


Modeling and simulation analysis of hybrid electric vehicle based on AMEsim software

Abstract
In recent years, with the continuous consumption of global oil resources, environmental pollution has become increasingly serious. Therefore, more and more attention has been paid to reducing pollutants emitted by vehicles, and it is particularly important to develop energy-saving, exhaust-free, pollution-free new energy vehicles.
Until the problem of battery technology is solved, plug-in hybrid electric vehicles can be used as one of the options for the transition from traditional vehicles to new energy vehicles. The power system of hybrid electric vehicles is complex and the optimum temperature range of power components is different. Thermal management of hybrid electric vehicles is from the perspective of the vehicle, to coordinate the relevant matching, optimization and control of the vehicle engine, air conditioning, battery, motor and other related components and subsystems, effectively solve the vehicle thermal related problems, so that each function module is in the best temperature working range, and improve the economy and power of the vehicle. Ensure vehicle safety. An accurate hybrid vehicle model is a prerequisite for establishing a thermal management system. Therefore, this paper takes plug-in parallel hybrid electric vehicle as the research object, and builds a simulation model composed of drive module, engine module, battery module, vehicle control unit, transmission module and motor module based on the AMEsim simulation platform.
This paper mainly analyzes the system structure of different hybrid electric vehicles, chooses this paper to study the system structure of hybrid electric vehicles, and matches the parameters of each power component according to the basic parameters and dynamic requirements of the vehicle, builds the vehicle model based on AMEsim software, and carries out the vehicle speed following simulation and dynamic simulation under NEDC conditions
The simulation results show that the vehicle speed follows well under NEDC conditions, and the dynamic performance meets the design requirements.  It can be considered that the model selection, parameters setting and vehicle control model of engine, drive motor, generator, power battery and other components meet the requirements of this paper.  The results show that the simulation model is accurate and reliable.
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1 Introduction
In recent years, with the continuous consumption of oil resources in our country, environmental pollution has become increasingly serious. Therefore, reducing the pollutants emitted by vehicles has received more attention, and it is extremely important to develop new energy vehicles that save energy, no exhaust gas and no pollution. In China, the transportation industry is a large carbon dioxide emission industry, in order to avoid global temperature rise and environmental pollution, the transportation industry is under great pressure to reduce emissions. Studies have shown that road transport is the main body of carbon dioxide emissions in China's transport sector: in 2018, of the total emissions of the transport sector, road transport, rail transport, water transport and civil aviation accounted for 73.5%, 6.1%, 8.9% and 11.6%, respectively, with road transport accounting for the highest proportion of 73.5%. In 2019, of the total emissions of the transport sector, road transport, rail transport, water transport and civil aviation accounted for 79.2%, 4.39%, 7.06% and 9.13% respectively, with road transport accounting for the largest proportion of 79.2%.
In recent years, with the rapid development of urbanization in China, more and more families have cars, and private cars have gradually become an important part of road transport. The increase in carbon emissions caused by private cars cannot be underestimated. In order to effectively control greenhouse gas emission and mitigate the deterioration of environmental quality, China has put forward a "double carbon" goal vision in 2020. The total carbon emission reduction of automobiles is crucial to achieve the goal of "dual carbon", and the development of new energy vehicles will be an important direction of the transformation and upgrading of the automobile industry. At present, the effective means to control the growth of vehicle carbon emissions is to use new energy vehicles to replace traditional fuel vehicles.
New electric vehicle (NEV) refers to a vehicle that uses a new power system and is driven entirely or mainly by new energy sources, including battery electric vehicle (EV). BEV), plug-in hybrid electric vehicle (PHEV), fuel cell electric vehicle (FCEV), etc. In 2020, China issued the "Energy Saving and New Energy Vehicle Technology Roadmap 2.0" and the "New Energy Vehicle Industry Development Plan (2021-2035)", which further clarified the future development vision and implementation goals of NEV. In this context, quantitative research on the role of NEV in the carbon emission reduction of private cars, and analysis of the development path of new energy vehicles and the path of carbon emission reduction and carbon peaking of private cars are of great significance for China to achieve the goal of "double carbon". However, conventional new energy vehicles also have the disadvantages of short driving range and high price.
In order to solve the above problems, the advantages of PHEV (Plug in Hybrid Electric Vehicle) are more obvious. Compared with conventional HEVs, PHEVs are equipped with large-capacity power batteries that can be externally charged through the power grid. PHEV combines the advantages of the conventional HEV drive system and the advantages of the EV drive system, and the pure electric range is greatly increased, and the power can be used for short distances, and it can still work like a conventional HEV when the power is exhausted. PHEV is considered to be one of the best choices for the transition from traditional fuel vehicles to new energy vehicles before the problems such as battery technology for pure electric vehicles have not been overcome.


