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Abstract 

This paper uses the energy method to study the vehicle rollover model, and simulates 
the dynamics of the vehicle. The accuracy and applicability of the energy method are 
verified by experiments and Carsim/Simulink joint simulation. The accuracy of the 
energy method rollover model is verified by simulation. Through simulation and 
comparison analysis, it is concluded that the energy method is used to model the rollover 
model in the actual calculation. 
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1. Introduction 

Car rollover is a high-risk and high-risk traffic accident. According to the National Transportation 

Safety Administration, although car rollover only accounts for 8% of traffic accidents, serious injuries 

and deaths are as high as 21%-31%. China's research on car rollover started late [5]. The data also 

shows that 90% of traffic accidents can be avoided if the driver can be effectively alerted 1 s before 

the potential traffic accident. The research on car rollover is mainly divided into static rollover and 

dynamic rollover. There are two main types of dynamic rollover: tripping type rollover; non-rolling 

type rollover. Non-slipping type rollover is generally caused by avoiding obstacles at a higher speed, 

also known as curve motion rollover, mainly due to road conditions, drivers, body parameters and the 

like. The tripping type of rollover is the main rollover type, which means that the vehicle has a side 

slip during driving. When the side slides out of the normal road surface, one side of the tire enters the 

soft mud road surface, and the wet road surface or the body body hits. Similar to an obstacle with an 

off-shoulder or railing, a large tripping force produces a rollover of the vehicle on the tire or body. 

At present, the analysis of the vehicle rollover model mainly uses the following methods: LTR, RPER, 

RSF, TTR. 

When using TTR to judge the rollover of the vehicle, its accuracy is much improved. However, TTR 

needs to use genetic algorithm and neural network algorithm in the calculation process. Due to the 

large amount of calculation, there is a certain delay in the prediction effect. Good real-time. LTR is 

currently the most used rollover evaluation index, which can reflect the real-time rollover state of the 

vehicle very well, but the LTR calculates the vehicle rollover state through the vehicle's four-wheel 

vertical load during the calculation process, which is not considered in the calculation process. To the 

state of the tire and the suspension, there is a certain deviation during use. 

In this paper, the energy method is used to analyze the vehicle rollover model. The energy method 

can fully consider the influence of the vehicle's autogenous structure on the vehicle rollover when 

measuring the vehicle rollover state. For example, in the energy method, the vehicle's tire elastic 

potential energy can be calculated and suspended. Considering the potential energy, the accuracy is 

higher when calculating the rollover state, and the result is more accurate. The article builds a 
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nonlinear car model and then analyzes the car based on its kinetic and potential energy. The 

Lagrangian method was used to analyze the kinetics. The accuracy and applicability of the energy 

method were verified by experiments. Finally, the accuracy of the true energy method model was 

compared by the analysis results and the LTR analysis results by Carsim and Simulink. 

2. Vehicle dynamics model 

It can be regarded as a multi-rigid system dynamics model when studying the kinetic model. At 

present, the following methods are mainly used to study the multi-rigid dynamics: Newton-Eulerian 

method, Lagrangian method, Kane Law and so on. 

Although Newton-Rafa has a very intuitive physical quantity representation, there are many problems. 

For example, when we study the rollover system, we need to separate the whole system. We need to 

establish multiple coordinate systems in the calculation, so we need to establish it in the calculation. 

For many equations, when the model is complex, we need to build more reference coordinate systems. 

We need to build more equations, and the amount of calculation will increase greatly. The hysteresis 

will increase, so this article does not use Newton- Euler's method models the system. 

The Lagrangian method mainly uses the generalized coordinate system to describe the degree of 

freedom of the system. In the process of description, it is not necessary to consider the existence of 

each binding force. Therefore, there is a significant reduction in the comparison of the Newton-

Eulerian method in the establishment of the equation. However, the selection of Lagrangian on the 

generalized coordinates of the system requires a lot of experience. The selection of generalized 

coordinates directly affects the difficulty and precision of equation calculation. In this paper, the 

vehicle is modeled with ten degrees of freedom, so the whole vehicle dynamics model is modeled 

and analyzed by Lagrangian method. 

As shown in the figure below, the roll model is appropriately simplified during the calculation process. 

