A. Ahmed and A. F. Saleh Alshandoli, "Using Of Neural Network Controller And Fuzzy
PID Control To Improve Electric Vehicle Stability Based On A14-DOF Model,” 2020
International Conference on Electrical Engineering (ICEE), 2020, pp. 1-6, doi:
10.1109/1CEE49691.2020.9249784.

Published under an exclusive license by open access journals under Volume: 1 Issue: 6 in Nov-2021
Copyright (c) 2021 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

176



e
International Journal of Discoveries and

' J D |AS Innovations in Applied Sciences

| e-1SSN: 2792-3983 | www.openaccessjournals.eu | Volume: 1 Issue: 6

17.Li Y., Ang K. H. and Chong G. C. Y., “PID control system analysis and design” IEEE Control
Systems Magazine, 2006,Vol. 26, No.1, pp. 32-41.

18. A. A. Ahmed and O. S. M. Jomah, "Vehicle Yaw Rate Control For Lane Change Maneuver
Using Fuzzy PID Controller And Neural Network Controller,” 2020 IEEE 2nd International
Conference on Electronics, Control, Optimization and Computer Science (ICECOCS), 2020,
pp. 1-6, doi: 10.1109/ICECOCS50124.2020.9314541.

19. Alireza Mohammadzadeh and Salim Haider, “Analysis and design of vehicle suspension system
using MATLAB and SIMULINK” Grand Valley State University, 2006.

20. Abdussalam Ali Ahmed and Basar Ozkan, “Evaluation Of Effect Of In-Wheel Electric Motors
Mass On The Active Suspension System Performance Using Linear Quadratic Regulator
Control Method”, International Journal of Engineering Research & Technology (1JERT), Vol.
4 |Issue 01,January-2015.

21. 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.

22. Abdussalam Ali Ahmed and Basar Ozkan, “Stability And Dynamic Control Of Four In-Wheel
Motored Vehicle Using Fuzzy PID Controller”, International Journal of Mechanical &
Mechatronics Engineering IIMME-IJENS, Vol:16 No:03. June 2016.

23. Ikbal Eski and Sahin Yildirim, “Vibration control of vehicle active suspension system using a
new robust neural network control system” Simulation Modelling Practice and Theory, 2009,
Vol.17, pp.778-793.

24. Abdussalam Ali Ahmed, Rafat S. A, Abumandil, Full Vehicle Suspension System with In-
Wheel Electric Motors, European Academic Research, Vol. VII, Issue 1/ April 2019.

25. 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

26. Abdussalam Ali Ahmed, Omar Ahmed Mohamed Edbeib, Aisha Douma, and Ibrahim Imbayah
Khalefah Imbayah, Electric vehicles revolution: The future, challenges, and prospects in the
Arab countries, Global Journal of Engineering and Technology Advances, 2021,06(03),081-
087,D0I1:10.30574/gjeta.2021.6.3.0040

27.M. S. Kumar, “Development of Active Suspension System for Automobiles using PID
Controller” Proceedings of the World Congress on Engineering, London, U.K., Vol.2, 2008.

28. Abdussalam Ali Ahmed, Quarter car model optimization of active suspension system using
fuzzy PID and linear quadratic regulator controllers, Global Journal of Engineering and
Technology Advances, 2021, 06(03), 088-097, DOl url:
https://doi.org/10.30574/gjeta.2021.6.3.0041.

29. 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

Published under an exclusive license by open access journals under Volume: 1 Issue: 6 in Nov-2021
Copyright (c) 2021 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

177



e
International Journal of Discoveries and

| J D |AS Innovations in Applied Sciences

| e-1SSN: 2792-3983 | www.openaccessjournals.eu | Volume: 1 Issue: 6

30. A. Alsharif, C. W. Tan, R. Ayop, A. A. Ahmed, and M. M. Khaleel, "Electric Vehicle
Integration with Energy Sources: Problem and Solution Review," African Journal of Advanced
Pure and Applied Sciences (AJAPAS), vol. 1, Issue 1,pp. 27-20,2021.

31. F. G. Ibrahim Salem, R. Hassanpour, A. A. Ahmed and A. Douma, "Detection of Suspicious
Activities of Human from Surveillance Videos," 2021 IEEE 1st International Maghreb Meeting
of the Conference on Sciences and Techniques of Automatic Control and Computer
Engineering MI-STA, 2021, pp. 794-801, doi: 10.1109/MI-STA52233.2021.9464477.

32. Abdussalam Ali Ahmed and Basar Ozkan, “Using of Fuzzy PID Controller to Improve Vehicle
Stability for Planar Model and Full Vehicle Models”, International Journal of Applied
Engineering Research, ISSN 0973-4562 VVolume 12, Number 5 (2017) pp. 671-680.

33. M.M. Khaleel, A.Alsharif,and I.I.Khalefah Imbayah, “Renewable Energy Technologies: Recent
Advances and Future Predictions,” African Journal of Advanced Pure and Applied Sciences
(AJAPAS), Vol. 1, Issue 3,pp. 58-64,2022.

34. Rosheila Binti Darus, “Modeling and control of active suspension for a full car model” M.Sc.
Thesis, University Teknologi Malaysia, 2008

35. Abdussalam Ali Ahmed, Alaa R.H. Abunada, Vehicle Yaw Rate Control Based on Fuzzy PID
Control Technology, Journal of Advanced Research in Mechanical Engineering and
Technology, Volume 5, Issue 3&4 - 2018, Pg. No. 17-23.

Published under an exclusive license by open access journals under Volume: 1 Issue: 6 in Nov-2021
Copyright (c) 2021 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

178



