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Abstract—The electronic load is used to simulate the 
asynchronous motor and its load, making up the shortage of 
classic physical simulation method. The equivalent model of 
asynchronous motor is discussed. Combining the equivalent 
circuit with the rotor equation of asynchronous motor, the 
asynchronous motor model is built up. With the asynchronous 
motor model and the electronic load based on PWM, the 
asynchronous motor electronic load model is obtained. The 
simulation results of asynchronous motor drugging different 
kinds of load are obtained in the events that in starting, in 
steady state, with disturbances on power supply side and load 
side. The design with electronic load in the field of circuit 
control is proved to be correct and feasible. 

Keywords- electronic load; the asynchronous motor; dynamic 
physical simulation 

I. INTRODUCTION  
There are various types of power system load, such as 

electrothermal load, lighting load, rectifying load, the 
synchronous motor, the asynchronous motor, and so on. It’s 
difficult to simulate the character of the asynchronous motor 
exactly, which is one of most important load. The classic 
physical simulation used in dynamic physical simulation is 
an approximation method, so that the electric motor 
simulators with different capacities have to be provided, and 
there are shortcomings that the parameters are hard to adjust, 
the cost is increased, and so on. If the electronic load can be 
used in the dynamic physical simulation of asynchronous 
motor character and load characteristic of electric drive, the 
shortages can be make up for that the method and condition 
of experiment are flexible, the parameters can be adjusted 
easily, and the cost is decreased[1][2]. 

The essence of electronic load is to simulate a classic 
load with a power electronic convert. So that, the electronic 
load can replace the real impedance load when the input 
current of electronic load can be precise controlled and has 
the same character with real impedance load[3][4]. Although 
the electronic load can’t take over the classic load yet[5][6][7], 
the theoretical basis of its application in asynchronous motor 
simulation is adequate. The asynchronous motor electronic 
load and its concrete model realization are discussed here. 

II. EQUIVALENT ASYNCHRONOUS MOTOR MODEL 
The exact asynchronous motor simulation using the 

electronic load lies in the accuracy of reference current. So 

the equivalent asynchronous motor circuit is adapted to solve 
the power supply side command input current of Load 
simulation unit. 

For the equivalent asynchronous motor which is driving a 
load, the input current of asynchronous motor can be got, 
when the terminal voltage is known, the parameters such as 
resistance and inductance of rotor, stator, and magnetizing 
branch are given. 

Setting that the asynchronous motor with the insulated 
neutral has no zero sequence components, and the terminal 
voltage of asynchronous motor in dq0 coordinate can be 
expressed as: 
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where sav , sbv , scv  are the values in abc coordinate, ω  
is the angular frequency of system. 

The asynchronous motor voltage equation in dq0 
coordinate can be expressed as: 
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The slip ratio s can be expressed as: 

 
0

1 ns
n

= −  (3) 

where n  is the real motor speed, 0n  is the synchronous 
speed. 

The flux-linkage equations of asynchronous motor in dq0 
coordinate can be expressed as: 
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The electromagnetic torque eT ( N m⋅ ) is  

e qs ds ds qsT i iψ ψ= −                             (5) 

According to the Newton's second law, there is 

 e L
dT T J
dt
ω

− =   (6) 

where LT ( N m⋅ ) is load torque, J ( 2kg m⋅ ) is rotary 
inertia, which is a constant corresponding to the specific 
motor, ω ( rad/s ) is angular velocity of rotation. 

By Solving the simultaneous Equation (2), (4), (5), (6), 

dsi  and qsi  can be got, and the Stator current of 
asynchronous motor in abc coordinate can be obtained 
through Equation (7): 
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Combining the equivalent circuit with the rotor equation 
of asynchronous motor， the asynchronous motor model can 
be built up based on Matlab, as shown in Fig. 1. 
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Figure 1.   asynchronous motor model 

The model is a differential equation with its solution 
procedure. Firstly, *

ai , *
bi , *

ci  are estimated through 
Equation (2), (4), (7). Secondly, the electromagnetic torque 
can be got by Equation (5). Thirdly, the rotor speed n  can 
be obtained by Equation (6). Then, *

ai , *
bi , *

ci  can be 
confirmed again based on the new value of rotor speed n . 

III. ASYNCHRONOUS MOTOR ELECTRONIC LOAD MODEL 
The key point of asynchronous motor electronic load is to 

realize the input three-phase AC control of , so that its 
current characteristics are same as the actual motor when 
looking from the grid side. Combining the asynchronous 
motor model with the electronic load based on PWM, the 
whole asynchronous motor electronic load model can be 
obtained, as shown in Fig. 2. 

