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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 (1ax): This specifi-
cation is used to evaluate the smooth movement and durability of the vehicle [1-
3]

_FCmax'i‘FKmax.

Mmax _Tv Mmax S L5 (1)

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

F CL max

Kimax = +1; Kamax < 2.5 (2)
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(iii) The minimum dynamic load factor acting on the tire (Kgni,): This specification
is used to evaluate the vehicle dynamics safety and tire transmission capacity
[1-3].

F .
Kimin = C;:m +1; 0<Kymin <1 (3)

Kdmin = 0.5 within the warning limit; Ky, = O 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].

FZ12

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):

mx = Fyjc0801; — Fyi;sin01j + Fryj; j = lisleft wheel; i = 2 is right wheel ~ (4)
my = Fyjsin 8y + Fyijcosdy; + Fyoj; j = lisleftwheel; i = 2isright wheel ~ (5)
T = (Fuysin &1+ Fyijc0801)ly + (Fxia — Fuat)bi — Fyojla (6)

mz = Fejj+ Frij; i=1+2; j=1 isleftwheel; i =2 isright wheel (7)

]y¢ = (FClj+FK1j)ll — (FC2j+FK2j>ZZ +M1j+M2j;j =1is lef wheel; i

= 2 is right wheel (8)
JoB = (Fcip+ Frp — Fein — Fxn)w; i =12 )

ma1Za1 = Fepj+ Fgry — Foij — Fryy i =1-+2; j =1 isleft wheel; i
= 2 is right wheel (10)
maiya1 = Fyij; j = lisleft wheel; i = 2 is right wheel (11)

Jaxi By = (Feni +Fxii — Fero — Fxio)wi + (Fepio + Friz — Fernn — Fron )b
— Fyui(rin+&an) — Fyia(rio + &ann)

(12)
mAQZAz = FCLZj +FKL2j — FCZj - FK2j; ] =1lis left wheel; i=2is right wheel (13)

maoyar = Fyoj; j = lisleft wheel; i = 2is right wheel (14)

JAXZBA2 = (Fea1 + Fro1 — Femn — Fxoo)wo + (Fero + Frio — Feior — Frio)ba
— Fy1(ra1 + &aa1) — Fyoa(ra2 + &an)

(15)

Jayiipij = Maij — Mpij — Fujray; i = 1+ 2; j = lisleft wheel; i = 2isright wheel
(16)
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Table 1. A list of symbols and abbreviations

Symbols | Units | Explain

i Axle number of the truck,i=1 + 2

j j = 1is left wheel; j = 2 is right wheel; j =1 + 2

) Degree | Front wheel turn angle

l; m Longitudinal distance of axle i from mass center

h, m Height of mass center from the ground

b m Lateral distance of the wheels

Oij rad Rotation angle of the ij wheel

B, @, U | Degree | Rotation angle of the tractor body around the x, y, z axis
m, mA kg Mass and un-sprung mass of the truck

Jo Iy, J; kgm® | Moment of inertia about the x, y, z axis of the sprung mass
Jayij kgm? | Moment of inertia about the y-axis of the ij wheel

Fey N The suspension elastic force of the ij wheel

Fyyj N The suspension damping force of the ij wheel

Fepi N The tire elastic force of the ij wheel

Fiij N The longitudinal force of the ij wheel

Fuj N The lateral force of the ij wheel

Fy N The vertical force of the ij wheel

Faj N The static weight of the ij wheel

My, Mp;; | Nm Driving torque and braking torque of the ij wheel

3 Survey Results and Discussions

131

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
Vo = [30, 40, 50, 60] kph on a class E road according to ISO 8608:2016 is shown in

Fig. 2 [7].
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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 C;, = 652 kN/m. When sur-
veying, the tire vertical stiffness value is changed as Cp, = [0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
1.1, 1.2, 1.3, 1.4, 1.5] Cy, the survey results are as follows:

0.6 + . — o !
05 06 07 08 09 10 11 12 13 14 15 05 06 07 08 09 10 11 12 13 14 15
x C (kN/m) x Cr (kN/m)
a. Front axle b. Rear axle

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

When the DVM 2.5 truck is run on a class E road at speeds V¢ = [30 <+ 60] kph, if
the tire vertical stiffness is increased from Cy = [0.5 + 1.5] Cp, the maximum dynamic
load factor acting on the chassis at the front axle is about 1. = [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 1S ] < fmax = 1.5, the truck has smooth movement
and durability.

