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Introduction

An advanced electric drive is a mechatronic system,
which contains both mechanical and electronic units. The
frequency converter acts as an electronic unit in drives
based on the AC induction motors. The software Matlab is
typically used for the simulation of electric drives.
However, in case when the drive includes such a complex
electronic unit as a frequency converter, the electronic
circuit simulation programs offer an advantage over the
program Matlab. Unfortunately, as a rule the electronic
circuit simulation programs do not include a suitable
model of the AC induction motor. Therefore, the
development of AC induction motor models adapted for
the simulation using the electronic circuit simulation
software becomes important. The model of the induction
motor and frequency converter developed for electronic
circuit simulation program PSpice is considered in the
work. The results of simulation of performance
characteristics of the mechatronic system frequency
converter – AC induction motor using the program PSpice
are presented as well.

Model of the Mechatronic System Frequency
Converter – AC Induction Motor

An induction motor is a complex electromechanical
system with both electromagnetic and mechanical
processes to be considered. The mathematical model of the
induction motor includes differential equations, ascribing
both electromagnetical and mechanical processes [1, 2, 3].
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(1)

where RS uu


, – the supply phasor voltages of stator and

rotor windings; RS ii


, – phasor currents of stator and rotor

windings; are phasor flux linkages of stator and rotor
windings; RS, RR – resistances of stator and rotor windings;
LS, LR – inductances of stator and rotor windings; MSR – the
mutual inductance between stator and rotor windings; ω –
the angular speed of the rotor; α – the angular speed of
reference frame.

Windings of the stator and rotor are coupled by the
mutual inductance. To develop a model of the induction
motor for the program PSpice, the inductances of stator
and rotor windings should be expressed in terms of self-
induction, which is related to the flux, linking the winding
and mutual inductances as:

SRSS MLL   , SRRR MLL   , (2)

where LSσ, LRσ – the self inductance of stator and rotor
windings.

Substituting (2) into (1) and expressing phasors by their
projections give a set of motor equations for the x axis:
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In the same way is derived system of equations for
variables, aligned along y axis:

 

,

,

(4)

,

.

Sy Sy Sy
Sy S Sy S SR Sx k

Sy S Sy SR Ry

Ry Ry Sy
Ry R Ry R SR

Rx k

Ry R Ry SR Sy

di di di
u R i L M

dt dt dt

L i M i

di di di
u R i L M

dt dt dt

L i M i





 



  



  
      

 
  

  

      
 

 

  





66

The expressions of equation sets (3) and (4) can be
presented as closed loops with appropriate electric
elements using the program PSpice. Each equation
corresponds to one loop.

The loops presenting the x axis are modeled according
to (3), and those presenting the y axis – according to (4).
One loop corresponds to the stator, the other – to rotor
circuits. The last terms in the equations, which include the
magnetic flux, can be presented using voltage sources
connected to the corresponding loops. The sources take
into account the influence of loops presented on a different
axis to each other, e.g. the influence of loops on the x axis
to the loops on the y axis.

Magnetic fluxes ψSx, ψRx, ψSy and ψRy are modeled by
two current controlled voltage sources connected in series,
the gain of which is equal to the corresponding inductance.

Mechanical part is described by equation:
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, (5)

where JR – the inertia of the motor and drive; Tem – the
developed electromagnetic torque.

The PSpice is a program specialized for the simulation
of electronic circuits [4], therefore, all mechanical
variables, such as speed and torque must be replaced by
electrical variables. The current in the developed model
replaces the torque, the capacity − inertia and the voltage −
speed.

The equivalent circuit of the induction motor model is
shown in Fig.1 [7]. Each nod has its number, which is
presented in oval label. The labels of nodes are required for
creating of motor model. The further explanation uses node
label.

Fig. 1. Equivalent circuit of the induction motor model

The part of the circuit with nodes 1 − 7 corresponds to
the set of equations (3) and the part of the circuit with
nodes 8 − 14 to the set of equations (4). Sources uRx and
uRy are used to establish currents of the rotor.

As it was mentioned, magnetic flux linkages are
calculated using the circuit with two current controlled
voltage sources connected in series and choosing the gains,
equal to the corresponding inductances. This connection
produces voltages at nodes 16, 18, 21 and 23 (Fig.1) equal
to the corresponding fluxes. The resistance Ra between

nodes 16, 18, 21, 23 and ground has any influence on the
operation of the circuit and is used only to create closed
loops.

The torque is calculated according to magnetic fluxes
using (5), multiplying it by the adjustable current source.
The current of the voltage controlled current source is
equal to one component of flux, voltage controlled
resistance – to the other. In this way the voltage drop
across the adjustable resistance is equal to the product of
both components. The controlled current source and
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resistance connected between node 25 and ground (Fig.1)
generate the product ψSyψRx. An analogous circuit
connected between 26 and ground gives the product
ψSxψRy. The torque is equal to the current of the source,
connected between node 27 and ground. This source is
controlled by the voltage difference between 25 and 26
nodes.

The rotor inertia is modeled using the circuit that
contains capacitance connected to node 27 and the current
source, which corresponds to the torque. The voltage of
node 27 by its numerical value is equal to the angular
speed of the rotor.

Voltages of nodes 19 and 24 are equal to the product of
magnetic flux and difference in the speed of reference
frame and the rotor angular speed. These products are
formed in the same way as for calculation of the torque.

