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Research on the turning dynamics of trucks when traveling on
dry asphalt roads

Nghién ctru dong lwc hoc quay vong cua xe 6 t6 tai khi di trén dwdng
nhwa khé
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Abstract

During the process of the car moving on the road, the coefficient of traction at the wheels and the coefficient
of rolling resistance at the wheels may be different, thus affecting the motion trajectory of the car. This paper
presents the results of studying the influence of the traction coefficient and the corresponding rolling resistance
coefficient of dry asphalt pavement on the turning characteristics of trucks by the Monte Carlo method. The
research results can be applied to evaluate the rotational dynamics of trucks and make some recommendations
for using trucks when entering a roundabout.

Keywords: The Monte Carlo method; automotive dynamics; uncertain parameter; pavement quality.

Tém tat

Trong qua trinh xe 6 td di chuyén & trén dwdng, cé thé hé sd bam & cac banh xe va hé sé can 1&n & cac banh xe
la khac nhau, do d6 anh hwéng dén quy dao chuyén dong ctia xe 6 td. Bai bao trinh bay két qua nghién ctru sy
anh hwéng cia hé sé bam va hé sé can lan cta duwdng nhwa kho dén ddc tinh quay vong ctia xe 6 t6 tai bang
phwong phap Monte Carlo. Két qua nghién ciru c6 thé (rng dung dé danh gia dong lwc hoc quay vong cla 6 té
tai va dwa ra mot sé khuyén nghi trong khai thac st dung 6 t6 tai khi di vao dwdng vong.

Tor khéa: Phuong phép Monte Carlo; dong luc hoc 6 t6; tham sé khdéng chéc chan; chét luong méat duong.

1. INTRODUCTION The coefficients of traction and rolling resistance

In recent years, along with the strong development of correspond to the types shown in Table 1.

science and technology, many other industries have
developed, including automobile manufacturing. The
automobile industry has been developing relatively

Table 1. Traction coefficients and rolling resistance
coefficients of some types of roads [1], [5].

quickly, occupying an important position in the Type of Grip Rolling resistance
development of the national economy. Therefore, e L coefficient coefficient
the urgent issue is to ensure traffic safety for people, Dry asphalt road 0.70 - 0.80 0.015-0.018
vehicles, and goods.

Wet asphalt road 0.35-0.45 0.012-0.015
When a truck enters a roundabout, there are many
accidents during the movement. In bad road conditions, Dry dirt road 0.50 - 0.60 0.025-0.035
the coefficient of traction at the wheels may be different. Wet dirt road 0.20 - 0.40 0.05-0.15
Depending on the different road conditions and the Dry sand road 0.20 - 0.30 0.10 - 0.30
condition of the road surface, the coefficient of traction

Wet sand road 0.40-0.50 0.12

and the coefficient of rolling resistance change,
making the motion trajectory of the car also change.

Based on the type of road that trucks often travel, the
authors will investigate the movement of trucks on dry
Reviewer: 1. Prof.Dr. Le Van Quynh asphalt roads with a coefficient of adhesion between

2. Dr. Cao Huy Giap 0.7 and 0.7+0.8 and a rolling resistance coefficient
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in the range 0.014+0.018. In this paper, the author
will use the Monte Carlo method to investigate the
dynamics of a truck when entering a roundabout with
different coefficients of traction and rolling resistance
at the wheels.

2. METHOD MONTE CARLO

This method is named after a city in Monaco. This
method will randomly take samples and calculate
directly on these samples, so the larger the number
of samples taken, the more accurate the results. The
accuracy of the results depends on the number and
selection of samples. To get accurate results, it is
necessary to calculate with a large number of samples,
so with a considerable calculation time. Therefore,
people only use the Monte Carlo method to verify the
results.

x = (&)

Figure 1. Block diagram of the Monte Carlo method

Within fl. the set of samples taken, according to the
law of large numbers, the mean is calculated by the
formula [2], [5]:

1 me
ue = — D X&) (1)
MC

Where:

n,,. is the number of samples.

3. DYNAMIC MODEL

During the vehicle’s rotation, the forces and moments
acting on the vehicle are depicted in Figure 2.