2 Research status of hybrid electric vehicle
Li Feng of Jilin University has developed a thermal management system suitable for plug-in hybrid electric vehicles by analyzing the operating characteristics of plug-in hybrid electric vehicles and the structure of the power system. By taking the temperature parameter as the control basis of the logic threshold method, a control strategy method for the thermal management system is proposed, and the feasibility and accuracy of the designed thermal management system and control strategy are verified by simulation.
Wang Guohua from Jilin University built a simulation model of an automobile cooling system, and formulated a multi-temperature zone regulation strategy for fluid flow thermal control in view of the optimal operating temperature range and operating temperature range of the battery. The operating temperature range of the battery pack was divided into high temperature zone, normal temperature zone and low temperature zone for thermal control. The temperature of the battery pack is adjusted to the best working range, so as to ensure the working efficiency of the lithium battery.
Xia Yingqi from Hefei University of Technology designed integrated thermal management system control strategy and battery heating strategy based on model predictive control by building a thermal management performance simulation platform for pure electric vehicles, and verified the effect and performance impact of model predictive control strategy through comparison and analysis with PID strategy.
Aiming at the problem of parameter matching of hybrid electric vehicle power system, domestic and foreign experts have done a lot of research on this problem. Bin G et al. designed the main parameters of motor, power battery and other components through matching method to solve the problem of parameter matching encountered by engine power hybrid system manufacturers. The matched vehicle dynamics meet the design objectives, and the fuel economy is improved by 30%.
Wang W et al. considered the influence of weak magnetic ratio and salient pole ratio on the external characteristics of the motor, and proposed the candidate range of significant rate and weak magnetic rate by analyzing the influence of significance rate and field weakening rate on the external characteristics. Thus, the electromagnetic parameters of the permanent magnet synchronous motor can be obtained to meet the power requirements of the motor.
According to the power requirements, He H et al. carried out parameter matching design for the main components of the vehicle power components such as the engine and the motor, and determined the characteristic parameters of the planetary gear. The power model is established by using Matlab software. The simulation results show that the vehicle matching design meets the requirements of the vehicle control strategy.


3 Complete vehicle physical model construction
There are three main power system structures of hybrid electric vehicles: series, parallel and hybrid. Three different powertrain structures have different structural characteristics, advantages and disadvantages. Next, I will determine the structure of the hybrid electric vehicle in this study according to the characteristics of the three basic structures and the characteristics of the powertrain:
(1) Series hybrid electric vehicles
Series hybrid power system has the advantages of simple structure, the engine only drives and the generator generates electricity, to ensure that the engine can not be affected by external conditions can always operate in the best working conditions, high efficiency and can reduce the exhaust emissions of the engine.
Although this structure can make the engine always run under the condition of high efficiency, the engine energy needs to be transmitted to the wheel by the generator to drive the vehicle, and there is a certain energy loss in the process of energy conversion. At the same time, the high dependence of this structure on motors and batteries requires large-capacity batteries and high-power motors to increase the system cost. The power system structure diagram of the series hybrid vehicle is shown in Figure 1:
[image: ]
Fig. 1 Schematic diagram of a series hybrid vehicle structure

