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ABSTRACT 

A comprehensive multi-physics approach to hybrid electric vehicle (HEV) modeling is presented in this work. 

Purpose of model is to enable design engineers to create regulator structures & automated optimization 

procedures for HEVs, as well as to examine the consequences of component selection. Internal combustion engine 

(ICE), motor producer (MG), power split device (PSD), and longitudinal dynamics of the vehicle are all part of 

the whole drivetrain organization of a series/parallel HEV. 

 Every facet of friction, damping, stiffness, and rotational inertial dynamics is taken into account. The 

MATLAB/Simulink/Simscape blockset environment is used to implement the interactions between all of these 

components. The model creation process places a strong emphasis on the ideas of modularity, adaptability, and 

an intuitive user interface. The identical hybrid power train's analytical and numerical simulation results are 

contrasted. The model is useful for upcoming HEV optimization approaches because of the convergence of the 

findings. 
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I. INTRODUCTION 
 

The scarcity of petroleum supplies and rising pollution levels have prompted global automotive research 

to look for cleaner and more sustainable energy sources throughout the last ten years. Both demand and production 

rates are increasing quickly, despite the fact that finite fossil fuel supplies are steadily being depleted [1-2]. A 

hybrid electric vehicle (HEV) has been proposed as a temporary fix to lower hazardous emissions and increase 

fuel efficiency [3]. It is well known that hybrid electric vehicles (HEVs) lessen reliance on petroleum fuels by 

combining two energy sources: electric propulsion systems and traditional internal combustion engines. 

 Additionally, the dual power source approach allows for engine downsizing, load balancing, and range 

extension. Regardless of the vehicle's power requirements, proper engine size allows the engine to run close to its 

economic conditions, resulting in lower emission levels. 

 

In general, there are three fundamental configurations of HEVs based on the architecture of hybrid 

propulsion: series, parallel, and series/parallel. In a series HEV, the generator transforms the engine's mechanical 

energy into electrical energy. As shown in Figure 1-a, this electric energy is stored in the battery pack and then 

transformed once more into mechanical energy by the electric motors to move the vehicle forward. This type's 

primary advantages are its ease of installation and operation, but its primary drawbacks include double energy 

conversion. Additionally, the powertrain redundancy is decreased by the serial power flow. 

Additionally, the powertrain redundancy is decreased by the serial power flow. As seen in Figure 1-b, a 

parallel HEV is powered by a combination of electric motor power and engine mechanical power. Although this 

arrangement offers more operational options, it is practically challenging to integrate into the drivetrain. The 

benefits of the previously stated architectures are combined in the series/parallel HEV arrangement, which offers 

the option of using the electric and mechanical energies concurrently or sequentially. However, as Figure 1-c 

illustrates, one of its primary disadvantages is the difficulty of assembly. 

 

(a) The Architecture of A Series HEV (b) The Architecture of a Parallel HEV 
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(c) The Architectures of a Series/Parallel HEV 

Fig. 1 Hybrid Vehicle Topologies. 

 

Better comprehension and control of HEV functioning are made possible by accurate modeling and 

simulation. Khan created a model for "Honda Integrated Motor Assist" (IMA) in the MATLAB/Simulink 

environment, which is one of the well-known published works. During two distinct conventional driving cycles, 

three parameters—fuel consumption, regenerated energy, and consumed energy—were taken into account and 

contrasted. An optimization approach for the series/parallel "Toyota Hybrid System" (THS) was presented by 

Peng and Liu [1,6]. Subsequently, they examined the debate between rule-based optimization and bettering the 

powertrain design or component size for the "Toyota Hybrid System" (THSII). Another control technique was 

created by Peng et al. for the parallel HEV model that takes into account an adaptive energy management control 

system. A MATLAB/Simulink model was presented by Stein et al. to implement a dynamic programming 

approach. Wipke et al. created a simulator to model the entire HEV powertrain using ADVISOR. methods. 

Because of its widespread use in contemporary automobiles, special attention is given to the modeling of series 

and parallel HEVs.  

 

 

Although the examined work has advanced the state of the art in HEV, it should be highlighted that the majority 

of them were either restricted to limited access simulators or specialized to a particular hybrid topology. 

Nonetheless, more general models that are still sufficient to adequately depict HEV performance must be 

created. This article presents a simplified model with code that may be used to alter its subsystems and exposed 

to additional optimization 

 

THE MODEL DISCRIPTION 

 

 The major component of the series/parallel HEV is a power split mechanism that combines power from the 

engine and an electric motor generator (MG). Figure 2 shows how the PSD's output power is delivered to the 

wheels via the propeller shaft, open differential, and rear axle. 

 

 
Fig. 2 The Main Layout of the HEV Model. 