 
Figure 2.  asynchronous motor electronic load model 

The electronic load is designed based on the basic 
principles and topology of three-phase voltage type PWM 
rectifier[8][9].The main circuit is a DC-AC-DC back to back 
system. It is composed of three units used for load simulation, 
energy store and feedback respectively.  

In the load simulation unit, three-phase voltage source 
PWM rectifier consists of full-controlled switch 1 6T T− , 
whose main function is to control the input current to track 
the reference current rapidly and accurately, so that variety 
of load characteristic simulation, such as balanced, 
unbalanced, nonlinear, and dynamic loads, can be realized. 
The capacitor C  is the main component of the electric 
energy storage unit. The energy feedback unit is similar to 
the load simulation unit, whose main function is the control 
of the output current, making the energy absorbed can back 
to the grid through the inverter efficiently, while maintaining 
a constant DC bus voltage. 

The starting current of induction motor is large and 
changes quickly. However, the electric energy storage unit 
can just absorb a certain part of current because of the 
capacitor DC voltage and PWM modulation rate limitations. 
By improving the DC voltage, the PWM modulation voltage 
range can be expanded, but the harmonics of absorption 

392



 

current and feedback current will increase, and the higher the 
pressure resistance of the IGBT is required. For this case, the 
shunt principle is used by combining the independent 
voltage-type PWM converters in parallel in power feedback 
unit, and the phase shift PWM is applied in the control 
system, so that the capacity of simulator and the output 
current waveform are improved. 

IV. SIMULATION AND ANALYSIS 
The parameters of asynchronous motor are set:  

1 1.375R = Ω , 2 1.047R = Ω , 8.34mR = Ω , 

1 0.0077349HL = , 2 0.0140058HL = ,

0.262924HmL = , 

The rotary inertia is 0.25J = 2kg m× , 
The number of pole-pairs is 4p = . 
The tests on asynchronous motor electronic load include 

simulation of no-load starting, starting with load, power 
interference and load disturbances, and the results are shown 
as fellow: 

The motor was no-load starting, load torque 0LT = , the 
results are shown as Fig. 3. 
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Figure 3.  the no-load starting character simulation form 

The motor started with load, load torque 1LT = N m⋅ , 
the results are shown as Fig. 4. 
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Figure 4.  the starting with load character simulation form 

Fig. 3 and Fig. 4 show the waveform graphs of real value 
and command value of a phase stator current in power supply 
side, and the angular velocity of rotation from top to down.  

As shown in the waveform graphs, no matter in the 
condition of no-load starting or starting with load, the 
waveform of power supply side input current of Load 
simulation unit is almost same as the command current 
waveform, the angular velocity increases gradually and 
keeps be about 320rad/s. It shows that the electronic load can 
preferably simulate the no-load starting and starting with 
load characteristic of asynchronous motor. 

The power interference of load simulation unit occurred 
at 1.4 second, when the power voltage changed from 220V to 
250V abruptly, the constant torque load is drove by 
asynchronous motor, and the results are shown as Fig. 5.  
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Figure 5.  the power interference character simulation form 
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The load disturbance occurred at 1.4 second, when the 
load torque LT  changed from 1 N m⋅  to 5 N m⋅ , the results 
are shown as Fig. 6. 
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Figure 6.  the load disturbances character simulation form 

Fig. 5 and Fig. 6 show the waveform graphs of real value 
and command value of a phase stator current in power supply 
side, the angular velocity of rotation, and the electromagnetic 
torque from top to down. 

As shown in Fig. 5, the waveform of power supply side 
input current of Load simulation unit can follow the 
command current waveform quickly, the angular velocity 
increases as the real angular velocity of motor; the 
electromagnetic torque resumes to the original value after the 
fluctuation proving that the constant torque load is being 
drove. It shows that the electronic load can preferably 
simulate the asynchronous motor characteristic when there is 
power interference. 

In Fig. 6, the waveform of power supply side input 
current of Load simulation unit can follow the command 
current waveform quickly, the angular velocity decreases and 
then keeps steady, the electromagnetic torque increases and 
then keeps steady. It shows that the electronic load can 
preferably simulate the asynchronous motor characteristic 
when there is load disturbance. 

V. CONCLUSION 
The asynchronous motor electronic load for dynamic 

physical simulation of power system is discussed. 

Combining the equivalent circuit with the rotor equation of 
asynchronous motor，  the asynchronous motor model is 
built up， consisting of the asynchronous motor model and 
three types of mechanical loads models．  Based on the 
asynchronous motor model and the electronic load, the 
asynchronous motor electronic load model is obtained. The 
tests on asynchronous motor electronic load including 
simulation of no-load starting, starting with load, power 
interference and load disturbances are taken. The results 
show that the waveform graphs of each parameter are almost 
consistent with the real motor, using the electronic load to 
simulate the asynchronous motor and its load is correct and 
feasible． 
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