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Abstract. The dynamic load acting on the vehicle has a variable value, it
depends on the moving conditions, road quality and tire stiffness, etc. In this
paper, the authors study on the effects of the tire vertical stiffness on dynamic
load acting on DVM 2.5 truck. The method of structural separation multi-body
system and the Newton–Euler equation are used to set the three-dimensional
dynamics model. Matlab-simulink software is used to consider the effects of the
tire vertical stiffness on dynamic load of DVM 2.5 truck. The results show that,
when the tire vertical stiffness is increased, the maximum dynamic load acting
on the tires, chassis and road rises and the transmission capacity drops. In order
to ensure the dynamics safety and durability, a fully loaded DVM 2.5 truck is
run on a class E road according to ISO 8608:2016, the speeds must be less than
50 kph and the tire vertical stiffness must be less than 912 kN/m.
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1 Introduction

The dynamic load acting on the vehicle is the cause of vibration, loss of dynamics
safety, vehicle damage and road destruction. The specifications are used to evaluate the
dynamic load acting on vehicle as following formulas:

(i) The maximum dynamic load factor acting on the chassis (ηmax): This specifi-
cation is used to evaluate the smooth movement and durability of the vehicle [1–
3].

gmax ¼
FCmax þFKmax

FG
; gmax � 1:5 ð1Þ

(ii) The maximum dynamic load factor acting on the tire (Kdmax): This specification
is used to evaluate the dynamics safety, smooth movement and durability of the
vehicle [1–3].

Kdmax ¼ FCLmax

FG
þ 1; Kdmax � 2:5 ð2Þ

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
D. C. Nguyen et al. (Eds.): ICERA 2021, LNNS 366, pp. 128–134, 2022.
https://doi.org/10.1007/978-3-030-92574-1_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92574-1_13&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92574-1_13&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92574-1_13&amp;domain=pdf
https://doi.org/10.1007/978-3-030-92574-1_13


(iii) The minimum dynamic load factor acting on the tire (Kdmin): This specification
is used to evaluate the vehicle dynamics safety and tire transmission capacity
[1–3].

Kdmin ¼ FCLmin

FG
þ 1; 0�Kdmin � 1 ð3Þ

Kdmin = 0.5 within the warning limit; Kdmin = 0 is the intervention limit.

2 The Three-Dimensional Dynamics Model

The method of separating the structure of the multibody system is used to build a three-
dimensional (3D) dynamics model of DVM 2.5 truck is shown in Fig. 1 [4–6].
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Fig. 1. Dynamics model of the DVM 2.5 truck
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The Newton–Euler equations are used to build the system of dynamics equations
for DVM 2.5 truck as follows [4–6] (Table 1):

m€x ¼ Fx1jcosd1j � Fy1j sin d1j þ Fx2j; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð4Þ
m€y ¼ Fx1j sin d1j þFy1jcosd1j þ Fy2j; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð5Þ

Jz€w ¼ ðFx1j sin d1j þFy1jcosd1jÞl1 þðFxi2 � Fxi1Þbi � Fy2jl2 ð6Þ

m€z ¼ FCij þFKij; i ¼ 1� 2; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð7Þ

Jy€u ¼ ðFC1j þFK1jÞl1 � ðFC2j þFK2jÞl2 þM1j þM2j; j ¼ 1 is lef wheel; i
¼ 2 is right wheel ð8Þ

Jx€b ¼ ðFCi2 þFKi2 � FCi1 � FKi1Þwi; i ¼ 1� 2 ð9Þ

mA1€zA1 ¼ FCLij þFKLij � FCij � FKij; i ¼ 1� 2; j ¼ 1 is left wheel; i
¼ 2 is right wheel ð10Þ

mA1€yA1 ¼ Fy1j ; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð11Þ

JAx1€bA1 ¼ ðFC11 þFK11 � FC12 � FK12Þw1 þðFCL12 þFKL12 � FCL11 � FKL11Þb1
� Fy11ðr11 þ nA11Þ � Fy12ðr12 þ nA12Þ

ð12Þ

mA2€zA2 ¼ FCL2j þFKL2j � FC2j � FK2j; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð13Þ

mA2€yA2 ¼ Fy2j; j ¼ 1 is left wheel; i ¼ 2 is right wheel ð14Þ

JAx2€bA2 ¼ ðFC21 þFK21 � FC22 � FK22Þw2 þðFCL22 þFKL22 � FCL21 � FKL21Þb2
� Fy21ðr21 þ nA21Þ � Fy22ðr22 þ nA22Þ

ð15Þ

JAyij€uij ¼ MAij �MBij � Fxijrdij; i ¼ 1� 2; j ¼ 1 is left wheel; i ¼ 2 is right wheel

ð16Þ
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3 Survey Results and Discussions

Matlab-Simulink software is used to consider the tire vertical stiffness on dynamic load
acting on DVM 2.5 truck. The DVM 2.5 truck is fully loaded and is run at speeds
V0 = [30, 40, 50, 60] kph on a class E road according to ISO 8608:2016 is shown in
Fig. 2 [7].

