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Abstract

The article aims to investigate the influence of vehicle speed and steering wheel angle on the rollover condition
of a 4-axle truck vehicle. A 30-degree-of-freedom (DOF) dynamic model of a 4-axle truck is established using
the Multibody System Method and the Newton-Euler equation system. The vehicle body is described with
6 DOFs. Additionally, 2 DOFs are used to describe the roll motion of the front and rear masses of the vehicle
body, taking into account the influence of the torsional stiffness of the vehicle frame on vehicle dynamics. The
Burckhardt tire model calculates the interaction forces between tires and the road, using experimental
coefficients corresponding to the road with a maximum adhesion coefficient of 0.8. The simulation uses
MATLAB-Simulink, with a 5 to 65 km/h speed range and a steering wheel rotation angle ranging from 25 to
300 degrees. The results have determined the vehicle rollover conditions based on the signs of the load
transfer ratio of the axle and the entire vehicle. Together with the results of lateral acceleration, yaw rate, and
roll angle of the vehicle. This result can be used to propose dynamic thresholds for designing early warning

systems and anti-rollover control systems for multi-axle truck vehicles.

Keywords: Full dynamics model, Burckhardt tire model, Multibody System Method, 4-axle truck vehicle.

1. Introduction

In recent years, there has been a significant
increase in the number of accidents involving truck
vehicles, particularly multi-axle vehicles and
articulated vehicles. These vehicles are large in size
and weight, making them prone to rollovers during
turns or lane changes, as well as collisions with
obstacles. This instability has been a major
contributing factor to many truck accidents. According
to the Insurance Institute for Highway Safety, there
were 4,714 deaths in the US in 2021 due to collisions
involving large trucks. Statistics also show that 52% of
these fatal accidents were caused by large trucks [1].
In Korea, truck accidents accounted for approximately
13% of all accidents and 24% of total deaths in
2019 [2].

Many truck accidents occur due to unstable
motion, particularly lateral instability such as rollover,
side slipping [3, 4]. Rollover, on the other hand, is
caused by a large inertial force that creates a moment
strong enough to be a greater anti-rollover moment,
causing the rollover of the vehicle. This state can occur
during turning maneuvers on roads with high adhesion
coefficients, or even when colliding with other objects
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on roads with low adhesion coefficients [5, 6]. The
structure of multiple steering axles and the kinematic
alignment of the steering axle ensure the vehicle is
more stable when turning [7].

In recent years, there have been numerous studies
conducted on the lateral stability of truck vehicles.
These studies have yielded results that evaluate the
potential for rollover and side sliding in various motion
conditions, such as braking and turning, particularly at
high speeds. For example, Lundahl [8] analyzed and
evaluated the side rollover criteria for truck vehicles
with load transfer ratio (L7R) and proposed a
maximum lateral acceleration threshold of 0.55gm/s?
when Quarter-Circle Maneuver at a speed of 45km/h.
Researchers have developed dynamic models for
trucks in different planes (yaw and roll) or in space
(full dynamics model) [9]. For vehicles with multiple
steering axles or suspension system links, the
connections are described using several degrees of
freedom to accurately simulate the interactions
between the axles [10]. The evaluation of potential
instability depends on the results calculated from the
types of established models [5].
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Fig. 1. Schematic of the dynamics model of a 4-axle truck vehicle

In this article, a 30-degree-of-freedom (DOF) full
dynamics model is established using the Multibody
System Method, and a detailed nonlinear tire model is
presented. The model is simulated using MATLAB
Simulink software to evaluate the lateral stability of a
4-axle truck vehicle during turning maneuvers on a wet
asphalt road. The results of this study can serve as a
basis for designing control systems to improve the
lateral stability of 4-axle truck vehicles.

2. Full Dynamics Model of 4-Axle Truck Vehicle

Some assumptions are proposed as follows:
(1) the wheels are elastic when moving on a flat road;
(2) the elastic influence of the steering system is
ignored; (3) the points of applied forces from the
suspension system correspond to the midpoint of the
leaf springs; (4) the lateral linkage forces of the vehicle
body and the vehicle axles are referred to the
corresponding roll centers at the axle.

