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Abstract 

 
In this study, propose the new method experiment and 

simulation for in-wheel vehicle that driver motor 

electronically controlled and operate independently using load 

torque of each wheel. Since in-wheel vehicle controlled each 

left and right driving wheels independently, it is dangerous if 

vehicle’s wheels are not a cooperative control. In general, 

when developing a new vehicle preceding power testing and 

performance evaluation in the dynamometer before the actual 

vehicle experiment. However, dynamometer tests only 

implements the linear test of driving. In case of in-wheel 

vehicle, since stable operation evaluation of the wheels 

motors that are independently controlled during turning is 

important. If applied to the load torque at the time of turning 

of the in-wheel vehicle to load motor of the dynamometer, it 

is capable of dynamic performance evaluation including 

turning on the dynamometer test. First, this study build main 

wheel control logic using PI control theory and evaluates the 

stability. Using Carsim & Matlab/Simulink, vehicle dynamic 

motion is simulated in virtual 3D driving road. . Through this, 

in-wheel vehicle’s driving performance can be analyzed. 

And using the analyzed dynamic performance, extract the load 
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torque of each wheel while 3-D road driving. Extracted load 

torque impute to dynamometer’s load motor, linear 

experiment in dynamometer can replicated the 3-D road 

driving status. Also it, will be able to evaluate the more 

accurate performance analysis and stability, as a previous 

step of actual vehicle experiment. Each road will have a 

unique load torque for each wheel, propose the new simulator 

for in-wheel vehicle that powertrain performance and fuel 

economy evaluation using load torque of each wheel. In 

general simulator, cycle is input in simulator that the vehicle 

speed according to the time, it ignored the influence of the 

independence drive of the left and right wheels. If input the 

load torque and angular velocity derived from previous 

simulator, it is possible to obtain the same result as 3-D road 

driving, which is simulated in linear cycle. Developed 

simulator is composed of 29 motor library and 20 battery 

library. Using that library powertrain performance and fuel 

economy of the in-wheel vehicles with the desired motor and 

battery comes out as a result. 

 

Keyword : In-wheel vehicle, Dynamometer, 3-D road, Load 

torque, Driving performance  

Student Number : 2014 – 21855 



 

 iii

Contents 

 
Abstract  ........................................................................... ⅰ 

 

Contents  ........................................................................... ⅲ 

 

List of Figures  .................................................................. ⅳ 

 

List of Tables .................................................................... ⅶ 
 

1. Introduction .................................................................... 1 

 

1.1. Study Background ......................................................... 1 
 

1.2. Purpose of Research..................................................... 4 

 

2. Methodology ................................................................... 7 

 

2.1. Design the control logic and simulation environment.. 7 

 

2.2. Evaluation system of In-wheel vehicle using  

driving motors’load torque........................................ 14 

 
 

3. Results .......................................................................... 26 

 

3.1. Driving characteristics and load torque using 

 Carsim&Simulink ......................................................... 26 

 

3.2. Powertrain performance and fuel economy using  

forward GUI simulator ................................................ 34 

 

4. Conclusion ..................................................................... 40 

 

 

Reference .......................................................................... 42 

 

국   ............................................................................ 47 

 

감사   ............................................................................ 49 



 

 iv

List of Figures 
 

 
Figure 1.1 Dynamometer test 

 

Figure 1.2 Structure of in-wheel vehicle 
 

Figure 2.1 Vehicle size 

 

Figure 2.2 Motor performance map 

 

Figure 2.3 Driver module 
 

Figure 2.4 Vehicle dynamic model 

 

Figure 2.5 Simulink model 

 

Figure 2.6 Motor library (29 components) 
 

Figure 2.7 Battery library (20 components) 

 

Figure 2.8 Force acting on vehicle 

 

Figure 2.9 Braking force distribution and deceleration lead 
 

Figure 2.10 Regenerative algorithm 

 

Figure 2.11 GUI simulator input 

 

Figure 2.12 GUI simulator output 
 

Figure 3.1 Target driving path x-y 

 

Figure 3.2 Target driving path x-y-z 

 

Figure 3.3 Driving path result 
 

Figure 3.4 Driving speed 

 

Figure 3.5 Longitudinal force of each wheel 



 

 v

Figure 3.6 Lateral force of each wheel 

 