Table 1. A list of symbols and abbreviations

Symbols Units Explain

i Axle number of the truck, i = 1 � 2
j j = 1 is left wheel; j = 2 is right wheel; j = 1 � 2
d Degree Front wheel turn angle
li m Longitudinal distance of axle i from mass center
h2 m Height of mass center from the ground
b m Lateral distance of the wheels
uij rad Rotation angle of the ij wheel
b, u, w Degree Rotation angle of the tractor body around the x, y, z axis
m, mA kg Mass and un-sprung mass of the truck
Jx, Jy, Jz kgm2 Moment of inertia about the x, y, z axis of the sprung mass
JAyij kgm2 Moment of inertia about the y-axis of the ij wheel
FCij N The suspension elastic force of the ij wheel
FKij N The suspension damping force of the ij wheel
FCLij N The tire elastic force of the ij wheel
Fxij N The longitudinal force of the ij wheel
Fyij N The lateral force of the ij wheel
Fzij N The vertical force of the ij wheel
FGij N The static weight of the ij wheel
MAij, MBij Nm Driving torque and braking torque of the ij wheel

Fig. 2. Road surface according to ISO 8608:2016 standards
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The tire vertical stiffness of the DVM 2.5 truck is CL = 652 kN/m. When sur-
veying, the tire vertical stiffness value is changed as CL0 = [0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
1.1, 1.2, 1.3, 1.4, 1.5] CL, the survey results are as follows:

When the DVM 2.5 truck is run on a class E road at speeds V0 = [30 � 60] kph, if
the tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the maximum dynamic
load factor acting on the chassis at the front axle is about η1max = [0.68 � 0.88] shown
in Fig. 3a. According to Fig. 3a, the value of the maximum dynamic load factor acting
on the chassis at the front axle is g1max � gmax ¼ 1:5, the truck has smooth movement
and durability.

When the DVM 2.5 truck is run on a class E road at speeds V0 = [30 � 60] km/h, if
the tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the maximum dynamic
load factor acting on the chassis at the rear axle is about η2max = [0.46 � 0.91] shown in
Fig. 3b, g2max � gmax ¼ 1:5, the truck has smooth movement and durability.

Figure 4a is a graph showing themaximumdynamic load factor acting on the front tires
when the DVM2.5 truck is run on a class E road at speedsV0 = [30 � 60] kph. According
to Fig. 4a, the tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the maximum

Fig. 3. Maximum dynamic load factor acting on the chassis

Fig. 4. Maximum dynamic load factor acting on the tires
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dynamic load factor acting on the front tire is about Kd1max = [1.62 � 1.96],
Kd1max � Kdmax ¼ 2:5. The front tire of the DVM 2.5 truck has smooth movement and
durability, and dynamics safety.

Figure 4b is a graph showing the maximum dynamic load factor acting on the rear
tires when the truck is run on a class E road at speeds V0 = [30 � 60] kph. When the
tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the maximum dynamic
load factor acting on the rear tires is increased, Kd2max = [1.56 � 2.1],
Kd2max � Kdmax ¼ 2:5. The rear tires of the DVM 2.5 truck has smooth movement
and durability, and dynamics safety.

The minimum dynamic load factor acting on the front tires when the DVM 2.5
truck is run on a class E road at speeds V0 = [30 � 60] kph shown in Fig. 5a. When
the tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the minimum
dynamic load factor acting on the front tires drops, Kd1min = [0.36 � 0]. When the
DVM 2.5 truck is run at V0 = [30 � 50] kph, Kd1min is within the warning limit,
0 < Kd1min � 0.5. The front tires of the DVM 2.5 truck have dynamics safety and tire
transmission capacity. When the DVM 2.5 truck is run at a speed of V0 = 60 kph, the
value of the minimum dynamic load factor acting on the front tires Kd1min = 0, Kd1min

within the intervention limit. The front tires of the DVM 2.5 truck don’t have dynamics
safety and tire transmission capacity.

The minimum dynamic load factor acting on the rear tires is shown in Fig. 5b. When
the tire vertical stiffness is increased from CL0 = [0.5 � 1.5] CL, the minimum dynamic
load factor acting on the rear tires drops, Kd2min = [0.54 � 0]. When CL0 = [0.5 � 1.4]
CL, Kd2min is within the warning limit, 0 < Kd2min � 0.5. The rear tire of the DVM 2.5
truck has dynamics safety and tire transmission capacity. When CL0 = 1.5C, Kd2min is
within the intervention limit, Kd2min = 0. The rear tires of the DVM 2.5 truck don’t have
dynamics safety and tire transmission capacity.

Fig. 5. Minimum dynamic load factor acting on the tires
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4 Conclusions

When the tire vertical stiffness is increased, the maximum dynamic load value on the
tires, chassis and road rises, and the transmission capacity drops. Therefore, the smooth
movement and durability, and dynamics safety of the DVM 2.5 truck drop. A fully
loaded DVM 2.5 truck is run on a class E road according to ISO 8608:2016, the speeds
must be less than 50 kph and the tire vertical stiffness must be less than 912 kN/m (or
CL0 � 1.4CL), the DVM 2.5 truck is ensured dynamics safety and durability.
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