 

Figure 1. Schematic diagram of vehicle roll analysis 

Note:Vehicle roll angle: φ ,Spring load quality: 𝑚𝑠 ,Unsprung mass: 𝑚𝑢 ,Suspension stiffness: 𝑘𝑠 , 

Suspension damping coefficient:𝑐𝑠,Rolling moment:𝐼𝑠,Distance from centroid to rotation point o:hs, 

Yaw angle:𝜔𝑟, Yaw moment of inertia:𝐼𝑧. 

In order to simplify the algorithm, some minor factors need to be neglected in the calculation process, 

and the model is idealized. The following assumptions are made in the calculation process: 

Ignore the effects of lateral wind Does not consider the influence of front and rear axis asymmetry on 

rolloverThe rollover angle of the front rollover model is the input, ignoring the influence of the 

steering system Simplify the damping and stiffness of the suspension to equivalent roll damping and 

equivalent roll stiffnessAccording to the above conditions, the equilibrium equations of the vehicle 

roll model in the three directions of the X-axis, Y-axis and Z-axis can be listed as follows: 

Y-axis direction: 

𝑚𝑎𝑦 − 𝑚𝑠ℎ�̈� = 2𝐹𝑓𝑐𝑜𝑠𝛿 + 2𝐹𝑟                     (1)  

X-axis direction: 
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𝐼𝑥�̈� − 𝑚𝑠𝑎𝑦ℎ = 𝑚𝑠𝑔ℎ𝜑 − 𝑐𝑠�̇� − 𝑘𝑠𝜑                 (2) 

Z-axis direction: 

𝐼𝑧�̇�𝑟 = 2𝑙𝑓𝐹𝑓𝑐𝑜𝑠𝛿 − 2𝑙𝑟𝐹𝑟                      (3) 

𝑎𝑦 = �̇� + 𝑢𝜔𝑟                           (4) 

The differential equation of the above X-axis Y-axis Z-axis is transformed into a matrix equation as 

follows: 

[

−𝑚𝑠 0 𝑚𝑠 0
𝐼𝑥 𝑐𝑠 −𝑚𝑠ℎ 0
0 0 0 𝐼𝑧

] [

�̈�
�̇�
�̇�

𝜔�̇�

] = [
0 0 0 −𝑚𝑠𝑢
0 𝑚𝑠𝑔ℎ − 𝑘𝑠 0 𝑢ℎ
0 0 0 0

] [

�̇�
𝜑
𝑣

𝜔𝑟

] + [

2𝐹𝑓𝑐𝑜𝑠𝛿 + 2𝐹𝑟

0
2𝑙𝑓𝐹𝑓𝑐𝑜𝑠𝛿 − 2𝑙𝑟𝐹𝑟

]  (5) 

Take the model state variable as: 

𝑥(𝑡) = [𝑥1(𝑡) 𝑥2(𝑡) 𝑥3(𝑡) 𝑥4(𝑡)]𝑇 = [�̇� 𝜑 𝑣 𝜔𝑟]𝑇        (6) 

Among them: 

𝐸 = [

−𝑚𝑠 0 𝑚𝑠 0
𝐼𝑥 𝑐𝑠 −𝑚𝑠ℎ 0
0 0 0 𝐼𝑧

]                      (7) 

𝐵 = [

2𝐹𝑓𝑐𝑜𝑠𝛿 + 2𝐹𝑟

0
2𝑙𝑓𝐹𝑓𝑐𝑜𝑠𝛿 − 2𝑙𝑟𝐹𝑟

]                      (8) 

𝐴 = [
0 0 0 −𝑚𝑠𝑢
0 𝑚𝑠𝑔ℎ − 𝑘𝑠 0 𝑢ℎ
0 0 0 0

]                  (9) 

Then the above equation of state can be converted into the following formula: 

𝐸𝑥(𝑡)̇ = 𝐴𝑥(𝑡) + 𝐵                       (10) 

Further simplification of the analysis can be obtained: 

𝑥(𝑡)̇ = 𝐴0𝑥(𝑡) + 𝐵0                       (11) 

Among them:𝐴0 = 𝐸−1𝐴，𝐵0 = 𝐸−1𝐵 

The above is a dynamic analysis of the vehicle rollover model, by which the vehicle dynamics 

equations are listed and simplified by state equation analysis. 

