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ABSTRACT 
This simulation was using the parallel configuration in Simulink modeling (MATLAB software) 

to be obtained engine and vehicle performance result. The base vehicle using Toyota Soluna 

with added parallel drive train configuration with electric motor in rear side, the simulation 

purpose for determined an efficiency using electric motor with a model brushless DC motor 

maximum power 11 kW. Another purpose was knowing maximum velocity for Toyota Soluna 

using ICE engine with added a battery and electrical component using simulation, this 

simulating would be run after connecting subsystems inside program, the subsystem resembled 

a engine function, electrical component, transmission and mechanical component.     
 

Keyword: Effeciency, Simulink, Torque, Speed, Power, Energy Recycle.   

 
INTRODUCTION

Many large corporations, universities and others Research Company used a program as 

their asset to analysis and modeling a project, this project might be expected to require great 

material before research the real thing  

So then for simulated the huge project like vehicle modeling, it’s required something a 

mathematics equation with calculating program inside, the program like MATLAB Simulink 

was the program used by many researcher for calculating complicated mathematics relation, 

because this program have many mathematics equation template and using for valid data with 

mathematical methods and matrices. 

 

RESEARCH METHODE 

The HEV components are divided into two general components, they are mechanical 

components based on combustion motor and electronic components based on the electrical 

motor. The mechanical components consisting of ICE, transmission, and the vehicle body 

whom consisting of the weight of vehicle, and the electronic component consisting of a electric 

motor, electric generator, batteries, and battery control systems. 

In the gear transmission system there are two gears, each interconnected with the 

electrical components and vehicle body components. The transmission for ICE was using the 

normal transmission from Toyota engine (it wasn’t changing into planetary gear like Toyota 

Prius), so then driving force transmission has a normal gear ratio. 

For electrical transmission system was using a some simple gear connected directly with 

driving force (differential gear) on the rear, so then it can to be charge and discharge electric 

energy. The performance of the transmission shaft rotation speed and the power generated by 

motor was calculating using the basic formula of the calculation of the transmission speed[1][2][3]: 

 
Where ω is the rotational speed, H is the power transmission and τ is the torque 

transmission. Then the power and torque values obtained are as follows [4][5][6]: 
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Where the driving force (rear) was from vehicle move, and velocity from the engine. The 

torque produced was from the rotational force multiple with the tire radius (front). And n was 

resemble for rpm (speed). 

Using a table 2.1, the configuration was using modification of Simulink block program 

with value inside the table 2.1. So then modeling HEV of Toyota Soluna can be shown in figure 

2.1 and 2.2, where this figure was determined a ICE subsystem and electrical motor subsystem 

in Simulink.  

Another figure like figure 2.3 and 2.4, describe the transmission modeling and electrical 

motor modeling with the value from table 2.1. 

 

Table 1. Combustion Engine Specification 

Specification Value 

Output 78000 W 

Torque 131 Nm 

Rotation (max) 6000 rpm 

Maximum Velocity 120 km/h 

Shaft Radius 21.5 mm 

Maximum Force 6078 N 

  

 
Figure 1. Mechanical component subsytem 

  

 
Figure 2. Electric component block model 
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Based on the above picture described above, the modeling was built in MATLAB 

Simulink. The block using a Simulink template, including step control, gasoline engine and  

transmission subsystems and car subsystem. 

 
Figure 3. Transmission modeling [7]. 

 

 
Figure 4. Electrical motor modeling [7]. 

 

ANALYSIS AND CONCLUSION 

The analysis was resemble for engine performance like torque, speed, power, and 

velocity, but for electrical component was add the electric performance like voltage, current and 

regenerated electric battery power. The torque simulation using a normal transmission gear ratio 

as follows on figure 3.1: 

 
Figure 5. ICE Torque.  

 

The torque from above was using the 4 speed gear ratio, so the maximum torque was in 

the first and second gear. The another performance produce by ICE is the speed. Speed result 

from the modeling is:  
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Figure 6. ICE Speed 

 

 The speed on above actually same line like torque, because the speed was afffected the 

torque performance (in mechanical design), so then the speed result line as same as the torque 

result line. After that, the another engine performance like velocity and power can reach using 

the modeling simulation is:   

 
Figure 7. Vehicle velocity in simulation 

 

 

 
Figure 8. Vehicle Power engine performance in simulation  

 

Based on the value generated by MATLAB which is the average torque on transmission 

is 121 Nm, with average rotation speed is 2160 rpm, the power generated average is [4][6]: 

  

   

Then the following is a calculation of the value of current and voltage on the electric 

motor that work in HEV is: 
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Figure 9. Current motor. 

 
Figure 10. Voltage motor. 

 

Based on the picture above the average voltage is 168 V with a maximum current value is 

10.2 A. Based on the energy required to drive the motor is [3]: 

 
So based on the energy taken from the battery voltage 144 V with an electric current of 

7.5 A. Comparison of the required energy taken from the battery to drive a motor is [3][4][6]: 

 
So if a motor needs to spin energy, the energy that must be removed by 1.587 times the 

amount of energy released from the battery. In addition to the time required to achieve 

maximum power is [6]: 

 
The time was resemble for state of discharge the 7.5 A was 0.63 hour for average speed 

(that is equally to 4.41 hour for 100% discharge). 

The velocity result using the EM is: 

 
Figure 11. Vehicle velocity using EM 
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 The average velocity using EM was 35 km/h, that is more smaller than the motor output 

specification where can produce almost 50 km/h, maybe the simulation wasn’t good for using 

the Simulink template.  

 For % State Of Charge (SOC) and % Depth Of Discharge (DOD) battery the result is: 

 
Figure 12. Percentage Depth of discharge LiFePO4 battery 

 

 
Figure 13. Percentage State of charge LiFePO4 battery 

 

 From above the battery is have much time for generated than the degenerated, maybe 

the problem is the electrical motor specification wasn’t good for generator, only better for motor 

power only. 

 For calculating the life of battery using formula and simulation wasn’t same, the time 

from formula was 4.41 hour for battery is dead, and from simulation was 2 hour for battery is 

dead, i think this only the different calculation formula between basic formula and advance 

formula in Simulink. 

 

Table 2. Conclusion of Data Transmission Research on Modelling

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name Value 

ICE Average Speed 2160 rpm 

ICE Average Torque 121 Nm 

ICE Average Power 25.92 kW 

Voltage Motor 168 V 

Current Motor 10,2 A 

Maximum Motor Energy  1713,6 J 

Maximum Velocity (using ICE) 127.2 km/h 

Maximum Velocity (using EM) 35.5 km/h 
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Discussion 

From the simulation result, the error performance using the basic formula and Simulation 

formula was high (only for charging, discharge battery and velocity using EM), the error can 

reach to >50% for state of battery and velocity, the problem was formula used was more 

complicated than the basic formula, and this study can knowing after analysis with using a real 

object. 
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