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ABSTRACT

Article History Dynamic modelling and simulation of an induction motor is of great significance both
Received: 14 May 2019 in the academic and in the industrial world. The characteristics of an induction motor
Revised: 19 June 2019 . . . . .
Accepted: 23 July 2019 are represented mathematically. The mathematlcal representation is modeled with
Published: 16 September 2019 MATLAB/SIMULINK software. The main advantage of this software over other

programming soft wares is that, instead of compilation of program code, the simulation

Keywords model is built up systematically by means of basic function blocks. The dynamic
MATLAB properties of the induction motor are determined from the graphs obtained from the
laniLrlle:lc(:lts software. A reduced model of the induction motor is modeled by setting the stator
Dyna“m«m‘ transients to zero. In this paper, the complete model and the reduced model are
g/ilefliﬁ‘laig(%n compared. From the results obtained, the reduced model can sufficiently represent the

dynamic characteristics of an induction motor - the currents, and rotor speed of the
induction motor. Equally, from the results obtained, the torque dynamic characteristics
of the motor are however not satisfactorily represented by the reduced model.

Contribution/ Originality: This paper studied the effect of reducing the induction motor model on the
performance characteristics. It was observed that the reduced model represented the dynamic characteristics of an
induction motor to a large extent considering the currents and rotor speed of the induction motor but not same

with the torque dynamics.

1. INTRODUCTION

Both in the industry and in the academic world, dynamic modelling and simulation of an induction motor is of
great significance. The dynamic simulation is one of the key steps in the validation of the design process of the
motor drive system [17. It removes mistakes and errors in the prototype production and analysis. The dynamic
model of the induction motor is made in dqo - direct, quadrature, and zero - sequence axes. A dynamic model is
simply a mathematical representation of a system or network of systems. Similar works [2-107] especially on
modelling and analysis abound with just a few [11, 127 narrowing down to component reduction. The full model of
the induction motor is a high order differential system and thus difficult to model. A reduced model shortens the
number of differential equations [117] and thus it is easier to model. In this work, the reduced model is obtained by

completely reducing the stator transients. This means that the differential equations of the stator variables are set
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to zero. This makes for easy modelling and analyses of the motor. In this work, the complete model and the reduced
model are compared. This is to show whether the reduced model is sufficient to be used in the analysis of the
behavior of induction motors. The complete and the reduced models are simulated in a MATLAB/Simulink
program. This program is preferred because it is easier to use; it can accomplish the dynamic model in a simple way;

and it can be simulated faster with the use of function blocks.

Therefore, apart from the industrial need, this piece of work is relevant in academics for further research and

study of the performance characteristics of induction motors.

1.1. Assumptions

To achieve a dynamic model for a 3-phase induction motor, the following assumptions were made:

1. Uniform air gap.
ii. Squirrel-cage type construction.
il. The stator and rotor windings are balanced and sinusoidally distributed.
iv. Saturation and parameter change are neglected [17.
V. Motor operation is at no load.
Vi. Rotor voltage is zero.

Vil. Eddy current, temperature effects, and skin-eftect are neglected [13, 14].

viil. Three-phase winding configuration.

2. MODELLING

A model of a system is a mathematical or physical representation of the system relationships [157. Therefore, a
dynamic modelling of an induction motor is defined as the representation of the dynamic characteristics of an
induction motor using mathematical equations. Hence, to model an induction motor we need to derive the
mathematical equations that show the relationships of the motor.

The equivalent diagram of an induction motor is shown in Figure 1.
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Figure-1. Equivalent circuit diagram of an induction motor.