The energy method follows the law of conservation of energy and divides the total energy of the 

vehicle into kinetic energy and potential energy. In this paper, the Lagrangian dynamics analysis is 

combined with the ten-degree-of-freedom vehicle model and the roll analysis diagram to analyze and 

summarize the kinetic energy and potential energy of the sprung mass and unsprung mass of the 

vehicle. The kinetic energy is mainly divided into: kinetic energy of translational motion and 

rotational kinetic energy of vehicle roll. The potential energy is mainly divided into: the change of 

the potential energy caused by the change of the centroid height and the roll during the driving process, 

and the change of the elastic potential energy caused by the elastic potential element existing in the 

vehicle. The two elastic potential energy mainly considered For the elastic potential energy of the tire, 

the elastic potential energy of the suspension, and other small components such as the lateral stabilizer 

bar, the elastic potential energy changes, because the influence is small, the influence is not 

considered in this paper.  

The energy law kinetic energy equation is as follows: 

Sprung mass kinetic energy: mainly composed of the kinetic energy generated by the vehicle sprung 

mass and the vehicle roll kinetic energy generated by the vehicle roll. 

Vehicle sprung mass kinetic energy produced by a combination of two kinetic energy: 
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𝐸𝑠 =
1

2
𝑚𝑠𝑣𝑠𝑐

2 𝐸𝑟 +
1

2
𝐼𝑠𝜔𝑏

2                      (12) 

The vehicle's unloaded kinetic energy is: 

𝐸𝑢 = ∑
1

2
𝑚𝑢𝑣𝑢𝑖

24
𝑖=1 + ∑

1

2
𝐼𝑢𝑖𝜔𝑢

24
𝑖=1                  (13) 

 

Spring loaded mass potential: 

𝐸𝑠𝑏 = −𝑚𝑠𝑔(𝑍𝑠 − ℎ𝑠 cos 𝜃 cos 𝜑)                   (14) 

Unsprung mass potential energy: 

𝐸𝑢𝑏 = − ∑ 𝑚𝑢𝑖𝑔𝑍𝑢𝑖
4
𝑖=1 +

1

2
𝐾𝑢𝑖((𝑍𝑢𝑖 + 𝑍𝑢𝑖0)2 − 𝑍𝑢𝑖0

2) +
1

2
𝑘𝑡 ((𝑍𝑡𝑖0 + 𝑍𝑢𝑖 − 𝑍𝑔𝑖)

2
− 𝑍𝑡𝑖0

2 ) (15) 

According to the above formulas, the total kinetic energy and potential energy of the system can be 

obtained. However, in actual situations, we also need to consider the loss of energy. In the system, 

the main loss is the energy loss from the suspension spring of the vehicle, as shown in the following 

formula: 

𝐸𝑒1 =
1

2
∑ 𝐶𝑢𝑖𝑍𝑢𝑖

24
𝑖=1                        (16) 

In the calculation process, the main parameters of the system are divided into sprung mass (m_s), 

unsprung mass (m_u), sprung mass moment of inertia (I_s), roll moment (h_s), suspension stiffness 

(k_s), damping coefficient. (c_s), roll angle (φ), suspension type variable (Z_ui), tire shape variable 

(Z_ti). 

When the vehicle turns over during the movement, the center of mass will rise, the kinetic energy of 

the vehicle will be converted into potential energy, and the energy loss of the suspension damping 

will be generated during the whole process of vehicle energy change. The energy indicators are as 

follows: 

 ρ =
𝜆𝑐𝐸𝑧

𝐸𝑡
+

|𝛿|𝑣

|𝛿|𝑣+𝜆𝛿
𝑒

−1

𝑢+𝜆𝑢                     (17) 

Among them: 

𝐸𝑡 = Δ𝐸𝑝 + 𝜆𝑒𝑡(Δ𝐸𝑝𝑠 + Δ𝐸𝑝𝑡)                  (18) 

𝜆𝑒𝑡 = (cos 𝛼0)2 − 0.5                      (19) 

𝐸𝑧 = 𝐸𝑠 + 𝐸𝑢 + 𝐸𝑠𝑏 + 𝐸𝑢𝑏                    (20) 

Δ𝐸𝑝 = 𝑚𝑠𝑔Δℎ𝑠 + 𝑚𝑢𝑔Δℎ𝑢                    (21) 