Figure 2. Forces and moments acting on the car

According to documents [3], [5] and [4], we have the
car’s rotational dynamics equations:

‘;:i{[(gl +8,)cos B+ (F, + F,)sin B+ S, +S4]sina—
m

)
~[(S, +8,)sin B~ (F, + F,)cos f — (F, + F,)|cos ot}
PR [(S,+S,)cos B+8,+8, +(F, +F,)sin f]

mycos o
s 3)
vsina .
-
veosa
é:%[(Sl +8,)a.cos f— (S, +S,)b+(S, —Sz)%’_sinﬂJr
Z @)

+(F + Fasin f = (F, = F;) % cos =, —m’ﬂ

The differential equation representing the torque
balance at the wheels:

t
é:%{(Sl +8,)a.cos f—(S; +S,)b+ (S, —Sz)z’.sinﬂ+

z

(5)
+(F, + Fasin - (F, —Fﬁ%’cosﬁ—(ﬂ—ﬂ)ﬂ
.. 1
?, :m(MKZ_ZZ'fV'rP_FZ'rP) (6)
.. 1
¢3:ﬁ(MK3—ZS.fV.rZ—F3.rZ) (7)
KZ RZ
. 1
¢4:m(MK4_Z4'fV‘rZ_F4‘rZ) (8)

Calculating the value of longitudinal and transverse
forces of cars:

If 5,,<05:
(9)
Fog = -LsZsd; S = -LaZ(1+su)tga
If s >0,5:
Rd (10)

Fa = -LsZSap; S = -LaZ(1+sa)ptga

In there:
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S (11)

“ Ho (1= ko, s +1g° @)
1 0,25

p=—(1-——) (12)
S rd S rd

L,=ly+1pZ (13)

Ly 2151"'152'2 (14)

Sy = xk._qokrk (15)

DTy

Sy = ).;—k=tgoc (16)

Xy

The vertical load acting on the four wheels is as follows:

1 1 b
Z1 ZEZ, —AZt :Z(mgL—AZJ—AZt (17)
z,- 7 sz =Y mgl_az)snaz (18)
2 2 t t 2 'gL t
Zo=2z Az g% iaz|-az 19
3 2 s s 2 'gL s ( )
Z,=27 4072, = mg9vaz|+az (20)
4 2 5 K 2 gL s
Load difference between front and rear wheels:
) . m.h
AZ = [vcosa—v(aJrg)sma]T (21)
Load difference between the 2 front wheels:
—lﬁ[m' E +
"t R P
(22)
+Cgl m h_mz (pz_ht )_ms (ps_h.s- )+mt"ht"]
Cg,+CgS—m'gh'
Load difference between the 2 rear wheels:
1V ,a'
A =——[m'.—p,
+Cgsm himt (pt,h! )7ms (psihs )+m,"h,"]
C,+C,—m'gh'
In there:

v : Acceleration of the car;

a: The angular velocity of the vehicle body;

£ : Acceleration of vehicle body rotation;

F.: Longitudinal force acting on the car during motion;
Pﬁ: Rolling resistance;

S, : The horizontal reactions of the road surface acting
on the track of the wheel;

LIEN NGANH CO KHI - BONG LUC

M  : Rotational resistance torque;
[ : Steering angle;

t, t: The width of the tire track of the front and rear
wheels;

m: Mass of the whole vehicle;

m’. Mass of the car’s suspended part;

m,": Mass of the unsuspended front axle;

m_”. Mass of non-rear suspension;

h: Height of vehicle’s center of gravity;

h’: The height of the part without front suspension;
h”. The height of the unsuspended rear axle;

hs” The height of the unsuspended rear axle;

I: Wheelbase of the car;
R: Actual turning radius of the car;

Cg[: Stiffness of the front axle;
C,: Rear axle stiffness;

I_,- First order stiffness coefficient of the side deflection
angle;

l,- The quadratic stiffness coefficient of the side

deflection angle;

I, First order stiffness coefficient of tire longitudinal
deformation;

- The quadratic stiffness coefficient of the tire
longitudinal deformation;

/. : Rolling resistance coefficient;

M, Grip coefficient.

4. SURVEY RESULTS

Surveyed on a Suzuki Super Carry 650 kg pickup truck
with an active front- and rear-wheel drive engine and
with the vehicle’s parameters in Table 2.

Table 2. Parameters of survey trucks

Single Price
No Name taste treat
Mass of whole vehicle at full load kg 1450
2 | Car wheelbase m 1.84
3 Distance from center of gravity - m 0.843
front axle
4 Distance from center of gravity - m 1.007
rear axle
5 | Front tire track width m 1.3503
Rear tire track width m 1.3716
7 | Car center of gravity height m 0.5121
8 Center of gravity height of sus- m 0.5425
pended part

Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, 56 1 (84) 2024 | 33
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Single Price
= e taste treat
9 | Static wheel radius m 0.2682
10 Transm|SS|on ratio of the steer- 212
ing system

In order to create a dangerous situation when driving,
the author simulates the driver to control the angle of
rotation of the folding steering wheel, which is simulated
as shown in Figure 3.