The Multibody System Method [11] and the
Newton-Euler equation system [5] are utilized to
formulate a set of mathematical equations that describe
the motion of a 4-axle truck vehicle. The vehicle body
is characterized by 6 DOFs: longitudinal translation,
lateral translation, vertical translation, roll rotation,
pitch rotation, and yaw rotation. To accurately
simulate the impact of frame torsional stiffness on the
vehicle's dynamics, two roll motions of the front and
rear mass of the vehicle body are incorporated, each
with 2 DOFs. The four axles are represented by
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3 DOFs: lateral translation, vertical translation, and
roll rotation for each axle. Additionally, the 8 wheels
are described as having a DOF for wheel rotation. The
reference systems are conventionally defined as
follows.

The fixed coordinate system OXYZ is located at
the ground; The body coordinate system Cxyz is
located at the Center of Gravity of the vehicle body;
The axle coordinate systems Aixayaiz4i (i=1+4) are
located at the CoG of the axles, respectively; The
wheel coordinate systems Wixwyywizwy (i=1+4;j=1+2)
is located at the center of wheel.

2.1. Motion Equation System of the Vehicle Body

The Newton-Euler equation system for the
vehicle body is written as follows:

m(v, —V,@, +vza)y) =F,
mv, —v.o +v.o.)=F,
m(v, v, + vycox) =F,
Lo+, -1,)o.0, =M,
Iya')y +( . -1)wo =M,
Lo .+, ~1)o0 =M,

)

where: m is the mass of the vehicle body; /, /,, and I
are the moment of inertia of the vehicle body along Cx,
Cy, and Cz, respectively; vy, v, and v: are translational
velocities; w., ®,, @ are the rotational velocities.
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Fx refers to the combined external forces acting
in the direction of Cx. These forces include those
transmitted from the axles to the suspended mass
(F'y), the aerodynamic drag force (F.x), and the
dynamic force caused by the weight of the suspended
vehicle body in the Cx direction. This can be expressed
as follows.

F, =

F . +F +F, +F +F. +F

xI1 x12 x21 x22 x341 x342
+mg sing—F,,

2

Fyrepresents the combined external forces acting
in the direction of Cy, which includes the lateral forces
at the roll center (Fri, Fry, Frss), the lateral
aerodynamic drag force (), and the dynamic force
caused by the weight of the suspended vehicle body.
This can be expressed as follows:

Fy:F1;|+F1éz+F1é34 3)

F7 is the total external force acting on the Cz
direction, determined by the leaf spring forces Fcy, the
damping force Fk;, and the gravity force of the
suspended vehicle body, which can be written as
follows:

—mgcospsinf+F,,

FZ :FCI] +FC12 +FK11 +FK12+FCII +FC22+FKZI +FK22(4)

F Fog + Foapn + Fagy + Fisy +mg(1-cosgcos f)

My is the sum of external force moments along
the Cx axis, written as follows:

My =w(Foyy + Fyyy - Fopp - Frp) +
Wy (Fegy + Fyyy - Frogy - Fyepp) +
W34(FC341 +F/<341 'Fc342 'FK342)+
(h _hRI)FI;l +(h 'th)Féz +(h1 _hR34)F1;34 -
(hw'h)Fw '(Mrl Jrj\/lrz +M7'3 +]\4“)

)

My is the total external force moment along the
Cy axis written as follows:

MY :_l](FC'll+FK11+FC12+FK12)_12(FC21 +FK2| +FC22+FK22)

a
+( +E)(Fc34| + Fisy + Foapn + Feap)

(6)

’(h”’l)(ﬂn +F:12 +Frv21 7Lvazz 7Lva341 JfF‘34z)

X

_(Mll +M12 +]‘/[21 +Mzz +M341 +M342)_(hw _h)Ev

X

M is the total external force moment along the
Cz axis, written as follows:

M, :WI(E;IZ_F;II)_'—WZ(E;H_F;Z])JF ™

. . . . L+, .
W34(Fr342 -Ec341)+ZIFR1 Jrlekz _(% FR34

To consider the torsional of the vehicle frame, the
two equations determining the front mass and rear
mass roll rotation of the vehicle body are determined

by the following two equations as:
LB = wi(Eey + Fyyy = Foy = Frp) Wy (Foyy + Fyyy - Foy - Fyy)
_MTI_MTZ _Mkr
[xlﬁl = W}A(FCMI +FK34I 'ch 'FK342)7M737MT4 +ka

®)

67

2.2. Motion Equation of the Axles

The axle is connected to the vehicle body through
the suspension system. The Newton-Euler equation,
expanded in the roll plane for three degrees of freedom
according to the 3 equations of motion of the axle, can
be written as follows.

muivyai - mai (a)xuivzai - a)zaivxai) = FAYI'
maivzai - mai wyaiVxAi - a)xaivyai) = FAZI' (9)
Iaxi a)xai - (Iyai - Izai )wyai a)zai = MAXI'

where: my; and lui, lui, and I, are the mass and
moment of inertia of the axle, respectively; Fy4y and
F 4z are the total external forces in the A, and Aizu
directions of the axle, respectively; My is the total
moment along the 4x,; axis.

G=1-2) Ry Fu
f% [ Fxii Fea My Fxi Fei E
b k
; Fera Zai | \Bai Fer
53 AT
E 2w, g
Fal F)i] Fzﬁf F}i2
2b;
-

Fig. 2. Schematic dynamics of 1% axle and 2" axle on
the roll plane

Fig. 2 shows the external forces and moments
acting on the first and second axles in the roll plane.
These forces and moments can include lateral forces at
the tires, leaf spring force F¢y, damping force Flj,
lateral force at the center of roll center Fr;, and roll
moment Mrp. They can be expressed using the
following formula as:

Fy = Fysing, + E €os g, + F;,8in 6, + i cos &,
- FRi —m,gCcosQ; sin ﬁai
Fop=Fopy+ Fop -(Fgy + Foy + Fiy + Fy)
+m,g(l-cosgp, cos B,) (10)
MAX[ = (Fcul - FCL[Z)br‘ + (FCiZ + sz - Fcn - FK[])Wi
+ Fy(hy — 1)+ (F, 8in g, + F, cos 6,
+F,,sin6, +F,,cos0,)r + My,
(=3+4) B Fu
(§§\ FCK“ ,iMTi FCKJE /_ > 2
4 43
§ FCLil Zai \Bal FCL‘Q :i
§ AF 3
2w, 3
F..! F,, F.o! Fio
2b; -

Fig. 3. Schematic dynamics of the 3™ axle and 4" axle
on the roll plane

The "Walking Beam" suspension system
connects the 3" and 4™ axles to the vehicle body. This
results in vertical forces, known as Fcx; forces, acting
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on the suspension system at points above and below it,
as shown in Fig. 3. The total external forces acting on
the 3™ and 4™ axles in the roll plane can be calculated
using the following formula as:

FAYt le + F‘ytZ F maig cos goai Sin ﬂai
Fop = Fopn + Fopn) - (Fegn + Fegn)
+m,g(l-cosg, cosf,) (11)
M, = (Fepy = Fepin)b, + (Fogy - Fog W

+FRi(hRi_rl)+(F +F12)r+MTz

yil

2.3. Dynamics of Wheels

To accurately describe the motion of a vehicle, it
is crucial to determine the longitudinal and lateral
forces acting on its wheels. This article will focus on
the relative rotation between the wheel and the axle.
The angular velocity of the wheel is used as an input
parameter to calculate the longitudinal slip and lateral
slip angles, which are then used in tire models to
determine the forces at the tire-road interface. The
general dynamic equations for 8 wheels are as follows:

L@y =Ty - F,

xij rdz/

(i=1+4;;=1+2)(12)

where wy; are the angular velocities of the wheels; F;
are the longitudinal forces; T are the moment applied
to the wheels ij; Iwy; are the moment of inertia of the
wheels about the W;y;; axis; r4; are the dynamic radius
of the wheels.

