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Abstract

Recent years have witnessed a significant development in the suspension
systems used in motor vehicles, due to the important role they play in
absorbing and damping vibrations. The main objective of this research is to
study the effect of suspension springs and vibration dampers on the
smoothness of motion of the vehicle in particular, and to analyze the
performance of the suspension system in general.

In this work, the modern scientific methods were applied, which include
modeling and simulation operations using the state space method and
Matlab-2018 program on the one hand, and modeling and simulation
operations using Simulink program on the other hand. In addition to using
the famous program Excel.

The results of the research showed that in order to obtain the optimal
solutions for reducing the harmful effects of the dynamic forces, and
vibrations generated when the car is moving on uneven roads, the following
should be adopted: 1 - the average stiffness of the suspension spring must be
in the range ( 10-20 )% of the stiffness of the wheel tire, 2 - the allowed
damping intensity A for passenger cars must be in the range (0.3-0.6)) in
order to avoid the risk of resonance. The results of the research also showed
the natural frequencies and specifications of the vibration of the vehicle body
for two different study cases, one of which is a passenger car and the other is
a truck. For future studies, work should be done to develop the dynamic
model of the suspension system, which leads to an increase in riding
comfort.

Keywords: suspension system, stiffness , vibration dampers, smoothness
of motion, state space , modeling and simulation , damping intensity , ride
comfort .
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m, (Kg) | 255 | 215 820 | 994
m, (Kg) | 43 57 133 | 321

K (KN/m) | 357 | 23.8 | 151 | 366
CAKN.s/m)| 3311 | 2207 | 1138 | 27.41
K, (KN/m)| 175 | 175 | 809 | 809
K(KN/m) | 29.65 | 20.95 | 127.2 | 252
wi (rads) | 10.78 | 9.87 | 12.46 | 15.92

(Hz) 172 | 157 | 1.98 | 2.5
K,(KN/m) | 2107 | 198.8 | 960 | 1175
w; (radis) | 66.25 | 59.06 | 84.96 | 60.50

(Hz) | 1055 | 9.40 | 1353 | 9.63
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A*10° | 3380 | 2113 | 1408
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A*10° 104 104 104
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(0} (rad/S) ® (HZ) Ry Ry Ry (0) (rad/s) ® (HZ) Ry Ry Ry
0 0.000 1.00 1.00 1.00 17 2.707 0.55 0.41 0.35
1 0.159 1.01 1.02 1.03 18 2.866 0.49 0.38 0.33
2 0.318 1.05 1.08 1.11 19 3.025 0.44 0.35 0.31
3 0.478 1.12 1.19 1.27 20 3.185 0.40 0.32 0.29
4 0.637 1.24 1.37 1.52 21 3.344 0.36 0.30 0.28
5 0.796 1.41 1.65 1.82 22 3.503 0.34 0.28 0.26
6 0.955 1.69 2.05 1.96 23 3.662 0.31 0.27 0.25
7 1.115 2.12 2.38 1.71 24 3.822 0.29 0.26 0.24
8 1.274 2.76 2.21 1.34 25 3.981 0.28 0.25 0.23
9 1.433 3.20 171 1.04 26 4.140 0.26 0.24 0.23
10 1.592 2.70 1.29 0.84 27 4.299 0.25 0.23 0.22
11 1.752 1.95 1.00 0.70 28 4.459 0.24 0.22 0.21
12 1.911 1.43 0.81 0.60 29 4.618 0.23 0.21 0.21
13 2.070 1.10 0.68 0.52 30 4.777 0.22 0.21 0.20
14 2.229 0.89 0.58 0.47 31 4.936 0.21 0.20 0.20
15 2.389 0.74 0.51 0.42 32 5.096 0.21 0.20 0.20
16 2.548 0.63 0.46 0.38 33 5.255 0.20 0.19 0.19
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o (rad/s) | o (Hz) Ry Ry Ry o (rad/s) | o (Hz) Ry Ry Ry
0 0.000 1.00 1.00 1.00 17 2.707 0.27 0.42 0.58
1 0.159 1.02 1.02 1.02 18 2.866 0.25 0.39 0.55
2 0.318 1.10 1.09 1.09 19 3.025 0.23 0.36 0.52
3 0.478 1.24 1.22 1.19 20 3.185 0.21 0.34 0.49
4 0.637 1.51 1.42 1.33 21 3.344 0.20 0.32 0.46
5 0.796 2.02 1.68 1.46 22 3.503 0.19 0.31 0.44
6 0.955 2.91 1.90 1.53 23 3.662 0.18 0.29 0.42
7 1.115 3.11 1.86 1.50 24 3.822 0.17 0.28 0.41
8 1.274 2.00 1.58 1.39 25 3.981 0.16 0.27 0.39
9 1.433 1.29 1.27 1.25 26 4.140 0.15 0.26 0.38
10 1.592 0.92 1.03 1.11 27 4.299 0.15 0.25 0.36
1 1.752 0.70 0.85 0.99 28 4.459 0.14 0.25 0.35
12 1.911 0.56 0.72 0.89 29 4618 0.14 0.24 0.34
13 2.070 0.46 0.63 0.80 30 4777 0.13 0.23 0.33
14 2.229 0.40 0.56 0.73 31 4.936 0.13 0.23 0.32
15 2.389 0.35 0.50 0.68 32 5.096 0.13 0.22 0.31
16 2.548 0.31 0.46 0.63 33 5.255 0.13 0.22 0.30
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X1 =171 - .7'51 = 21 ; Xy = 21 = 5(2
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K1/m2,Cd/m2,-K1/m2-K2/m2,-Cd/m2];
B=[0;0;0;K2/m2];