(2) Parallel hybrid electric vehicles
The characteristics of the parallel hybrid system are that the engine and the electric motor can drive the vehicle individually or simultaneously, and the power transmission is direct halfway without energy conversion to reduce energy loss. If the battery is used to drive the vehicle separately, the vehicle emissions can be reduced by pure electric driving, and the engine can also be used to drive the vehicle separately like a traditional car. The engine can also be combined with the drive motor to drive the vehicle, which is more powerful for the hybrid drive mode. The parallel system does not require a complex power distribution device and has the advantage of low cost. At the same time, the parallel hybrid power system has the advantages of high energy efficiency and flexible switching of power sources according to driving needs. At the same time, the engine and electric motor can work simultaneously with better acceleration performance compared to electric cars or conventional cars. However, the battery equipped with parallel devices usually has a smaller battery capacity, and the pure electric mode has a shorter range and is more suitable for short distances. The power system structure diagram of the parallel plug-in hybrid electric vehicle is shown in Figure 2:
[image: ]
Fig.2 Structure diagram of parallel hybrid electric vehicle
(3) Hybrid electric vehicles
The hybrid hybrid system has the advantages of both series and parallel structure, which can realize the efficient operation of the engine and provide flexible power output according to demand. The motor can drive the vehicle alone or provide additional power when needed, so the hybrid structure has strong adaptability to keep the power components in efficient operation whether at low speed or high speed.
In general, the hybrid hybrid system has the best overall performance, but the hybrid hybrid system has high requirements for the vehicle control system because of its complex structure, which increases the difficulty of manufacturing. The cost of manufacturing hybrid hybrid electric vehicles is high, and the design of mechanical components such as planetary gear sets is complex, with high manufacturing and maintenance costs and complex maintenance. Although it combines the advantages of series and parallel, the cost is high and the promotion and application of the market are not utilized. The schematic diagram of the power system structure of the hybrid plug-in hybrid electric vehicle is shown in Figure 3.
[image: ]
Fig. 3 Schematic diagram of a plug-in hybrid electric vehicle with a mixed connection type
Through the above analysis of the three different structures, it can be seen that although the hybrid hybrid system has the best comprehensive performance of both series and parallel characteristics, the hybrid hybrid electric vehicle has a complex structure of the power system and high manufacturing and maintenance costs. The parallel hybrid system can not only achieve pure electric driving, but also achieve separate engine drive, with high mechanical efficiency and relatively simple mechanical structure. The engine and electric motor can drive the wheels individually or simultaneously, which reduces the energy conversion loss compared with the tandem type; Compared with the hybrid type, the structure is simple, and the system complexity and cost are reduced. Therefore, this paper chooses parallel hybrid power system configuration as the vehicle structure studied in this paper.
The basic parameters of the vehicle are shown in Table 1. The dynamic performance of the designed vehicle is shown in Table 2.

Table 1 Vehicle basic parameters
Vehicle mass/kg    Full load mass/kg   Wheel diameter/m   Windward area/m2
1200          1750           0.381           2.28

Table 2 Performance index of parallel plug-in hybrid
	
	demand
	Numerical value

	Dynamic property
	Hybrid maximum speed Vmax（km/h）
	

	
	Maximum gradient（20km/h）
	

	
	100 km acceleration time Vmax（km/h）
	



As the main power source of hybrid electric vehicle, the engine directly affects the power output of the vehicle, and the accuracy of its model is very important. Considering that the engine model parameters are difficult to obtain accurately, the static model is usually applied to the simulation of hybrid electric vehicles.
When the high-voltage battery is in a state of loss of power, the engine needs to run independently to maintain the maximum speed of the vehicle, and the maximum power of the engine should not be less than the power required for the vehicle to maintain the maximum speed: the engine model diagram is shown in Figure 4.
          （1）
Formula:  The maximum power of the engine/Kw， is the transmission ratio of the gearbox;  、、 is the sliding resistance factor； for maximum speedKm/h.
[image: ]
Fig.4 Engine model
The input and output variables of the eight ports in the engine model are relatively complicated. Port 1 is the main output port of the engine, which is connected to the gearbox and mainly outputs the engine torque. Port 2 is the emission port of the engine, with a total of seven output variables, mainly the emission rate of CO, HC, NOx and particles, as well as the engine exhaust temperature and emission gas flow rate; Ports 3 and 4 are the average braking pressure and torque loss rate of the engine respectively; Port 5 is the main control port of the engine, and its four inputs from left to right are: engine load, combustion mode, overheat combustion coefficient, idle speed; Ports 6, 7 and 8 are the combustion chamber temperature, coolant temperature and oil temperature, and the corresponding combustion heat loss and friction loss, respectively.
For parallel hybrid electric vehicles, the drive motor in pure electric mode is the only power source of the vehicle, and the maximum torque should meet the dynamic performance requirements of the vehicle in pure electric mode (acceleration performance, climbing ability, etc.):
                                            （2）
         （3）
Formula:Maximum torque for driving motor/Nm;  is the transmission speed ratio;  a gear ratio for the gearbox;  is vehicle masskg;Ｒ wheel radiusm;  is the maximum gradient.
When the motor of the hybrid electric vehicle reaches the maximum speed, it is necessary to ensure that the drive motor runs within the normal speed range, that is, its corresponding speed should be lower than the maximum speed:
                                            （4）
The model diagram of the drive motor is shown in Figure 5. In AMESim, the motor model is equipped with an inverter, which is an integrated electric generator model. The motor has five ports, with interface 1 to output power loss and input motor temperature. Interface 2 is a power transmission interface, output motor torque, input speed. Interface 3 is an output torque signal. Port 4 receives torque commands. Ports 5 and 6 are voltage and current signals used to connect to the battery module.