Road surface

Fig. 4. Schematic dynamics of the wheels
3. Determined the Applied Forces and Moments
3.1. Burckhardt Tire Model

The tire force on each wheel consists of three
components: longitudinal force (Fx;), lateral force
(Fyij), and vertical force (F;). These forces are
influenced by factors such as tire structure, road
pavement,... To accurately model vehicle dynamics, a
tire model is commonly used. In this study, the
Burckhardt tire model is used, with coefficients
C1=0.857, C,=33.82, and C; = 0.35 and a maximum
adhesion coefficient of 0.8 [12]. The Burckhardt
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model is used to calculate the longitudinal and lateral
forces at the wheel, as shown in equation system as
follows:

i ﬂj C3 'SU]+S}I/)F'zij

sy are the longitudinal slip coefficients on each
wheel are calculated according to the following
formula:

V... — I Oy
—— A khi —1<s, <0
o=l (14)
(O — Vi
d Wij
M khi O<s, <1
dl_]le_]

sy are the slip angles at the wheel depending on
each wheel and they are calculated according to the

following formula
j (15)

F; are the total vertical forces on each wheel are
calculated according to the following formula:

vyai

" vxai + (_1)‘/ bia)z

S . =é;./. —atan[

Fj = Fopy + gy

CLi/-(hU ZAII) when  wheel
CLj =

when

¢ "iifi—onn (16)

s "lift—off "

wheel

3.2. Suspension Model

The suspension systems for the 1% and 2" axles
utilize solid suspension systems, which consist of leaf
springs and hydraulic dampers. The spring and damper
forces can be calculated using the following equations:

n
( -z, +f(,, ) when fd,.j. <Z,—Zy

t n
Cl/ - ( SI/) when f;{y < Zm] - Zsi/ < f‘di/'

-C, ( fm/) when Zay
Kt/7 ( W)

The vertical motion of the upper and lower link
points of the 1% and 2™ axle suspension system is
determined by the vertical motion of the CoG of the
vehicle body in the body coordinate system, as well as
the pitch angle ¢ and roll angle ;. We calculate the
vertical motion of the lower link points of the 1% and
2" axle suspension system from the motion of the CoG
of axle z,; and the roll angle f.; as:

)

"
—Zy < /. dij

zy=z-lsing+ (=1"'w,sin g,

(18)

0
Zy =2yt (=) wsin B,
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To calculate the distribution of the suspension
force in the “Walking Beam” suspension system, it is
necessary to describe two rigid beams that join the 3
and 4™ axles. These beams 414> and BB, have a
moment of inertia for left and right I, and Ioz,
respectively as:

.. a a

IayL(pL =_FCK315+FCK4IE (19)
.. a a

]ayR(/’R =—Fexn E‘*‘ Fega E

The spring forces and the damper forces of the
“Walking Beam” suspension system can be calculated
as follows:

n N n _
Cw(zaaw_zsmﬁ'ﬁmw) when fd34]<za34j Zsyj

— _ t _ 1
FC34j_ C34j(zu34/ 2534/) when fd34,§za34/ ZsaAij(m,(ZO)

n n
-C, (Za34j ~Zgy; _fd;ztj) when 2,y =2, < f;

FK34/ = K34j (ij _Zm])

The motions of these beams are vertical motion
and pitch angle zu341, z.342 respectively. The vertical
motion of the above and lower of the “Walking Beam”
suspension system can be determined as follows:

L+, . w
24 sing+—3

+w
_ 4 o
Zoy =2+ 5 sin 3,

L+, .
z z+-2—4gin

w, +Ww
_ Wt W,
5342 = 5 sin f3,

2

1 . .
Zp3a = E(zaz +2z,,twysin B, +w,sin S,,)