Δ𝐸𝑝𝑠 =
4𝑚𝑠

2𝑔2 (cos 𝛼0)2+𝑚𝑢
2 𝑔2(cos 𝛼0)2+2𝑚𝑠

2𝑔2

16𝑘𝑠
               (22) 

Δ𝐸𝑝𝑡 =
2(𝑚𝑠+𝑚𝑢)2𝑔2(cos 𝛼0)2−(𝑚𝑠+𝑚𝑢)2𝑔2

8𝑘𝑡
                 (23) 

In the formula, λ_c is the damping correction coefficient, λ_δ is the steering correction coefficient, 

generally λ_δ=e, λ_u is the vehicle speed correction coefficient. To avoid the vehicle speed being 0, 

the whole equation becomes meaningless, so a vehicle speed correction coefficient is introduced to 

avoid this. The occurrence of a class situation. 

3. Carsim vehicle data 

Table 2. Carsim vehicle parameters 

parameter Numerical value 

Vehicle height/mm 1535 

Vehicle width/mm 1695 
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Front axle to centroid distance a/mm 1040 

Rear axle to centroid distance a/mm 1506 

Rolling moment ℎ𝑠/mm 400 

Spring load quality ms/kg 1111 

Front unsprung mass mu1mu2/kg 105 

Rear non-sprung mass mu3mu4/kg 130 

Front suspension stiffness 𝑘𝑠1𝑘𝑠2/N · 𝑚𝑚−1 58 

Rear suspension stiffness 𝑘𝑠3𝑘𝑠4/N · 𝑚𝑚−1 50 

Tire stiffness 𝑘𝑡/N · 𝑚𝑚−1 370 

Extremely inertial distance to the x-axis 𝐼𝑥𝑥/kg-𝑚2 288 

Extremely inertial distance to the y-axis𝐼𝑦𝑦/kg-𝑚2 2031.4 

Front non-sprung mass moment of inertia 𝐼𝑧𝑧−𝑢1𝐼𝑧𝑧−𝑢2 /（kg·𝑚−2） 3.15 

Rear non-sprung mass moment of inertia 𝐼𝑧𝑧−𝑢3𝐼𝑧𝑧−𝑢4 /（kg·𝑚−2） 3.9 

Front and rear suspension damping 𝑐𝑠𝑖/(N·s·𝑚−1) 3800 

4. Simulink model construction 

The construction of the vehicle energy method rollover model is to verify the detection method of the 

energy method prediction rollover used in this paper. Through the test and simulation verification, 

the problems found in the theoretical derivation process are found, and the modification and 

adjustment are found in time. . Vehicle energy method The vehicle model mainly includes the 

following parts: damping correction module, lateral kinetic energy module, gravity potential energy 

module, suspension potential energy module, energy loss module, magic formula tire model module, 

road adhesion coefficient module and so on. 

 

Figure 2 Suspension Dissipation Module 

This module is mainly used to calculate the energy consumption caused by the change of the 

suspension height during the driving process. The module calculates the energy during driving by the 

data of the suspension height change, suspension damping and sprung mass. Consumption, the 
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module can reflect the energy loss of the vehicle in real time by monitoring the state change of the 

vehicle when it is running, so that the calculation of the vehicle energy is more time-sensitive. 

 

Figure 3. Tire energy dissipation module 

This module is based on the magic formula. By calculating the energy dissipation of the vehicle in 

the shape of the tire, the energy dissipation of the tire is mainly derived from the loss of heat. When 

the vehicle is running normally, braking, etc., the vehicle tire will generate a large amount of heat. 

Loss, this module can calculate the energy loss of the vehicle tire during driving in real time to detect 

the driving state of the vehicle in real time, and predict the stability of the vehicle's rollover through 

analysis. 

5. Model simulation verification 

First, set the vehicle's vehicle parameters and road parameters in the Carsim software, and set the 

vehicle speeds to 60km/h, 80km/h, and 100km/h, respectively. Firstly, the working condition is 

verified by the LTR model to see if there is any possibility of vehicle rollover. When determining the 

existence of the vehicle rollover hazard, the energy method is used to simulate the whole working 

condition to verify whether it has reliability.  

