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Abstract:

The dynamic performance of induction motor fed by current-source are analyzed in this
paper based on Ansoft. The theory of symmetrical components is used to derive the
fundamental formula of induction motor fed by current-source and the co-simulation
method combined Ansoft/Maxwell 2D and Ansoft/Simplorer is studied in detail. The
characteristics of induction motor fed by current-source in different working condition are
analyzed. The results indicate the changes in the magnetic field and operating performance
variations of the induction motor fed by current-source compare with that fed by
voltage-source. The conclusions provide a reference for theoretical research of induction
motor body and optimal design of its control system.
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1. Introduction

In the variable speed drive systems, induction motors are widely used in industrial application
[1,2]. Induction motor drives employ mostly a voltage-source inverter (VSI) topology. However,
its application is restricted by poor load current limitation capability, dynamic response
retardation and four-quadrant operation limitation. Contrarily, the current source inverter (CSI) is
a strong candidate for induction motor drive systems due to its inherent advantages such as

perfect over-current ability, good dynamic response and regenerative capability [3,4]. These
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features make the CSI fed induction motor drive more and more attractive in medium to high
power application. A typical configuration of three-phase CSI is shown in Fig.1.

More exploitation have been done to the CSI fed induction motor drive system [5,6,7,8].
However, most of the researches showed little concerns to the operating characteristics variations
of induction motor fed by current-source. When the induction motor is fed by voltage-source, the
stator voltage is constant and the stator current is forced to fluctuate. When the induction motor is
fed by current-source, the stator current is maintained constant and the output stator voltage is
forced to change with the load. In fact, the operation performance and magnetic field of the
induction motor fed by current-source vary greatly compared with that fed by voltage-source.
This paper presents the changes in the magnetic field and operating performance variations of the
induction motor fed by current-source compare with that fed by voltage-source which provides
reference for further study on electromagnetic theory and mechanical characteristics of CSI fed

induction motor drive.
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Fig.1. Configuration of three-phase CSI topology

2. The Basic Equations of Induction Motor Fed by Current-Source with Symmetrical
Components Method

The motor can be described by fourth-order matrix equation in a-f reference frame as follows:
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and the impedance matrix in a-f reference frame can be expressed as
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Assume that the stator current is unsymmetrical l.., I can be replaced by the positive

sequence component | and negative sequence component |y . They are related by the following

equation:

. . .
lse =lp+1In

lsp =—j|P+j|N

(3)

Similarly, the relation of the rotor current with symmetrical component method is described as

ira [ 1 l} if
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|b (4)

follows:

Impedance matrix [z],, in symmetrical component coordinates results from([z] ,, so
R+jol, 0 joM_ 0
[Z] 0 R +jol, 0 joM_
"M, 0 R+jol, 0
0 (o, +o )M 0 R +j(w+o)L, (5)

The voltage equation of the induction motor in symmetrical coordinates can be expressed as

UP R5+ja)$|_50 0 ijMSI'O 0 |P
Un 0 R +jol, 0 joM_, I
| i@ -0 )M 0 R +jol 0
Uf S r sro T 510 |'
. 0 jlo,+o M, 0 R+j+o)L, |.
U, | L (6)

The positive sequence component of the stator and the rotor can be an independent coordinate.
Similarly, the negative sequence component can be too. The second line and the third line of

equation (6) are interchanged, so equation (6) is now transformed into equation (7)
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The rotor voltages of the squirrel-cage induction motor is zero, so U =U, =0.When the stator

current is symmetrical, the negative component 1y =1, =0, equation (7) can be changed into

LJP R$+ja)SLSO ja)SMSVO IP
o | Lile-aM, R+jw-o), |:

It (8)
SO
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When the stator 1- is a known value, the rotor current is as follows:
| ja)SMSm | ja)SMSVo |
R+i0-0), R+l (10)
Then the stator voltage can be written as
Ur =R, +jo L )let+ joM_ I
. . joM : (11)
=R +jo L )le+(———"""")Is
Rr + ja)sl Lro
And
IP = '\/g I A (12)

The equation of the electromagnetic torque, output power and the stator flux can be derived based

on the equations from (9) to (12).

3. The establishment of finite element model

Analysis and simulation modeling techniques in induction motors can be classified in two
categories. One is electrical parameter model, the other is to build the motor model by using
motor design software. The method of the electrical parameter model can observe the electrical
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characteristics of the induction motor, but the internal magnetic field of the motor cannot be
obtained. By using motor design software to establish the motor model can get part of the
electrical characteristics and the internal magnetic field, but it is unfitted to the complex electrical
system. So the co-simulation method is explored in this paper which meet the demand of the
complex the drive system. The Ansoft/Maxwell 2D and Ansoft/Simplorer are used to build model
of the induction motor fed by current-source to explore the characteristics variation compare with
that fed by voltage-source. An four-pole induction motor is presented in this paper. The

parameters of tested motor are listed in Table I.