Stage (3): Matrices of output Equation
C1=[1,0,0,0];

C2=[0,0,1,0];

C3=[0,1,0,0];

C4=[0,0,0,1];

D=[0];

Stage (4) : Calculating Displacement and

Velocity

Z1=ss(A,B*u,C1,D);
Z2=ss(A,B*u,C2,D);
V1=ss(A,B*u,C3,D);
V2=ss5(A,B*u,C4,D);

Stage (5) : Results Output

figure;

step(Z1,V1)

axis([0 10 -1 2])

legend(' Displacement ','velocity');
title("Velocity and displacement of Sprung

Mass")

figure;

step(Z2,V2)

axis([01-27])

legend(' Displacement ','velocity');
title("Velocity and displacement of UnSprung

Mass")

pn Al e pully JEY) cliaie 4891 J&EY) s

13y g paall VLAl (e Ala JSTg ciy)zaY) sylad)

.Zp=20cm la,laaa (3yydall 40 Ja0 35L8) aie

s Ayl Sealiall HUaill 51Skal) iy Aaaydl lye)
I3 iy

Gilaral) JAS -1
mq, my, KHKZ 'Cd ,u

t//ﬂ—/’/—/’—

Al cldgian clwa -2

m; mp my ' m_z
B =1[0;0;0;K,/m; ]

4

zA) cldhae JAo -3
Cl = [1IOIOPO] H CZ = [0’0’1!0]
€3 =1[0,1,00]; ¢, =[0,0,0,1]
D =101

|}

Alal) plad aladduly Aspully JEIY) ilua -4

Z, = statespace(A,B *u,C;,D)
Z, = statespace(A,B *u,C,, D)
V, = statespace(A,B *u,C3,D)
V, = statespace(A,B *u,C,, D)

4

il jledi) -5

Zi=f®),Vi=f(@®
Z,=f(t), V, =f(t)

—

Galal) Alay Blslaa Jalpa (11)JSEY

Stage (1) : Data input
ml=input('Enter value of m1:);
m2=input('Enter value of m2:');
K1=input('Enter value of K1:");
K2=input('Enter value of K2:);
Cd=input('Enter value of Cd:");
u=input('Enter value of u:;
Stage (2): Matrices of State Equation
A=[0,1,0,0;-K1/m1,-
Cd/m1,K1/m1,Cd/m1;0,0,0,1;
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