Figure 3.7 Vertical force of each wheel 
 

Figure 3.8 Driveline speed of each wheel 
 

Figure 3.9 Slip ratio of each wheel 

 

Figure 3.10 Yaw rate 
 

Figure 3.11 Steer angle of each wheel 

 

Figure 3.12 Aerodynamic force  
 

Figure 3.13 Load torque of left wheel 

 

Figure 3.14 Load torque of right wheel 
 

Figure 3.15 Motor performance map 
 

Figure 3.16 Battery performance map 

 

Figure 3.17 Left & right motor rpm 
 

Figure 3.18 Left & right motor torque (Nm) 
 

Figure 3.19 Left & right motor power (kW) 
 

Figure 3.20 Left & right motor mechanical power( kW) 

 

Figure 3.21 Left & right motor efficiency 
 

Figure 3.22 Left & right motor signal 
 

Figure 3.23 Battery SOC 

 

Figure 3.24 Battery power (kW) 
 

Figure 3.25 Battery resistance (ohm) 

 

Figure 3.26 Battery voltage (V)  

 



 

 vi

Figure 3.27 Battery current (A) 
 

Figure 3.28 Left & right inverter con (kW) 
 

Figure 3.29 Left & right inverter loss switch (kW) 
 

Figure 3.30 Left & right inverter loss total (kW) 
 

Figure 3.31 Left & right inverter efficiency 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 vii

List of Tables 
 

 

Table 2.1 Vehicle specification 
 

Table 2.2 Dynamic performance evaluating element 
 

Table 3.1 Output components 
 

Table 3.2 Battery & motor specification 
 



 

 1

1. Introduction 
 

1.1. Study Background 

 

Eco-friendly vehicle have been actively researched and 

developed to depletion of global warming and fossil fuel. The type 

of eco-friendly vehicle is such as hybrid vehicles using a 

combination of engine and electric motor, fuel cell vehicles, 

electric vehicle. In case of hybrid vehicles, there is a tendency 

hybrid vehicles come into wide use, also electric vehicle a lot of 

research on power train has also actively promoted. In-wheel 

vehicle drive source is mounted on each wheel, the vehicle has 

been researched and developed in the same way as the existing 

development process.  

Development process of new vehicle is as follows. First, build a 

simulator and conduct a performance experiment for target 

vehicle. Also using the HILS(Hardware-in-the-Loop simulation) 

system, conduct the real-time simulation experiments for 

validation. And before testing the real vehicle testing, 

dynamometer test is proceeded. Dynamometer is a device for 

measuring the power generated by the powertrain and 

performance of vehicle.[1]-[2] Dynamometer as shown in Figure 

1, it only possible to proceed vehicle straight experiment, the 

driving characteristics of the cornering effect of the vehicle cannot 
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be analyzed.[3] Therefore, the characteristics of the in-wheel 

vehicle for independently controlling the left and right wheels,[4] 

and if it is possible to analyze the driving characteristics when 

pivoting dynamometer tests, it is possible to further ensure the 

stability of the real vehicle experiments. 

 

 

 
Figure 1.1 Dynamometer test 
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1.1.1. In-wheel vehicle 

 

  In-wheel vehicle is kind of electric vehicle. The powertrain 

is composed of motor (at least two), battery, and inverters.[5] 

Motor is mounted on both side of wheels, and left and right 

motor is operating independently. Since torque can be 

generated independently, it has advantage in controlling 

cornering stability and easy to distribute the left and right 

motor torque.[6] There is benefits of space utilization, since 

transmission, shaft, and the gear elements can be deleted 

used in existing vehicle.  

 

 
Figure 1.2 Structure of in-wheel vehicle 
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1.2. Purpose of Research 
 

Analyzing the operating environment for the power train 

development similar with actual vehicle level is a very 

important element. For electric vehicles, it analyze the 

dynamic performance by using simulator for hybrid vehicles, 

or recently it have started development and research.[7]-[9] 

However, in the case of the in-wheel vehicle, unlike the 

conventional hybrid vehicle, the drive motor is mounted on the 

each driving wheels. Since In-wheel vehicle load torque 

acting on the each drive wheel has a different from the inline 

type of a conventional power transmission system, it is 

necessary to develop a separate drive performance simulator 

platform. 

