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Abstract 

During the process of the car moving on the road, the coef�cient of traction at the wheels and the coef�cient 

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 in�uence of the traction coef�cient and the corresponding rolling resistance 

coef�cient 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.

Tóm tắt

Trong quá trình xe ô tô di chuyển ở trên đường, có thể hệ số bám ở các bánh xe và hệ số cản lăn ở các bánh xe 

là khác nhau, do đó ảnh hưởng đến quỹ đạo chuyển động của xe ô tô. Bài báo trình bày kết quả nghiên cứu sự 

ảnh hưởng của hệ số bám và hệ số cản lăn của đường nhựa khô đến đặc tính quay vòng của xe ô tô tải bằng 

phương pháp Monte Carlo. Kết quả nghiên cứu có thể ứng dụng để đánh giá động lực học quay vòng của ô tô 

tải và đưa ra một số khuyến nghị trong khai thác sử dụng ô tô tải khi đi vào đường vòng.

Từ khóa: Phương pháp Monte Carlo; động lực học ô tô; tham số không chắc chắn; chất lượng mặt đường.

1. INTRODUCTION

In recent years, along with the strong development of 

science and technology, many other industries have 

developed, including automobile manufacturing. The 

automobile industry has been developing relatively 

quickly, occupying an important position in the 

development of the national economy. Therefore, 

the urgent issue is to ensure traf�c safety for people, 

vehicles, and goods.

When a truck enters a roundabout, there are many 

accidents during the movement. In bad road conditions, 

the coef�cient of traction at the wheels may be different.

Depending on the different road conditions and the 

condition of the road surface, the coef�cient of traction 

and the coef�cient of rolling resistance change, 

making the motion trajectory of the car also change. 

Reviewer: 1. Prof.Dr. Le Van Quynh

                  2. Dr. Cao Huy Giap

The coef�cients of traction and rolling resistance 

correspond to the types shown in Table 1.

Table 1. Traction coef�cients and rolling resistance 
coef�cients of some types of roads [1], [5].

Type of  

motorway

Grip  

coef�cient

Rolling resistance 

coef�cient

Dry asphalt road 0.70 - 0.80 0.015 - 0.018

Wet asphalt road 0.35 - 0.45 0.012 - 0.015

Dry dirt road 0.50 - 0.60 0.025 - 0.035

Wet dirt road 0.20 - 0.40 0.05 - 0.15

Dry sand road 0.20 - 0.30 0.10 - 0.30

Wet sand road 0.40 - 0.50 0.12

Based on the type of road that trucks often travel, the 

authors will investigate the movement of trucks on dry 

asphalt roads with a coef�cient of adhesion between 

0.7 and 0.7÷0.8 and a rolling resistance coef�cient 
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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 coef�cients 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.

Figure 1. Block diagram of the Monte Carlo method

Within  
i  the set of samples taken, according to the 

law of large numbers, the mean is calculated by the 

formula [2], [5]:
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Where: 

n
MC

 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:
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The differential equation representing the torque 
balance at the wheels: 
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Calculating the value of longitudinal and transverse 
forces of cars:
 

If  £ 0,5: 

Fd = -LsZsd; S = -L Z(1+sd)tg       

Rds
(9)

 

If  > 0,5:  

Fd = -LsZsdp; S = -L Z(1+sd)ptg       

Rds
(10)

In there:
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The vertical load acting on the four wheels is as follows: 
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Load difference between front and rear wheels: 
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Load difference between the 2 front wheels:
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Load difference between the 2 rear wheels: 
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In there:

v& : Acceleration of the car; 

 ! : The angular velocity of the vehicle body; 

 !! : Acceleration of vehicle body rotation;

iF : Longitudinal force acting on the car during motion;

fiP : Rolling resistance;

iS : The horizontal reactions of the road surface acting 

on the track of the wheel;

siM : Rotational resistance torque;

 : Steering angle;

t
t
, t

s
: 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
t
”: Mass of the unsuspended front axle;

m
s
”: Mass of non-rear suspension;

h: Height of vehicle’s center of gravity;

h’: The height of the part without front suspension;

h
t
”: The height of the unsuspended rear axle;

hs”: The height of the unsuspended rear axle;

l: Wheelbase of the car;

R: Actual turning radius of the car;

C
gt
: Stiffness of the front axle;

C
gs

: Rear axle stiffness;

l
α1

: First order stiffness coef�cient of the side de�ection 

angle;

l
α2

: The quadratic stiffness coef�cient of the side 

de�ection angle;

l
s1

: First order stiffness coef�cient of tire longitudinal 

deformation;

l
s2

: The quadratic stiffness coef�cient of the tire 

longitudinal deformation;

vf : Rolling resistance coef�cient;

 
0 : Grip coef�cient.

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

No Name
Single
taste

Price
treat

1 Mass of whole vehicle at full load kg 1450

2 Car wheelbase m 1.84

3
Distance from center of gravity - 

front axle
m 0.843

4
Distance from center of gravity - 

rear axle
m 1.007

5 Front tire track width m 1.3503

6 Rear tire track width m 1.3716

7 Car center of gravity height m 0.5121

8
Center of gravity height of sus-

pended part
m 0.5425



NGHIÊN CỨU KHOA HỌC

34 Tạp chí Nghiên cứu khoa học, Trường Đại học Sao Đỏ, Số 1 (84) 2024

No Name
Single
taste

Price
treat

9 Static wheel radius m 0.2682

10
Transmission ratio of the steer-

ing system
21.2

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.

0 3 6 9 12 15

time (s)

0

1

2

3

4

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.
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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.
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Figure 5. Tank tilt angle

Through Figure 5, we can see that in the �rst 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.
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Figure 6. Vehicle’s trajectory

In the �gures, 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 dif�cult 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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