1 . .
Zpp = E(zaz +2Z,4-Wysin f;-w, sin f3,,)

Roll angles of the axles are calculated as:
B = I (a)w. +o,sin B, tan g+ o, tan pcos B, )dt (22)

The moments due to frame torsion and roll
moment are calculated as follows:

M, =C.(B,-5)

M, =Cn(B,-5)
My, =Cry(B, = B)
My =Cr(Bs-5)
M, =Cri(Bu—F5)

3.3. Model of 2-Axle Steering System

(23)

When the driver acts on the steering wheel, the
wheels will turn at corresponding angles to make the
vehicle turn. With 2 axles steer on the front, the steer
wheels are linked via levers to ensure correct

kinematics when turning [7]. The wheels on a steering
axle still ensure alignment and are described by the
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Ackermann formula with the steering wheel rotation
angle Jsy being the input rule according to the
following formulas:

1
Oy =05y (1)
ls
3 tan o,
% —atanl+ 2b, tan &,,
[, +1,+0.5a
L,+1,+0.5 29
+1,+0.
8, =atan Latané)’”
L +1,+0.5a
tan J.
S, =atan————
2 1+ 2b, tan §,,
L, +1,+0.5a

4. Assessment Parameters

After solving the system of 30 equations
including 6 equations of the system of equations (1),
2 equations of the system of equations (2),
12 equations of the system of equations (9), and
8 equations of the system of equations (12). Some
motion assessment parameters can be calculated.
Lateral acceleration and roll angle of the vehicle body
are calculated as:

a,=v,+e.v, -0y,

. (25)
p= j(cov +o, sin ftan g+ o, cosﬁtanq))dt

The LTR on each axle (LTR;) is a measure used
to determine the wheel separation state of an axle
[6-8]. Lift-off is the phenomenon in which one side of
the wheel on an axle separates from the road surface.
When liff-off occurs on an axle, the LTR on that axle
is equal to 1. The calculation formula for 4 vehicle
axles is as follows:

F,-F

LTRZ-= zi2 zil (l=
F

zi2 + zil

1+4) (26)
The LTR is a measure of the load distribution of

the whole vehicle [6 - 8]. For a 4-axle truck vehicle,
the formula is as follows.

4
Z (inz - inl )

LTR=-"“— (27)

D (Fp+Fy)

i=1

5. Results and Discussions

The dynamics model is simulated by MATLAB-
Simulink software with the parameters of the vehicle
labeled HOWO 8x4 HW76 380HP [13], as shown in
the table below.

Table 1. The structure parameters of a 4-axle truck
vehicle.
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Parameters (Symbol)

Fig. 5. The Magnitude of Steering Wheel Angle

Mass of vehicle body (m)

Mass of the first and second
axles (mq1,mq)

Mass of the third and fourth
axles (mg3,mas)

Roll moment of the inertia of
front and rear mass (/y1; Ix2)

Values (Unif) (MSWA) was used in the simulation for initial speeds
26400 (kg) (Vi) ranging from Skm/h to 65km/h. The road steer
angle was calculated from the steering wheel angle

570 (kg) with the ratio isy=1/25, as shown in formula (24) and
presented in Fig. 6. As the vehicle's speed increased,

785 (kg) its response changed accordingly. At speeds of 60 or
65km/h, the vehicle became unstable and prone to

12810;17191.9 rollover. This was shown in the roll angle of the
(kgm?) vehicle body, which reached 51.5 degrees at a speed of

Roll moment of inertia

65km/h after 3.8 sec of the survey.
30001.9(kgm?)

the vehicle body (/) 200 |
Pitch moment of inertia )
the vehicle body (1) 203270.3 (kgm) 5ol
Yaw moment of inertia 5
the vehicle body (7.) 200768.5 (kgm?) 7

