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ABSTRACT: This paper presents Synchronously Rotating Reference Frame dynamic modeling of the induction motor
using MATLAB/SIMULINK. The dynamic behavior of the machine is represented by the system of the differential
equations. Computer based simulation of induction machine has certainly opened new horizons for the performance
analysis. A good mathematical model is helpful in determining the behavior of the induction machine under different
load conditions and in selecting appropriate machine for the specific application. The model describes in this paper can
be used for the steady state and transient analysis of the squirrel cage induction motor.
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I. INTRODUCTION

An induction motor is one of the most often used electric machines in high performance drive applications. Squirrel
cage induction motor is popularly known as the work-horse of the modern industry. It is due to its simplicity in design,
robust construction, reliability, tremendous self-starting capability and high-efficiency.

Induction motors are highly nonlinear and electric rotor variables are not measurable. The skin effect in the rotor
winding and iron core saturation lead to even bigger complications in the modeling process of the machine [7].
Traditionally dynamic parameters are estimated by performing no-load test and locked-rotor test. Due to the
complication of dynamic behaviors of induction motors, inaccuracy of transient characteristics may obtain while using
these dynamic parameters [5]. These tests are not convenient because they require human electrical measurements and
intervention on the machine. The locked rotor test results in very high slip frequency, and increasing skin effect
influence on the rotor resistance. This leads to incorrect operating conditions and inaccurate parameter estimation.

In this research work synchronously rotating reference frame dynamic modeling of the induction motor is used. The
induction machine is represented mathematically using the two-axis theory of electric machines. The two-phase signal
representation is often used to reduce the complexity of the differential equations that describes the induction machine.
Complexity of these equations can also be reduced by eliminating all time varying inductances, due to electric circuits
in relative motion, from the voltage equations of the machine. The time varying voltage and torque equations describe
the dynamic behavior of the induction motor. [1, 2]

Il. LITERATURE SURVEY

The literature of this research paper has been taken from the R. Krishan, “Electric motor drives: Modelling, analysis
and control,” Prentice Hall Company, New Jersey, 2001;Bimal K.Bose, “Modern Power Electronics and AC
Drives,”Prentice Hall India, 2005. Some research papers have also been referred. These papers are P.C. Krause and C.
H. Thomas,* Simulation of Symmetrical Induction Machinery”, IEEE Transaction on Power Apparatus and Systems,
Vol. 84, November 1965, pp. 1038-1053; M. L. de Aguiar, M. M. Cad, “The concept of complex transfer functions
applied to the modeling of induction motors”, Power Engineering Society Winter Meeting, 2000, pp. 387-391;
Boonaruang Marungsri, Nittaya Meeboon , Anant Oonsilvilia “Dynamic Model Identification of Induction Motors
using Intelligent Search Techniques with taking Core Loss into Account”, Proceedings of the 6th WSEAS
International Conference on Power Systems, Lisbon, Portugal, September 22-24, 2006 etc.
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111. DYNAMIC MODELLING

When three phase induction motor is started and during the other transient operations of induction motor its draws large
currents, which produced voltage drips, oscillatory torques and even generate the harmonics in the power systems. The
dqg axis model is more reliable and accurate to investigate such of these problems.

The dynamic model is derived by using two-phase motor in direct and quadrature. This approach is useful because of
the conceptual simplicity obtained with two set of windings one is on the stator and other is on the rotor. [3]

The three-phase stationary reference frame (a-b-c) into two-phase reference frame (d-g-0) is carried out by following
equation [4]

Vqy ,[cos 9 cos(6—120°) cos(6+120°)][Va
[Vd]zg [sin@ sin(8 —120°) sin(6 + 120°) Vb] (1)
vol "l o5 05 05 Ve

where V,, Vy, V. are the three phase stator voltages of an induction machine under balanced condition. V,, V,, V. can
be expressed as:

V.= Vp sin (wt) (2)
Vp = Vi sin (wt-271/3) 3)
V. =V sin (wt+2m/3) 4)

and V, is the zero sequence component, which may or may not be present.
Figure 1: shows the d-q axis representation of the induction motor in which g-axis of stator and rotor is perpendicular to
the d-axis of the stator and rotor respectively.
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Figure 1: d-g axis representation of the Induction Motor

The dynamic model of induction machine plays a vital role in the validation of design process of the motor-drive
systems, eliminating inadvertent design mistakes and the resulting errors in the prototype constructions and testing. [6]
Dynamic model includes three preferred speeds or reference frames as follows:

(a) The stationary reference frame when the d-q axes do not rotate.