[image: 图示, 示意图
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Fig.5 Motor model
The power battery power should meet the driving range requirements under pure electric conditions, and the required power can be calculated according to the constant velocity method. The power required for a car to travel at a constant speed
                         （5）
                                         （6）
Formula: L is the driving range/km；  is indicates the battery discharge depth，；  is motor efficiency.
The battery model is shown in Figure 6. The model has four interfaces. Port 1 Output power loss, input the battery temperature signal. Ports 2 and 3 are voltage and current signal ports that are used to connect to the motor model. Port 4 is an output signal port that outputs state of charge (SOC) signals of the battery.

[image: 图示
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Fig.6 Battery model
According to equations (1) ~ (6), the matching parameters of the power system are shown in Table 3.
Table 3
engine                      maximum power/kW              maximum torque/(N·m)
                               62                                   124
motor        maximum power      maximum torque     maximum speed 
                   32/kW                      186N·m                    4800 r·min
batter                          rated voltage/V      maximum capacity/(A·h)
                                360                        32

The physical model of the vehicle is built by AMESim, as shown in Figure 7. The model consists of driving module, engine module, battery module, vehicle control unit, transmission module, motor module and so on.
[image: ]
Fig.7 Hybrid electric vehicle model


4 Simulation results and analysis
In order to verify whether the vehicle dynamics model meets the basic requirements of the design of this paper, this paper chooses to test the NEDC working condition under the condition of 20℃ ambient temperature, observe the speed following, and verify the maximum speed of this model, the climbing speed of the vehicle when the slope is 30%, and the acceleration time of 100 km. The simulation results are shown in fig. 8, fig. 9 and fig. 10 respectively.
[image: 图表, 直方图
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Fig. 8 Vehicle speed following curve under NEDC condition
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Fig. 9 Maximum speed diagram
[image: ]
Fig. 10 Maximum climbing speed diagram

As can be seen from fig. 8, the matching degree between the simulated speed and the actual control speed under NEDC conditions is almost completely consistent, and the established simulation model is accurate and reliable, and the speed under NEDC conditions has good follow-through, meeting the dynamic requirements of all conditions.
Vehicle dynamic performance is one of the main performance of the vehicle, including 0 ~ 100 km/h acceleration performance, vehicle climbing performance, etc. FIG. 9 and FIG. 10 show the slope speed curve and the simulation curve of maximum speed when the slope is 35% respectively. As can be seen from Figure 9, the speed of the hybrid electric vehicle model constructed this time is 101.7km/h at 13s and 170km/h at 41s, meeting the design requirements of 100km acceleration time and 170km/h maximum speed. As can be seen from Figure 10, when the slope is 35%, the speed can reach 20km/h, meeting the design requirements of the maximum slope. It can be considered that the selection, parameter setting and vehicle control model of engine, drive motor, generator, power battery and other components meet the requirements of this paper.


4 Conclusion
In this paper, a certain hybrid electric vehicle is the research object. Firstly, the system structure of different hybrid electric vehicles is analyzed, the system structure of the hybrid electric vehicle studied in this paper is determined, and the parameters of each power component are matched according to the basic parameters of the vehicle and the designed dynamic requirements. Secondly, the vehicle dynamics simulation model is established based on AMESim software, and the vehicle speed following and dynamic performance simulation are carried out under NEDC conditions. The simulation results show that the vehicle model has a good performance in speed following and meets the design requirements through dynamic simulation. The simulation model is verified to be accurate and reliable, which lays a foundation for the subsequent thermal management of hybrid electric vehicles.
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