The algorithm for creating the frequency converter
output voltage is selected according to the requirements of
the drive performance parameters, for example, allowed
pulsation of the speed, simplicity of the algorithm, contents
of harmonics [5]. Let us analyze the frequency converter
operating according to the well-known six-step algorithm.
Following this algorithm the period of the voltage is
divided into six intervals and the voltage is constant inside
of each interval.

The developed model of the motor contains just two
phases, therefore the three-phase supply source should be
changed by the two-phase one.

The phasor of supply voltage is calculated as:
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where uA, uB, uC – instantaneous phase voltages.
Supply voltages of the two-phase equivalent electrical

machine are calculated using expressions:

 SSx uu


Re and  SSy uu


Im . (7)

The values of three-phase motor phase voltages and
corresponding two-phase motor voltages for each of 6
intervals are given in Table 1.

Table 1. The values of three-phase motor phase voltages and
corresponding two-phase motor voltages for each of 6 intervals

Time uA uB uC uSx uSy

0 – T/6 Umax Umax 0 Umax/3 Umax/√3
T/6 – T/3 0 Umax 0 -Umax/3 Umax/√3
T/3 – T/2 0 Umax Umax -2Umax/3 0

T/2 – 2T/3 0 0 Umax -Umax/3 -Umax/√3
2T/3 – 5T/6 Umax 0 Umax Umax/3 -Umax/√3

5T/6 - T Umax 0 0 2Umax/3 0

The pulse voltage generator of the PSpice component
library is used to create the values written in the lasts two
rows of Table 1, used for the case of two-phase voltage. As
the standard PSpice generator gives a constant level signal
during the period, the three generators connected in series
are used to create the voltage uSx and two generators – to
create uSy.

Results of Simulation

By employing the developed models on the basis of the
program PSpice, the simulation of the mechatronic system
frequency converter – AC induction motor type 4A100L2
was provided. The results are presented in Fig. 2–4.

Fig. 2. Current in the stator winding of phase A at starting

The frequency converter produces the pulse output voltage
created by the output switches. The change in the state of
switches causes the transient. It is seen in Fig. 2 that during
the transient the instantaneous values of the current in the
motor windings and, consequently, in the switches
increase. The increased value of the instantaneous stator
current causes a larger torque. This fact induces the ripples
(pulsations) of the developed torque (Fig. 3).

Fig. 3. Starting transients of the motor torque

Fig. 4. Starting transients of the motor speed
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The transient process of the speed is shown in Fig. 4.
The torque pulsations are damped by the mechanical
system of the motor and do not influence the motor speed.
The dashed line shows transients of the motor speed
supplying it with the sine voltage. The duration of the
starting process of the motor supplied with the frequency
converter is longer due to the reverse component of
magnetic field, which develops the braking torque.

Conclusions

1. The implementation of the developed model of the
motor allows us to present the mechatronic system
frequency converter – AC induction motor, which includes
the electrical and mechanical parts as a unified model that
can be realized using the program PSpice.

2. The instantaneous values of the phase current of the
motor supplied with the frequency converter increase
significantly during the switching of the motor windings.
This fact should be taken into account during the
development of the frequency converter power stage.

3. The torque developed by the motor supplied with the
frequency converter oscillates and this fact should be taken
into account during the design of the mechanical part of
the mechatronic system.
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Обсуждаются вопросы, связанные с моделированием системы преобразователь частоты – асинхронный двигатель, 
рассматриваются ее динамические характеристики. Моделирование проводится средствами программы PSpice. Для 
моделирования асинхронного двигателя используется модель эквивалентной двухфазной машины в трансформированной 
системе координат. Модель преобразователя частоты состоит из двух источников напряжения, питающих различные обмотки 
двухфазного двигателя. Приводится результаты моделирования: переходные процессы тока статора, скорости и 
электромагнитного момента при холостом пуске двигателя. При питании двигателя с преобразователя частоты в обмотках 
протекают активные коммутационные процессы. При таком характере изменения токов проявляются пульсации 
электромагнитного момента, неисчезающие даже после окончания переходного процесса скорости. Анализ переходного 
процесса скорости показывает, что при питании oт преобразователя частоты переходный процесс длится на 20 % дольше чем
при питании с трехфазной сети. Ил. 4, библ. 7 (на aнглийском языке; рефераты на английском, русском и литовском яз.).
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Nagrinėjamas dažnio keitiklio ir variklis sistemos modelis ir jos dinaminės charakteristikos. Sudarytas PSpice programai pritaikytas
dažninės pavaros modelis. Trifaziam asinchroniniam varikliui imituoti panaudotas ekvivalentinio dvifazio variklio modelis
transformuotoje koordinačių sistemoje. Dažnio keitiklis imituojamas pakeičiant jį dviem įtampos šaltiniais, maitinančiais skirtingas
ekvivalentinio dvifazio variklio apvijas. Pateikti ir išanalizuoti imitacijos rezultatai: statoriaus srovės, greičio, elektromagnetinio
momento pereinamieji procesai paleidžiant neapkrautą variklį. Variklio, maitinamo iš dažnio keitiklio, apvijose vyksta aktyvūs
komutaciniai procesai. Kintant srovei, atsiranda elektromagnetinio momento smūginės pulsacijos, kurios nedingsta net pasibaigus
greičio pereinamiesiems procesams. Greičio pereinamųjų procesų analizė rodo, kad iš dažnio keitiklio maitinamo variklio greičio
pereinamasis procesas užtrunka 20 % ilgiau nei maitinamo iš trifazio tinklo. Ill. 4, bibl. 7 (anglų kalba; santraukos anglų, rusų ir lietuvių
k.).