In general, the steering motion of the vehicle cannot be 

realized by dynamometer, evaluating the performance at an 

actual vehicle. In-wheel vehicle controls left and right drive 

motor independently, there is a concerns about operational 

reliability in the actual vehicle experiment, so there is a 

difficult aspect is to facilitate steering test. 

 In general, dynamometer acts the same load torque in left 

and right wheel. To pass the steering testing of the in-wheel 

vehicles indirectly dynamometer testing machine, it will give 

implement each load torque of left and right dynamo motor 
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that acting on vehicle while 3-D road driving. In this case, it 

would be meaningful evaluation that dynamometers’ driving 

load torque is similar with actual vehicle driving. In this study, 

for construct the actual vehicle level of the operating 

environment, generating the load torque of each wheel in 

order to effect load torque to the dynamometers’ each motor.  

In this paper, first setting the target vehicle to a compact 

rear-wheel drive vehicle of the compact D-Class level.  

Using the PI control theory, build an In-wheel vehicle control 

logic, and evaluate the stability of the operation. Using the 

Carsim and Matlab/Simulink, analyzed the various vehicle 

behavior analysis and dynamic performance of the road. 

Carsim is a commercial simulation program for analyzing the 

behavior of the vehicle in which vehicle dynamics model 

based.[10] Using this program generate the load torque of 

each wheel in each road.  

In addition, with regard to the same road will have a unique 

load torque for each wheel.[11] Utilizing the generated load 

torque for each wheel, developed an evaluation simulator for 

common In-wheel vehicle. Developed forward simulator in the 

form of a GUI, and saved the motor and battery map in 

simulation form of a library. 

Using this program, select desired motor and battery and 
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entering the load torque and the angular velocity of particular 

road. Then it is possible to evaluate such performance and 

fuel economy of a vehicle. 

In this study, it is an object that suggest the method actual 

level experiment environment in dynamometer that in-wheel 

vehicle which driven motor operate independently. Also using 

the motor and battery libraries, considering characteristics of 

the in-wheel vehicle, suggest a method for simulator similar 

with actual vehicle driving environment which have desired 

powertrain. 
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2. Methodology 

 

First, extracting the load torque of each wheel should be 

proceed. To extract the load torque, it is easy to use 

resistance equation. However, it cannot calculate 3-dimension 

road, because of cornering. Since, section 2.1 suggest the 

method that extract the road’s load torque of each wheel 

using simulator. In section 2.2 suggest simulator that using 

extracted load torque of wheel not using driving cycle, which 

evaluate the performance of in-wheel vehicle. 

 

 

2.1. Design the control logic and simulation 

environment to extract the load torque of each wheel. 

 

Experiment with fabricating in-wheel vehicle is costly and 

time consuming. Also it is difficult to ensure the selection and 

stability suitable motor, so conduct the simulation first. In 

case of the in-wheel vehicle, motor that power source fitted 

to each left-right wheel. Drive performance when the linear 

motion is also important, but on the characteristics of the In-

wheel vehicle, driving performance of the wheels at the time 
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of turning is very important. For a typical hybrid and electric 

vehicles simulator, test and evaluate the linear driving 

performance of the motor is possible, but driving the 

performance of the turning motion is impossible.  

In this section, extract the load torque of each wheel of the 

vehicle during turning movement, and thus to develop 

simulation technology for performance prediction and initial 

design of the vehicle system. 

Modeling a small In-wheel vehicle, developing the control 

logic, and evaluate the driving performance during turning and 

straight load torque and in-wheel vehicles.  

 

2.1.1. Target vehicle and environment 

 

The specifications of the vehicle used the D-Class Sedan of 

Carsim program, and the structure and details of the vehicle 

are Figure 2.1 & Table 2.1. 
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Figure 2.1 Vehicle size 

Table 2.1 Vehicle specification 

Property Value 

Air density (m/  ) 1.206 

Frontal area (  ) 2.3 

Air drag 0.3 

Rolling resistance 0.0038 

Mass (kg) 1550 

Tire radius (m) 0.335 

 

The target vehicle is rear-wheel drive In-wheel vehicles. 