(b) The rotor reference frame when the d-g axes rotate at rotor speed.

(c) The synchronously rotating reference frame when the d-q axes rotate at synchronous speed. [1]

The transient dynamic behavior of three phase squirrel cage induction motor can be analyzed by using any one of the
mentioned three reference frames. If the stator voltage is unbalanced or discontinuous and the rotor voltages are
balanced, the stationary reference frames is useful. If the rotor voltages are unbalanced or discontinuous and stator
voltages are unbalanced or discontinuous and stator voltages are balanced, the rotor reference frames is used. And if
stator and rotor all voltages are balanced and continuous, then synchronous reference frame is used. [8]

The voltage balance equation for the dgo coil in arbitrary reference frame is:
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IV. MODELLING IN DIFFERENT FRAMES

In stationary reference frame, the speed of the reference
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In the rotor reference frame, the speed of the reference frame is we = ®;, and angular position is 6.-6,. Hence the
resulting model will be
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In synchronous frame, the speed of the reference frame is we = ws, and angular position 0, = 0, = . Hence the
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resulting model will be
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V. SIMULATION RESULTS AND DISCUSSION

Two asynchronous motors: 3hp and 2250hp were tested in the simulated model which is shown in Figure 2.

Figure 2: Simulink Model
The following graphs shows the rotor speed, electromagnetic torque, currents and torque- speed curve of both the
machines
MACHINE |

()
Figure 3(a): Rotor speed
Figure 3(a) shows the rotor speed graph with respect to the time for the machine I. For the time 0 to 2.5 seconds the
speed is accelerating and for the time 2 to 2.5 seconds it is load less and then it is loaded with torque 9000Nm. The
rotor accelerates from stall with zero mechanical load torque; since friction and windage losses are not taken into
account. It can be observed from the figure that the machine operates at a speed very close to the synchronous speed
when operating on the no-load. After reaching the synchronous speed (in case of no-load condition) the larger
machine’s speed will overshoot, this will take some time to stabilize at around the synchronous speed.

(b)
Figure 3: (b) Electromagnetic Torque
Figure 3(b) shows the electromagnetic torque graph with respect to the time. For the time 2 to 2.5 seconds it is load less
and then it is loaded with torque 9000Nm. The transient oscillation of torque for a load change from no load torque to
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rated torque condition is observed. Transients occur more during the load less condition rather than the loaded
condition.