The selection of the simulation model is based on the commonly used double-shift line conditions for 

testing vehicle stability conditions. The process is simple and the simulation results are the most 

intuitive, which is convenient for comparison and analysis. 

The following is a joint simulation of Carsim and Simulink: 

The driving track of the vehicle at 60km/h, 80km/h, 100km/h is shown in Fig. 4. At 60km/h, the 

trajectory of the vehicle is basically the same as the preset trajectory. At this time, the vehicle speed 

is slow. When the road is deviated, the vehicle can reach the trajectory consistent with the 

predetermined path by changing the steering wheel angle. At 80km/h and 100km/h, the vehicle cannot 

travel according to the set path when the road is deflected. When the road changes, the vehicle is 

tilted. At this time, the vehicle's roll moment and lateral acceleration occur. Change, in the map of 

100km / h, it can be seen that the vehicle changes direction at the beginning of 75m. When the preset 

road is reached, the vehicle speed is fast and there is lateral acceleration, inertia, etc., and the vehicle 

cannot be corrected in time. Both the lateral kinetic energy and the potential energy of the vehicle 

change, which can cause a change in the energy of the vehicle and thus a risk of rollover. 
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Figure 4. Vehicle double-shift line 

 

Figure 5.Comparison of vehicle lateral kinetic energy changes 

As shown in Fig. 5, it can be seen that the base of the lateral kinetic energy change of the vehicle 

under the same road condition has a great relationship with the traveling speed of the vehicle. The 

magnitudes of the changes of the vehicles at 60 km/h, 80 km/h, and 100 km/h are 40,000, 50,000, and 

60,000, respectively. However, the basic values of the three working conditions are very different, 

ranging from 195,000 to 2010,000 for 60km/h, 3500000-3560000 for 80km/h, and 5490000-5570000 

for 100km/h. It can be seen that the driving speed of the vehicle affects the lateral kinetic energy of 

the vehicle. The greater the vehicle speed, the greater the lateral kinetic energy. The calculation of 

the kinetic energy of the vehicle makes the calculation of the energy method more accurate. 
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Figure 6 Comparison of vehicle potential energy compared to that flower 

Figure 6 shows that the magnitude of the change in potential energy of the vehicle under three 

conditions is basically the same. It can be seen that the potential energy of the vehicle under different 

road speeds is similar and the amount of change is the same. Referring to FIG. 5and FIG. 4 below, it 

can be seen that although the vehicle energy method controls the rollover in the calculation method 

of the vehicle energy method, although the potential energy of the vehicle changes similarly, it has a 

corresponding influence on the total energy variation of the entire vehicle, and the accuracy of the 

energy method calculation is reflected from the side.  

 

Figure 7 Comparison of total energy changes of vehicles 

The total energy of the vehicle shown in Fig. 7 is compared with Fig. 6 to show that the change in the 

total energy of the vehicle is related to the change in the travel path of the vehicle and the travel speed 

of the vehicle. When the vehicle changes its route at 65m, the total energy of the vehicle changes to 
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varying degrees under three conditions. Among them, when the vehicle is at 60km/h, the energy of 

the vehicle changes from 19380000 to 19440000 and then from 1944000 to 19370000, and then 

changes from 1944000 to 1935500 in 4s to increase to 194500000. In addition, the change trend of 

80km/s and 100km/s is similar but the change is different. The total change of 80km/h is 200,000, 

and the total change of 100km/h is 260,000. According to the magnitude and trend of the amount of 

change, it can be seen that the energy change of the vehicle can accurately reflect the driving state of 

the vehicle. It can be verified that the energy method is used to detect the driving condition of the 

vehicle with accuracy and real-time. 

6. Conclusion 

Based on the law of conservation of energy, the vehicle dynamics model is established. Based on this, 

the energy method rollover model is established. The simulation analysis shows that the energy 

method rollover model is driven in three working conditions during double-shifting. The situation, 

through comparative analysis, is that the use of the energy method rollover model to detect the steady 

state of the vehicle during driving is real-time, and when the steering wheel angle of the vehicle 

changes, it can be seen from the change of vehicle energy, the energy method The accuracy of the 

rollover model. Therefore, it is timely and accurate to use the energy method rollover model to detect 

the vehicle in real time, which lays a foundation for the energy law research rollover. 
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