. - 100 |
Pitch moment of inertia of 2 =
the rigid beam (L, Liye) 600 (kgm) <’
Suspension stiffness of 50|
the suspension of the 1%t and 2™ 250 (kN/m)
axles (Cy;, Cy) 5
Suspension  stiffness  of 0 | 2 3 4
the 3 axle and 4™ axle (Cs4) 1400 (ikN/m) Time (sec)
Damper coefficient of Fig. 5. Steering wheel angle.
the suspension of the 1% axle 15000 (Ns/m)
and the 2" axle (Ky;, K3)) 8

X —5
Damper coefficient of the 3™ men e——
axle and 4" axle (Ks4) 30000 (Ns/m) wl - _2‘3 : : |
Torsion coefficient of frame - -,sft
body (Cr) 4000 (kNm/rad) E” ) B [ e
Torsion coefficient of i:
stabilizing bar of the 1% axle 28.648 (kNm/rad)
and the 2™ axle (Cr1, Cr2) 27
Torqu coefficient . of 171.890
stabilizing bar of the 3" axle (KNm/rad) (il
and 4™ axle (Cr3, Cr) 0 . 3 4
Vertical stiffness of the tire of Fi 6T£12);((:lssttLe)er anele
the 1% axle and the 2" axle 980 (kN/m) g o ge.
(Cryj, Ci2)) .
Vertical stiffness of the tire of —Vj:‘)ﬁ"i
the 3™ axle and 4™ axle (CLs;, 1960 (kN/m) S vt
Ci) e S N i
Distance from CoG to the axle 3.674;1.874; V“:ka'“-fhi
i () 1.326; 2.676 (m) G 3]
: : s va:45kJnfh i

Height of vehicle body’s CoG 1,700 (m) E} | e
(h) & || —v, ~5Skmh 5
Half-track width of the axles  1.0205;1.0205; L
(b)) 0.925;0.925 (m) . i =
Half spring spacing of the axles 0.6;0.6;0.5;0.5 : : : ; : ; ;
(Wi) (m) 0 0.5 1 1.5Timi (Seif 3 35 4
Diameter of tire (r) 0.512 (m)

Fig. 7. Lateral acceleration of vehicle body.

A survey was conducted on the performance with
a steering wheel angle of 175 degrees, as shown in

The results of the survey showed that at a speed
of 60 km/h, the vehicle was in a rollover condition,
with a maximum lateral acceleration of 4.503m/sec? at
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2.505 sec in the survey. This was earlier than the time
of 3.44 sec when LTR and LTR; reached 1, but later
than the time of 2.284 sec when LTR4 reached 1. This
indicates that the LTR; coefficients at the axles can be
used to predict the onset of rollover. The survey also
determined that the 4™ axle experienced early lift-off,
followed by the front axle.

60

—v,,~Skm/h
——v,,~10km/h
50 v, = 15km/h
—v,, ~20km/h
40 |—v, =25km/h
. v, =30km/h
2030~ ~Vig3Skm'h
% v, ~40km/h
20| Vin=45km/n
- _vim=50km/h
—v, ~SSkm/h
10| . vy =60km/h
— v, —65km/h

O it
(4] 1
Time (sec)

Fig. 8. Roll angle of the vehicle body
40 _V‘m:5km/h
35 —Vim=10km/h
Vim=15km/h
30 | —v, =20km/h
25 —vim=25km/h

S vlm:3()km/h
- —v,,~35km/h
- v, —40km/h
15 v, =4skm/h

1ol = Vi —S0km/h

o, (deg/sec)
]
(=)

[V I §
IS

Time (sec)

Fig. 9. Yaw rate of the vehicle body

1 H—YimeSkmn L — 1 - ]
—— v, =10km/h
int
v, —15kmh
0_8 *—vlm=2[lkm;’h 7777777
v~ 25kmvh )
int
V= 30ki/h &
[ 0.6 H- =v =askmmf ———fF 7t omw=—===p=————
int /
= 40km/h ;,
. | | askm/m| L ]
0.4 ~50km/h e bt