 

The Simscape blockset library, which includes the Sim Driveline, Sim Electronics, and Sim Control 

Schemes tool boxes, is used to model and implement these components [17]. The Simscape blockset is a 

component of Simulink corporeal modeling, which includes designing and modeling systems based on 

fundamental physical concepts. Physical modeling operates inside the Simulink environment and integrates easily 
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with MATLAB and the rest of Simulink. A HEV drivetrain system may be represented with a linked block 

illustration thanks to physical modeling blocks, which directly represent physical components or relationships, in 

contrast to other Simulink blocks that reflect mathematical processes. 

 

As shown in Figure 3, the model incorporates the engine characteristics as a look-up table of machine 

torque vs engine speed and throttle position. In a driveline, actuators can start and sustain rotation while sensors 

measure the driveline parts' movements and the torques applied to them. The physical properties depicted in Figure 

4 are used to model the torque converter. 

 
Fig. 3. Engine Characteristics. Fig. 4. Torque Converter Characteristics. 

 

The armature resistance, or R, is a representation of the equivalent circuit of a DC motor. The inductance 

L is believed to have no influence on the steady-state torque-speed relationship. Taking into account the damping 

(J) and motor inertia (J), The torque that the DC motor produces, T, is proportional to the armature current, 

magnetic field intensity, and rotational speed.  

 
 

 



Modeling and Simulation of Hybrid Electric Vehicles 

DOI: 10.35629/6734-1404136143                                     www.ijesi.org                                                139 | Page 

which shaft is stationary, driven, or driving. These ratios depend on their tooth counts as well as the sun and ring 

radi. 
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RESULTS AND ANALYSIS  

 

Engine Drive Mode  
In this condition, the car is propelled by the engine alone, without the assistance of the MG output power. To stop 

engine power from flowing to the MG, the MG switch is switched off and the sun side BB2 brake band is applied. 

30% is the throttle setting. In Figure 7, the vehicle accelerates to its final speed as the engine accelerates from its 

idle speed of 800 rpm to 1500 rpm. 

 

MG Recharging Mode  
The engine powers the MG so that it may act as a generator. The MG is driven by the entire engine power when 

the car is stopped in order to charge the batteries. The sun side BB2's brake band is disengaged, while the ring 

side BB1's brake band is engaged. As would be expected under comparable engine idle conditions, the throttle 

valve is set to 5%. In Figure 8, the engine speed increases from 800 rpm, which is the idle speed limit, to 1100 

rpm, and the MG speed reaches 3850 rpm. 50% is the starting state of charge for the batteries.  

 

ICE-MG Synergy Mode  
In this mode, the car is empowered by both the MG and ICE outputs. In order to provide electricity to the car 

simultaneously, the brake bands on the sun and ring sides are both disengaged. In order to compare the power 

consumption in the two modes, the throttle valve in this mode is set at 30%, just like in Engine Drive Mode. The 

car accelerates to 111.2 m/s and the engine reaches 1500 rpm in Figure 9. a negative MG rpm value, indicating 

that its rotating direction is opposite to that of the vehicle's propeller shaft and ICE.  

In the engine drive and synergy modes of operation, a fair comparison is made. Table 2 makes it evident that both 

fuel efficiency and driving mileage are increased while in the synergy mode. 

 

 
 

Fig. 7. Engine Drive Mode. 
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Fig. 8. Battery Recharging Mode. 

 

 
Fig. 9. Synergy Mode. 

 

            
 

CONCLUSIONS 

One of the exciting problems in energy management applications is hybrid electric vehicles. Numerous 

benefits, including reduced emissions and optimized fuel usage, may be obtained by precisely simulating and 

controlling the various stages of a hybrid power train. This work's suggested model exhibits some encouraging 

outcomes for the various modes of operation that correspond to the actual situation. Numerous optimization and 

control techniques may be applied to the model to observe their impact on the overall efficiency of the vehicle 

since the model operated in an acceptable manner.  
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Appendix A: Vehicle and Simulation Parameters 

 
The Vehicle The Engine 

Vehicle gross mass (kg) 1200 Max. power (kw@rpm) 175@5000 

No. of Driving Axles 2 Max. torque (N.m@rpm) 200@4000 

Frontal Area (m²) 3 Idle speed (rpm) 800 

Wheel base (m) 3 Max. speed (rpm) 7000 

Dynamic radius (m) 0.3   

Drag Coefficient 0.4   

Rolling res. coefficient 0.02   

Power Split Devise The Electric System 

Type of planetary GB Single row Rated motor speed (rpm) 2000 

Control Actuators Brake bands Rated motor power (kw) 25 

Ring to sun ration 2 Rated DC voltage (v) 192 

  Battery voltage (v) 192 
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