Motors are mounted in each rear wheel. The maximum torque 

of the motor that has entered the rear wheel, 153.6 (Nm), the 

maximum angular speed is 9998.1 (rpm). Performance curve 

is as Figure2.2. 
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Figure 2.2 Motor performance map 

It uses the internal resistance model of the vehicle battery. 

In this model, the internal resistance and the open circuit 

voltage of the battery is represented as a function of the 

battery SOC. If the motor power is determined from the 

driving cycle, the battery will provide power to the motor. 

 

 

2.1.2. Control logic 

 

2.1.2.1. Driver module 

 

Driver module is generating a pedal signal during driving. As 

shown below, if the current speed is less than the required 

speed, generates an acceleration signal. In the opposite case, 
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generate a deceleration signal. 

 

 
Figure 2.3 Driver module 

2.1.2.2. Yaw rate & lateral acceleration PI control[12]-[14]  

 

In developing the simulator, using the PI control logic for 

the driving force distribution and safety. Lateral acceleration 

control and Yaw rate control, PI control logic is based on 

vehicle dynamics equation.  

 

m =̈      +      cos  +     +     −     +      sin  +   ̇ ̇

m =̈     +     +      +      sin  + (    +     ) cos  −   ̇ ̇

   =̈        +      sin  +       +      cos  −        +      +
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(    −     ) sin    

 

Desired speed

Upper limit

Lower limit

Real speed

Braking 100% Braking 0~100%
accelerating 

0~100%

accelerating 

100%



 

 12

 
Figure 2.4 Vehicle dynamic model 

PI-based vehicle safety control logic, using vehicle yaw 

rate measurements, based on the following equation. The 

desired yaw rate value is calculated based on the steering 

command and the current vehicle speed. Also lateral 

acceleration calculated as same way using below equation.  

 

  ̇  =
  
 

=
  

  +   +
    (     −      )
2      (  +   )

  

  ,   =
  

 

 
=

  
 

  +   +
    (     −      )
2      (  +   )

  

 

In the simulator, it using driver model calculates the target 



 

 13

speed acceleration using current speed and the input data. 

Also it calculates the desired Yaw rate and lateral acceleration, 

and then torque distribution is conducted using PI control. 

 

 

 

 

 

 

 

2.1.3. Developed simulator and behavior analysis 

elements 

 

Using a Carsim and Simulink developed the simulator. Developed 

vehicle powertrain and control logic integrated with commercial 

3-D simulation program. Simulator constructed similar with the 

actual driving state, it could be simulated in SILS environment.  

First it becomes possible to analyze the in-wheel vehicle 

behavior in virtual 3-D road driving. Using this extract the load 

torque of each wheel. To evaluate the in-wheel vehicle behavior 

is derived as a result of the following property. 

 

Table 2.2 Dynamic performance evaluating element 
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Property 

Driving path RPM of each wheel 

Longitudinal speed of vehicle Slip rate  

Longitudinal force of tire Steer angle 

Vertical force of tire Yaw rate  

Lateral force of tire Aerodynamic force 

 

 

 

 

2.1.4. Extract the load torque of each wheel 

 

Also, based on the Carsim manual load torque of the each left 

and right wheel can be derived as follows.[15] 

 

  _    _  = −    × (ℎ  +    ) +   _   _  +   _  _   

  _    _  = −    × (h  +    ) +   _   _  +   _  _   

 

2.2. Evaluation system of In-wheel vehicle using 

driving motor’s load torque 

 

In this section, developed powertrain performance and fuel 

economy evaluation simulator for In-wheel vehicles by using 

the as a function of time obtained load torque and the angular 
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velocity derived from section2. Each road will have a unique 

load torque for each wheel. Input the load torque and angular 

velocity derived from section 2, substitute conventional travel 

path of the driving cycle. Select the desired motor and battery 

in library and run a simulation. Then powertrain performance 

and fuel consumption of the in-wheel vehicles with the 

selected motor and battery comes out as a result. 