Time (sec)
Fig. 10. Load Transfer Ratio of the whole vehicle
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—v_—Skm/h
int '
1—v_ =10km/h

int
v =15km/h

it
—v._ =20km/h

int
——v._ =25km/h||
nt !
ey, =30km/h
int i
0.6 |- =v,,~35km/h
—mv. =40km/h

int

v, ~45km/h
0.41_ _y, =sokm/h;

0.8

LTR,

0.2 I

Time (sec)

Fig. 11. Load Transfer Ratio of the 1% axle

—v._=5km/h
int

iy =1oknvh
int

v. =15km/h
int

0.8 || = Vip~20knvhy

v, =25km/h|
int

v, =30km/h
0 6 int
o7 || =i sk
= —-—v._=40km/h
q int
0.4 f—v, ~4skm/h
— —v._=50km/h
int
0.2 || Viu~SSkm/h

—v._=65km/h
int

2
Time (sec)
Fig. 12. Load Transfer Ratio of the 2" axle

1.4 —v._=5km/h
int

12 —vml:IOkm/h

) v. =15km/h
int

1 — Vi 20km/h

—— Vi~ 25kmh
0.8 | === Vip30km/h
= =V, ~3Skm/h

ﬁ 0.6 | ===, ~40km/h
)

_v”“:45km/h
0.4 | - —v,,=S0km/h
——v._=55km/h
int
0.2 e v, ~60km/h

—v. =65km/h
int

() —

0 0.5 1 1.5 2, 2.5 3 35 4
Time (sec)

Fig. 13. Load Transfer Ratio of the 3™ axle

P =v, Sk [ =
int :
——v. =10km/h|:
int :
v, =15km/h|:
int :
0.8 fl—v, =20km/h/i
v, =25km/h !
—mv. =30km/h|!
O 6 int ———
= OOl v, 3skovh)
E v, ~40km/h |
L
- —v. =50km/h|}
int 1
— v =55km/h|!
int :
0.2 ffrrv, =60km/h ; ;
— v, =65km/h|! | 3
0 : i i
0 1 2 3 4
Time (sec)

Fig. 14. Load Transfer Ratio of the 4™ axle
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80
200 60

100 40

MSWA (deg) 0y 2 v, tah)

Fig. 15. Max of lateral acceleration of vehicle body

(deg/sec)

zmax

200 T
MSWA(deg) 100 - 40
> 20 v (km/h)
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The survey was conducted with a range of
MSWA from 25 degrees to 300 degrees and initial
speeds ranging from 5 to 56 km/h. Fig. 15 shows the
maximum lateral acceleration of the vehicle body at
different speeds and MSWA ranges. Fig. 17 to
Fig. 21 illustrate the maximum LTR and LTR; values at
different speeds and MSWA ranges. These results
demonstrate the combined influence of vehicle speed
and steering wheel angle on the rollover condition of
the 4-axle truck vehicle. Rollover can be determined
from Fig. 17, where LTR values equal 1. Furthermore,
the region where LTR; equals 1 on the independent
vehicle axles (Fig. 18 to Fig. 21) can also indicate an
early warning of a potential rollover condition. The
results of this article can serve as a foundation for
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designing active control systems to improve the
motion stability of 4-axle truck vehicles.

6. Conclusion

Rollover is the main cause of accidents involving
multi-axle truck vehicles. The article presents the
results of a study on the rollover of a 4-axle truck
vehicle using a 30-DOFs dynamic model. The model
describes the vehicle body with 6 DOFs representing
the movements of the center of gravity and 2 DOFs
representing the roll angle of the front and rear mass of
the vehicle. The Burckhardt tire model was utilized to
calculate the tire force. The study surveyed 4-axle
truck vehicle turning at initial speeds ranging from
5 to 65 km/h and at MSWA ranging from 25 to
300 degrees. The results demonstrate the complexity
of the vehicle response. The article determined the
range of parameters for the steering wheel angle and
vehicle speed at which the vehicle is at risk of rollover
(LTR is equal to 1). This model can be used to analyze
the dynamics of 4-axle truck vehicle and their
combined effects, providing a basis for developing
warning and control systems for multi-axle truck
vehicles.
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