4
~ 3 l
el
c
E I
3 2
g I
G
o 1
£
[9)
2 0
[z}
0 3 6 9 12 15

time (s)

Figure 3. Simulation of steering wheel rim rotation
angle

With a simulated steering angle as shown in Figure 3,
the driver will go straight for 1 second, then steer at an
angle of 4 rad (229.18 degrees) within 1 second, and
then keep the steering wheel rim.

Surveying trucks at initial speeds of 20 km/h, 40 km/h,
60 km/h, 80 km/h. Using the Monte Carlo method with
the Uniforme sampling method, the number of samples
is 1000 [5]. The speed of the truck is shown in Figure 4.

6

55

N
AN

>
o

speed (m/s)
IS

25

time (s)

a. v, =20 km/h

speed (m/s)

time (s)

b. v, =40 km/h

speed (m/s)
5

" 4
18 /
1S
16
0 5 10 15
time (s)
c. v, =60 km/h
29
28
27
& 26
£
B 2
’ 24 /
. //
22
0 5 10 15
time (s)
d. v, =80 km/h

Figure 4. Vehicle movement speed

Since the number of samples is 1000, after 1000 runs
of the program, we have 1000 results. In the above
drawings, the car’s speed over time will be shown as
the red area. Based on the above results, it shows that
when running at a small initial speed (v=20 km/h), the
car’s speed tends to decrease (because the centrifugal
force is now small, not greater than the resistance).
When the car’s initial speed is more than 30 km/h,
the car’s speed will increase when turning due to the
increased centrifugal force.

The angle of inclination of the truck’s trunk corresponds
to the speeds in Figures 5.

0.1

Body roll (rad)

time (s)

a. v, =20 km/h

Body roll (rad)

time (s)

b. v, = 40 km/h
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&~

Body roll (rad)
°
L—]

0.05 /

0 5 10 15

time (s)

d. v, =80 km/h
Figure 5. Tank tilt angle

Through Figure 5, we can see that in the first second,
when the car is going straight, the truck’s body does
not tilt. When the car turns around, the body of the car
has a tilting phenomenon. When running at the initial
speed of a small truck (20 km/h), the tilt angle of the
truck will gradually decrease, when the initial speed of
the truck tends to increase.

The motion trajectories of the truck are shown
corresponding to the initial velocities in Figure 6.

- e~

y(m)

x(m)

a. v, =20 km/h

y(m)

b. v, = 40 km/h
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y (m)

x(m)

c. v, =60 km/h

200

150

100

y(m)

-100 -50 0 50 100 150

x(m)
d. v, =80 km/h
Figure 6. Vehicle’s trajectory

In the figures, the moving trajectory of the truck is shown
as solid curves. Two dashed lines represent the safe
movement of trucks. These two lines are determined
using the theoretical turning trajectory of the truck with
the steering wheel simulated in Figure 2, and then
adding and subtracting 2 meters. Thus, corresponding
to different velocities, this safe zone is also different.

As the speed increases, the centrifugal force makes
the actual trajectory of the car much different from the
theoretical rotation. The trajectory of the truck tends to
lack rotation.

As time increases, the truck’s trajectory can go outside
the safe zone. Table 2 shows the time when the truck
can go out of the safe zone corresponding to the initial
speeds.

Table 3. When the vehicle can go out of the safe zone
(seconds)

Speed (km/h) 20 | 40 60 80

Time (seconds) - 3.21 2.03 1.68

Based on Table 2, when the truck moves at a low initial
speed (20 km/h), the vehicle’s trajectory is always in
the safe zone. The vehicle tends to go out of the safe
zone as the initial speed increases. When the vehicle
is moving at 40 km/h, after about 3.21 seconds, the
vehicle will be out of the safe zone. With this time,
the driver can act on the steering wheel to bring the
car into a safe zone. However, when the initial speed
is increased to 60 km/h or 80 km/h, the time for the
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vehicle to go out of the safe zone is very short, making
it difficult for the driver to let the vehicle into the safe
zone.

5. CONCLUSION

The authors used the Monte Carlo method in
combination with Matlab Simulink software to simulate
a truck model going into a roundabout with different
initial velocities. Thereby, the authors give some
conclusions and recommendations as follows:

- Built a dynamic model when entering the roundabout
of the truck.

- The use of Monte Carlo method in combination with
MATLAB Simulink software allows the built model to be
applied to survey the motion of the car with adjustment
and carry out further research.

- When the truck turns around, you should go with a
low initial speed (about less than 40 km/h) to help avoid
the risk of rolling over as well as the vehicle out of the
safe zone.
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