 

 

 

2.2.1. Forward GUI Simulink model 

 

Forward In-wheel GUI simulator modeled in simulink is as 

follow. There are driver model and battery, because the motor 

for each tire is controlled it is composed of two inverters, 

motors, final gear, wheels.  
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Figure 2.5 Simulink model 

 

 

 

 

2.2.2. Motor & Battery library[16] 

 

Motor and battery as Powertrain components, proceeded to 

module. It was previously invented in Renewable energy 

conversion laboratory by Dr. Namwook Kim. Motor system, is 

approximated by using a mathematical model representing the 

operation characteristics of the motor, and using the Lookup 

table provided the operating performance characteristics 

throughout the experiment. In this study, it was constructed 
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29 of the motor library.  

In case of the battery, also using the approximation model 

using the Lookup table of extracting the operational 

performance of the battery in the parameters with 

experiments, and input and output power control by BMS. 

Battery was constructed 20 of the battery library.  
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Figure 2.6 Motor library (29 components) 

 

 
Figure 2.7 Battery library (20 components) 

 

2.2.2. Regenerative braking algorithm 
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To evaluate the powertrain performance and fuel efficiency 

using the load torque & rpm of each wheel, regenerative 

braking control logic should be added. Using the braking force 

distribution modeling, regenerative braking control logic is 

constructed. 

 

2.2.2.1. Braking force distribution modeling[17] 

 

Front and rear tire equilibrium moments is different, so 

braking force of front wheel and rear wheel should be 

different. By considering the equilibrium of moments about the 

front and rear tire, braking force distribution is performed. 

First, deceleration of vehicle during the braking, it can be 

expressed as follow using figure2.8 force acting on vehicle,. 

 

j =
   +    

 
 

 

 

 

 

 

Using that force equilibrium moments, and using that figure 

as follow equations can be derivative. 
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(  +

ℎ  

 
) 

  =
  

 
(  −

ℎ  

 
) 

 

Front and rear tire force ratio can be expressed as follow. 

And using that equation braking force distribution lead and 

deceleration rate is as like figure2.9. Using Deceleration ratio 

and ideal braking force lead contact point, force distribution 

rate is calculated.  

 

   

   
=

  

  
=

  + ℎ  / 

  − ℎ  / 
 

 

 

Figure 2.8 Force acting on vehicle 
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Figure 2.9 Braking force distribution and deceleration lead 

 

2.2.2.2. Regenerative braking control algorithm[18] 

 

Using the idle braking force distribution lead, regenerative 

braking algorithm is constructed. Front wheel braking totally 

operate in mechanical force, rear wheel braking operate 

mechanical braking and regenerative braking. In rear wheel 

mechanical braking force and regenerative braking force 

should be divided using limit regenerative braking logic. The 

minimum speed limit should be set, because of consideration 

of the safety of vehicle and the battery overcharge. 

Considering these, regenerative algorithm is as follow.  

 



 

 22

 

 

 
Figure 2.10 Regenerative algorithm 

 

 

 

 

 

2.2.3. Configuration of the GUI simulator 
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For Input GUI, motor, battery, and driving cycle and also 

possible to enter other vehicle information. Configuration is as 

following figure2.11. Desiring motor and battery can be 

selected in library. For driving cycle, the user simulate the 3-

D road driving cycle of interest using Carsim / simulink 

simulator developed in Section 2. The results of the each 

wheel load torque and rpm stored in the load and the angular 

velocity libraries (driving cycle) and execute the simulation. 
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Figure 2.11 GUI simulator input 
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Motors, batteries, inverters, and extra information can be output 

via the output GUI. Each of the output information are listed in the 

following table3.1. In the case of motor six elements, five battery 

elements, four inverter elements. 

 

Table 3.1 Output components 

Elements Output 

Motor 

Speed(rpm) 

Torque(Nm) 

Electric power(kw) 

Mechanical power(kW) 

Efficiency 

Signal 

Battery 

SOC 

Power(kW) 

Resistance(ohm) 

Voltage(V) 

Current(A) 

Inverter 

Loss con(kW) 

Loss switch(kW) 

Loss total(kW) 

Efficiency (%) 
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Figure 2.12 GUI simulator output 
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3. Results 

 

3.1. Driving characteristics and load torque using 

Carsim&Simulink 

 

Through the developed simulator, for the four types of special-

shaped road (sine wave, double change, circle, highway merge) 

and the real road shape three (looped road edges, real road1, real 

road2) confirmed the stability of control logic and validity of the 

development simulator. In this study, it is confirmed that possible 

to be use in new roads that are not analyzed.  