(@)
Figure 4(a): Rotor Q-axis current
Figure 4(a) shows the rotor Q-axis current graph with respect to the time. For the time 2 to 2.5 seconds it is load less
and then it is loaded with torque 9000Nm. The current is variable time 1 to 1.5 seconds. Current transient also occurs
during the load less condition rather than the loaded condition.
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(b)
Figure 4(b): Rotor D-axis current
Figure 4(b) shows the rotor D-axis current graph with respect to the time. For the time 2 to 2.5 seconds it is load less
and then it is loaded with torque 9000Nm. The current is variable time 1 to 1.5 seconds. Current transient also occurs
during the load less condition rather than the loaded condition.
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Figure 4(c): Stator Q-axis current
Figure 4(c) shows the stator Q-axis current graph with respect to the time. For the time 2 to 2.5 seconds it is load less
and then it is loaded with torque 9000Nm. The current is variable time 1 to 1.5 seconds. Current transient also occurs
during the load less condition rather than the loaded condition.
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Figure 4(d): D-axis Stator Current
Figure 4(d) shows the stator D-axis current graph with respect to the time. For the time 2 to 2.5 seconds it is load less
and then it is loaded with torque 9000Nm. The current is variable time 1 to 1.5 seconds. Current transient also occurs
during the load less condition rather than the loaded condition.
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Figure 5: Torque-speed curve for Machine |
Figure 5 shows the graph between torque and the speed for the bigger machine. The 2250hp machine is relatively high
slip machine; that is, rated torque is developed at a speed considerably more than the synchronous speed. It can be seen
that oscillatory behavior of the smaller machine is much more acceptable than that of the larger machine.
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Figure 6(a): Rotor Speed
Figure 6(a) shows the graph of the rotor speed for the machine Il i.e, for the smaller machine in which the loaded
torque is 11.87Nm. The motor is variable for the very short time. It is observed that transients occur in the machine for
very short time for the load less condition and then machine runs at the synchronous speed.
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(b)
Figure 6(b): Electromagnetic Torque
Figure 6(b) shows the electromagnetic torque graph with respect to the time. The loaded torque is 11.87Nm. The motor
is variable for the very short time. It is observed that transients occur in the machine for very short time for the load less
condition and then machine runs at the synchronous speed.

()
Figure 7(a): Rotor Q-axis Current
Figure 7(a) shows the rotor Q-axis current graph with respect to the time. The current is variable for the short time. It is
observed that the after transients the rotor current behave as the dc currents. A slight variation in the current waveform
occurs during the loaded condition.

(b)
Figure 7(b): Rotor D-axis Current
Figure 7(b) shows the rotor D-axis current graph with respect to the time. The current is variable for the short time. It is
observed that the after transients the rotor current behave as the dc currents. A slight variation in the current waveform
occurs during the loaded condition.
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(©
Figure 7(c): Stator Q-axis current
Figure 7(c) shows the stator Q-axis current graph with respect to the time. The current is variable for the time 0 to 1.6
seconds. It is observed that stator currents are DC quantities in the steady state.

<5tz current (&)

(d)
Figure 7(d): D-axis Stator Current
Figure 7(d) shows the d-axis stator current graph with respect to the time. The current is variable for the time 0 to 1.6
seconds. It is observed that stator currents are DC quantities in the steady state.
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Figure 8: Torque- speed curve of Machine Il
Figure 8 shows the graph between torque and the speed for the smaller machine. The 3hp machine is relatively high
slip machine; that is, rated torque is developed at a speed considerably less than the synchronous speed. It can be seen
that oscillatory behavior of the smaller machine is much more acceptable than that of the larger machine.

VI. CONCLUSION

In adjustable speed drives, the transient behavior of the induction motor has to be taken into consideration. Hence, to
study the dynamic behavior of the induction motor under both transient and steady state conditions, accurate
mathematical models of the induction motor have been developed in the different reference frame by using d-q
modeling. The above model is quite dynamic and competent in simulating during the sudden change in load. Moreover,
d-g modeling is popular approach for the practical implementation of vector controlled induction motor drives.
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MACHINE | DATA MACHINE Il DATA
Rated Pover ZZ50 R Lin 1 T vk 20V
Rated Line to Line Voltage 2400 V ate €10 LIne Voltage
Rated Frequency 60 Hz
Rated Frequency 60 Hz
Number of Poles, P 4
Number of Poles, P 4 -
- Stator Resistance, Rs 0.435 ohm
Stator Resistance, Rs 0.029 ohm
Stator L eakage Reactance, XIs 0.754 ohm
Stator L eakage Reactance, XIs 0.226 ohm -
- Rotor Resistance, Rr 0.816 ohm
Rotor Resistance, Rr 0.022 ohm
Rotor Leakage Reactance, XIr 0.754 ohm
Rotor Leakage Reactance, XIr 0.226 ohm -
- Moment of Inertia, J 0.089 Kg-m
Moment of Inertia, J 63.87 Kg-m Magnetizing Reactance, Xm 26.13 ohm
Magnetizing Reactance, Xm 13.04 ohm 9 9 - -
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