When the DVM 2.5 truck is run on a class E road at speeds V = [30 + 60] km/h, if
the tire vertical stiffness is increased from Cp o = [0.5 + 1.5] Cy, the maximum dynamic
load factor acting on the chassis at the rear axle is about Ny.x = [0.46 + 0.91] shown in
Fig. 3b, Ny max < Mmax = 1.5, the truck has smooth movement and durability.

Figure 4ais a graph showing the maximum dynamic load factor acting on the front tires
when the DVM 2.5 truck is run on a class E road at speeds Vo = [30 < 60] kph. According
to Fig. 4a, the tire vertical stiffness is increased from Cy o = [0.5 + 1.5] C;, the maximum

22
20 V=30Km/h
2.1 V=40Km/h
A (’ 20 e V=50Km/h )
19 = 8 V=60Km, (
g é 1.9
= 18 S 18
= =
2 SR
17 }’/‘ V=30Km/h )(
. / V=40Km/h 16
V=50Km/h 15
V=60Km/h
1.6 7 14 +———
05 06 07 08 09 10 11 12 13 14 15 05 06 07 08 09 1.0 1.1 12 13 14 15
x Cr (kKN/m) x Cr (kN/m)
a. Front axle b. Rear axle

Fig. 4. Maximum dynamic load factor acting on the tires
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dynamic load factor acting on the front tire is about Kgjma.x = [1.62 + 1.96],
Kitmax < Kgmax = 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 Vo = [30 <+ 60] kph. When the
tire vertical stiffness is increased from Cyy = [0.5 <+ 1.5] C;, the maximum dynamic
load factor acting on the rear tires is increased, Kgomax =[1.56 = 2.1],
Kpmax < Kgmax = 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 Vo = [30 + 60] kph shown in Fig. 5a. When
the tire vertical stiffness is increased from Cpg = [0.5 = 1.5] C;, the minimum
dynamic load factor acting on the front tires drops, Kgjmin = [0.36 < 0]. When the
DVM 2.5 truck is run at Vy = [30 + 50] kph, Kgyimi, is within the warning limit,
0 < Kgimin < 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 V = 60 kph, the
value of the minimum dynamic load factor acting on the front tires Kqmin = 0, Kqimin
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 Cy o = [0.5 + 1.5] C;, the minimum dynamic
load factor acting on the rear tires drops, Kgomin = [0.54 = 0]. When Cy o = [0.5 + 1.4]
Cr, Kgomin is within the warning limit, 0 < Kgpomin < 0.5. The rear tire of the DVM 2.5
truck has dynamics safety and tire transmission capacity. When Cp g = 1.5C, Kgomin 18
within the intervention limit, K4, = 0. The rear tires of the DVM 2.5 truck don’t have
dynamics safety and tire transmission capacity.
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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
CLO < 1.4CL), the DVM 2.5 truck is ensured dynamics safety and durability.

References

AW N =

. Rajamani, R.: Vehicle Dynamics and Control. Springer, New York (2012)

. Jazar, R.N.: Vehicle Dynamics Theory and Application. Springer, Switzerland (2017)

. Huong, V.V.: Vehicle Dynamics. Vietham Education Publishing House, Vietnam (2014)

. Nguyen, N.T., Huong, V.V.: The effect of the wheel rotation angle on the braking efficiency

of the tractor semi-trailer on the wet roundabout route. Lecture Notes in Networks and
Systems, pp. 798-804. Springer, Switzerland (2020)

. Tung, N.T., Huong, V.V.: Research on the Dynamic Load of the Tractor Semi-Trailer When

Braking on the Round Road. Lecture Notes in Mechanical Engineering, pp. 456—461.
Springer Verlag, United States (2021)

. Thanh, T.N.: Research on braking efficiency on the roads with different grip coefficients of the

tractor semi-trailer and proposed measures to reduce traffic accidents. Doctoral Thesis, Hanoi
University of Science and Technology, Vietnam (2017)

. ISO 8608:2016: Mechanical Vibration — Road Surface Profiles. Reporting of Measured Data

(2016)



	A Study on the Effects of Tire Vertical Stiffness on Dynamic Load of DVM 2.5 Truck
	Abstract
	1 Introduction
	2 The Three-Dimensional Dynamics Model
	3 Survey Results and Discussions
	4 Conclusions
	References