Of these, the some results of an analysis of looped road edges 

that driving route has a certain altitude difference and the left and 

right turning is as follows. In the case of looped road edges is the 

path that contains the hill running, the length of the total 1121m, 

running time is 72s, maximum altitude difference is 5m. 
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Figure 3.1 Target driving path x-y 

 

 
Figure 3.2 Target driving path x-y-z 
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Results of running along a target vehicle traveling road is as 

follows. It can be confirmed that in-wheel vehicle follows target 

path and the target vehicle speed. 

 

 

 
Figure 3.3 Driving path result 

 

 

 
Figure 3.4 Driving speed 
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Analytical results of the characteristics longitudinal force, lateral 

force is as follows. Since the driving force comes from the rear 

wheels, when the longitudinal force, it can be observed that to 

generate a driving force in the rear wheel. At the turning time, the 

lateral force changes at the left and right wheels.  

 

 
Figure 3.5 Longitudinal force of each wheel 

 

 

 
Figure 3.6 Lateral force of each wheel 
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Other driving characteristic of in-wheel vehicle is as follows. 

 

 
Figure 3.7 Vertical force of each wheel 

 

 
Figure 3.8 Driveline speed of each wheel 

 

 
Figure 3.9 Slip ratio of each wheel 
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Figure 3.10 Yaw rate 

 

 

 
Figure 3.11 Steer angle of each wheel 

 

 
Figure 3.12 Aerodynamic force 
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3.1.2. Load torque of each wheel using  

Carsim&Simulink 

 

Accordingly, the load torque of the left and right wheels 

calculated for the dynamic characteristics with time is as follows. 

Since, left and right motor operating same road, it is similar 

left and right load torque. But some points, there is a small 

difference like second 2 or other points. It is because of 

cornering. If it is only straight or climbing cycle, the graph 

should be same. Experiment in dynamometer using this load 

torque, It could be deduct more accurate and reliable results.  
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Figure 3.13 Load torque of left wheel 

 

 

 
Figure 13.14 Load torque of right wheel 
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3.2. Powertrain performance and fuel economy using  

forward GUI simulator 

 

By applying the behavior of the dynamic loads torque of each 

wheel through the GUI S / W, it is possible to analyze the driving 

powertrain performance and fuel economy of the vehicle. As used 

for example looped road edges in Section 2, using the load torque 

and rpm of each wheel, analyzed using GUI S / W. The selected 

motor and battery set arbitrarily, it is as follows.  

 

Table 3.2 Battery & motor specification 

Motor 

Max speed(rpm) 7795 

Max torque(Nm) 248.43 

Battery 

Capacity(Ah) 60 

Max power(kW) 145 
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Figure 3.15 Motor performance map 

 

 
Figure 3.16 Battery performance map 
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Some of the simulation results is as follows, whereby it is 

possible to evaluate the powertrain performance and fuel 

efficiency evaluation for the in-wheel vehicle with the desired 

motor and battery specification. 

 

3.2.1. Motor results 

 

 
Figure 3.17 Left & right motor rpm 

 

 
Figure 3.18 Left & right motor torque (Nm) 

 

 
Figure 3.19 Left & right motor power (kW) 
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Figure 3.20 Left & right motor mechanical power (kW) 

 

 
Figure 3.21 Left & right motor efficiency 

 

 
Figure 3.22 Left & right motor signal 

 

3.2.2. Battery results 

 

 
Figure 3.23 Battery SOC 
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Figure 3.24 Battery power (kW) 

 

 
Figure 3.25 Battery resistance (ohm) 

 

 
Figure 3.26 Battery voltage (V) 

 

 
Figure 3.27 Battery current (A) 
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3.2.3. Inverter results 

 

 
Figure 3.28 Left & right inverter con (kW) 

 

 
Figure 3.29 Left & right inverter loss switch (kW) 

 

 
Figure 3.30 Left & right inverter loss total (kW) 

 

 
Figure 3.31 Left & right inverter efficiency 
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4. Conclusion 

 

Since in-wheel vehicle generating a driving in each wheel 

analysis of dynamic performance from each drive unit is very 

important at the time of turning.  