Table I. Parameters for tested motor

Parameters Values
Rated Shaft Power 11 KW
Rated Phase Voltage 380V
Rated Frequency 50Hz
Synchronous Speed 1500r/min
Number of The Pole Pairs 2
Number of Stator Slots 36
Number of Rotor Slots 26
Outer Diameter of Stator 260mm
Inner Diameter of Stator 170mm
Outer Diameter of Rotor 169mm
Inner Diameter of Rotor 60mm
Core Length 155mm

In accordance with the model requirements, the material properties of the motor are set
including stator winding, stator core and rotor core and other parts of the motor. Because of the
two dimensional analysis of the motor, the vector magnetic field in Z direction is set to 0. In the
finite element model of induction motor, no-load speed and rated speed of the motor are set 1500
rpm and 1462 rpm respectively. According to the mechanical parameters of the motor, the finite

element model is created in Ansoft /RMxprt which is shown in Fig.2.
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Fig.2. Finite element model of tested motor

4. The co-simulation method combined Ansoft/Maxwell 2D and Ansoft/Simplorer

Importing the finite element model and building the peripheral circuit and relevant load in
Ansoft/simplorer, the co-simulation system is built which is shown in Fig.3. The Phase A in and
Phase A out of the motor represent both ends of the A phase winding, Phase B in and Phase B out
represent the ends of the B phase winding and Phase C in and Phase C out represent both ends of
the C phase winding. 1, I and I3 are three-phase symmetrical current-source. The A, B, C
three-phase in ports are connected to the three-phase current-source. The A, B, C three-phase out
ports are connected together to form the star structure of the stator winding. MotionSetupl_in and
MotionSetupl_out ports are motor mechanical port. The inertia MASS _ROT1 and load torque
F_ROT1 are connected to MotionSetupl_out. The load torque are added by using STEP1 and
STEP2. MotionSetupl_in is grounded.
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Fig.3. The co-simulation model of the induction motor fed by current-source

5. Simulation results and analysis

When the induction motor is fed by current-source, the input is the stator three-phase
currents and the stator currents are constant when load is varying. At start-up, the induction motor
under no load is fed by rated current at 50HZ. A rated load is 70N.m which is applied after
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start-up transient time 4s. The simulation results are shown in Fig.4(a) including the stator
currents wave, stator voltages wave, electromagnetic torque wave and motor speed wave.

To compare the characteristics difference of induction motor fed by between current-source
and voltage-source, the waves of induction motor fed by voltage-source are presented in Fig.4(b)
including stator voltages wave, stator currents wave, electromagnetic torque wave and motor
speed wave. It can be seen from the Fig.4(b) that the input of induction motor is stator three-phase
rated voltages instead of three-phase rated currents. A sudden load 70N.m is applied after start-up
transient time 0.5s. Fig.4 shows that when the induction motor is fed by current-source, the stator
currents are maintained constant irrespective of load variation and the output stator voltages are
forced to fluctuate. When the induction motor is fed by voltage-source, the stator voltages are
constant and the stator currents are forced to change. The starting torque of the induction motor

fed by rated current is lower than that fed by the rated voltage.
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Fig.4. The simulated waveforms at 50HZ of the induction motor
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The co-simulation model of the motor can not only present the electrical characteristics
waveforms of the system, but also can observe the changes of the magnetic field of the motor
during the operation. Two cases are given to present the magnetic field distribution difference of
the induction motor between fed by current-source and by voltage source. One is in start process
under no-load, the other is in steady state under rated load. Due to the symmetry, only one
half-structure of the induction motor is shown in Fig. 5 and Fig.6. Magnetic field distribution of
the induction motor fed by current-source and by voltage source at 53rpm speed during the start
process are shown in Fig. 5(a) and Fig.5(b) separately. When the induction motor is fed by rated
voltage-source, the starting current of the motor is larger than the rated current. However, the
stator current of the motor fed by current-source is maintained constant. Therefore, it can be seen
from Fig.5 that the magnetic flux intensity of the induction motor fed by current-source is lower
than that fed by voltage-source during the start process of the motor. There is no severe magnetic
saturation phenomenon in Fig.5(a), however, the magnetic saturation of silicon steel sheet is both
obvious and serious in Fig.5(b). The Fig.6 presents the magnetic field distribution of the induction
motor fed by current-source and by voltage source at 1462 rpm speed with the rated load in steady
state. When the motor is in stable operation under rated load, the stator current whenever the
motor is fed by current-source or by voltage-source are both rated current, so there is little

difference between Fig.6(a) and Fig.6(b).
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Fig.5. Magnetic field distribution of tested motor at 53rpm speed
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6. Conclusion

The dynamic performance of the induction motor fed by current-source are analyzed in this
paper. The co-simulation system combined Ansoft/Maxwell 2D and Ansoft/Simplorer is built.
The simulation results indicate the changes not only in the operating performance but also in
magnetic field of the induction motor fed by current-source compare with that fed by
voltage-source. The conclusions provide a reference for theoretical research of induction motor

body and optimal design of its control system.

Nomenclature

R;» R stator , rotor resistance
L,, L, stator self-inductance, rotor self-inductance
M, mutual inductance of the motor

Usw s Usp o-axis and B-axis components of stator voltages

ls«» lsp - axis and B-axis components of stator current
e, lip - axis and B-axis components of rotor current
I P I N

positive sequence and negative sequence components of  stator current in

symmetrical coordinates
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I+, lo positive sequence and negative sequence components of rotor current in symmetrical

coordinates

I A phase of stator current

. synchronous , rotor and slip speed in electrical radians/second.

s @Dy O,

sl

[Z]aﬂ ,[Z]pn op-axis and symmetrical coordinate impedance matrix

Ur , U+ positive sequence component of stator voltage and rotor voltage in symmetrical

coordinates

Ub, Un negative sequence component of stator voltage and rotor voltage in symmetrical

coordinates
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