1) Unlike Existing internal combustion engine vehicles and 

hybrid vehicles are computed dynamic performance 

evaluation or dynamometer test only 1-D or 2-D 

direction, developed the in-wheel vehicles simulator in 

3-D road with a Carsim / Simulink for dynamic 

performance analyzing.  

2) In general, the steering motion of the vehicle cannot be 

realized by dynamometer, evaluating the performance 

at an actual vehicle. But In-wheel vehicle electrically 

controls each motor independently, there is a concern 

for actual vehicle turning test for safety. To 

complement this problem, simulated in 3-D road, it was 

found the load torque of the vehicles’ wheel acting 

upon actual vehicle steering.  Dynamometer uses load 

motor to test the vehicle, using this load torque of each 

wheel, implement the load torque at the left and right 

dynamometers’ load motor independently. 

3) Using constructed of motor (29 components) and 



 

 42

battery(20 components) library, and based on the 

results of section 2 the load torque and rpm of each 

wheel along the road, In-wheel powertrain  

performance evaluation and fuel efficiency evaluation 

can be performed with combination of various motors 

and battery  

In this study, as a result, it suggested a method to 

experiment in dynamometer similar with actual vehicle driving 

using different load torque and rpm of each wheel that motor 

is operating independently. Utilizing the dynamic loads torque 

as time passes, analyze the behavior characteristics. And 

realistically suggested evaluation technology, possible way to 

pass the load torque to dynamometer. Through the load 

torques, presented more accurate method how the can 

powertrain performance and fuel economy evaluation for in-

wheel vehicles of the plurality of combinations. 
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국   

각 퀴 부하를 이용한 인  차량  

시험 법 시 
- 능 평가 포함하여- 

 

울 학  학원 

계항공공학부 

손 승  

  

본 연구에 는 각 퀴  부하를 이용하여 연구에 는 

독립  구동부인 모 를 자 어하는 인  차량  새 운 

시험 법  시한다. 인  차량  경우 각각 좌우 퀴  

구동륜  자 어 하  때 에 퀴가 상  조 어가 

지 않  경우 험한 상황에 처할  있다. 신차를 개 할 때 

일  실차 실험  진행하   다이나모미 에  동  시험 

 능 평가를 행하게 는데, 다이나모미  실험  경우 

차량  직진 시험만  구 해 낸다. 인  차량  경우 회시 

독립 어 는 각 퀴 모  안  구동 평가가 요하므 , 

다이나모미  실험에  인  차량  회 시 부하토크를 

다이나모미  부하 모 에 인가한다면 다이나모미 에  회를 

포함한 동  능 평가가 가능 할 것이다. 이번 연구에 는 , 

PI 어 직  이용하여 어 직  구축하고 안  
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평가한다. Carsim과 Matlab / Simulink를 사용하여 차량  동  

운동  가상 3차원 구동 도 에  시뮬 이 하며, 이를 통해 인 

 차량  주행 능  분 한다. 그리고 분  동  능  

통해 부하토크를 도출해 낸다. 도출  각 퀴  부하 토크를 

다이나모미  부하 모 에 인가시킨다면, 직진실험만 도 3차원 

도 에  주행  모사할  있 며, 실차 실험 이 단계에  좀 

 한 능 분   안  평가를 할  있  것이다. 또한 

각 도 는 각 퀴 별  고 한 부하 토크를 가지게 는데, 이를 

통한 인  차량  워트 인 능 분  시뮬 이  작 법  

시한다. 존 시뮬 이 에 는 도  보를 시간에 따른 

차속에 한 cycle  입 하게 어, 좌우 퀴  독립구동에 

한 향  시한다. 앞  구한 도  별 각 퀴  부하토크를 

주행 cycle  입 하게 다면 고 하여 독립 구동 는 인  

차량  2차원 시뮬 이 에 도 실도 를 주행한 것과 같  

결과를 얻   있다. 개  시뮬 이  경우 29개  모  

20개  리가 라이 러리  구 어 있어 원하는 사양  

모  리를 택하여 인  차량 워트 인 능 평가  

연  평가를 진행 할  있다.  

 

 

주요어 : 인  차량(In-wheel vehicle),  

다이나모미 (Dynamometer), 실도 (3-D road),  

부하(Load torque), 주행 능 (Driving performance)  

학 번 : 2014 – 21855 
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