2.1. Electrical Model

Considering the electrical model of the induction motor, the voltage equations can be derived as:
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. W v
Vqs =Tlysg + “_h1£’ds + “_,h‘!ans

. W P
Vigs=rsigs—— +—
dz ztds “,h1n!’qs “,h1f'}ds
Vos = T'sigs +
0s — Felps N 1!’03
Wh
iy W »
Vqr =Tplge T wh Yo+ wh 1pqr
. Wg— Wy i
Vap =1pigy — +—
dy rldr wh 1pq1- whqur

Vor=rpig + i¢ﬂf

The flux equations:
1pq-s = X&s iqs + Xm [iqs + iqr)
Vs = Xpige + X (ig, + ig,)
1:“)03 = X&siﬂs
1;'3':;1- = Xiriqr + Xm [iqs + iqr)
1:“}:[1- = Xiridr + Xm (Ids + idfj
1:“)01- = Xiriﬂr
If we set;
Xss = X&s + Xm

X‘I‘I" = Xif-l_xm
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The following matrices are therefore obtained:

2.92. Mechanical Model

2019, 9(7): 56-64
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The mechanical model of the induction motor is represented by the torque equation. The torque equation can

be expressed as:

F = ()6) bnlintar— e
If we set;

D=X_X.— 'XEJ‘J-

The torque equation can be written as:

2

T = (5) (5) o (Wastar — Wasther)

3. COMPLETELY REDUCED MODEL

(17)

To completely reduce stator transient simulation, the stator transients are set to zero. This means that:

dib iz — ‘N"I?-E
dt dt

=0

Equations 1 -3 now become:
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. Wg
Vqs =Telysg + H_b1pc£s

. Wg
Vo, =rzig.——
ds stds W 1pqs

Vps =Tsips

(22)

(29)

(24)

The model depicting the full model and the completely reduced model are shown in Figure 2.
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Figure-2. Model of the induction motor.
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The Table 1 shows the parameters used for the simulation of the induction motor:

Table-1. Parameters for simulation.

Parameter Symbol Value
Rated power hp 3 hp
Rated input voltage v 220 V
Rated input current I 5.8 A
Number of poles p 4
Mechanical speed N 1710 rpm
Frequency 60 Hz
Stator resistance T, 0455 0
Rotor resistance T, 0816 0
Stator leakage reactance e 0754 0
Rotor leakage reactance X, 0754 0
Magnetizing reactance X 96.13 01
Rotor inertia ] 0.089 kgm?
Load T, 0 Nm
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4.1. Stmulation Results

For the parameters of the motor given in Table 1, the graphs of the rotor speed, electromechanical torque,
stator current, and rotor current are plotted. Two plots were made for each graph: plot with stator transients and
plot when the stator transients were neglected. Thus, the two plots were compared and contrasted. The results are
to show that the completely reduced stator transients’ model is adequate to predict the behavior of an induction

motor.
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Figure-3. Graph of rotor speed (rpm) against time (s).
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Figure-4. Graph of electromagnetic torque (Nm) against time (s).
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Figure-5. Graph of stator current,ias (A) against time (s).

L

50 h T e T S
B | 1 1 1 1 |

N —#— With Stator Transients

100 -4F- kA Without Stator Transients [------ -

z 1 ] :
=l ] ;
g Kl T
3 1 '
o | | |
5 ! : :
k=] 1 i
e I 21 BT A I S S et R Sty Foteeees N
i j

0.z 0.45 0.5

Time (seconds)
Figure-6. Graph of against of rotor current,ias (A) against time (s).

4.2. Analysis of Results
Now, the different plots are analyzed taking a graph at a time.

4.2.1. Rotor Speed
From Figure 3, it is seen that the both plots are similar. They have the same steady state speed of 1800 rpm.
Also, they reach this steady state at the same time, 0.15 second. The only obvious difference is noticed during the

transient state, that is, between 0 to 0.15 second. The transient behavior is not exactly the same, but they are
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closely similar. This slight difference is as a result of the stator transients being neglected. It has, therefore, been

shown that the stator transient can be used to predict the speed characteristics of an induction motor.

4.2.2. Electromagnetic Torque

From Figure 4, it can also be seen that both plots are similar. They have the same steady state torque of 0 Nm.
They also reach their steady state at the same time, 0.15 second. However, the plot with stator transients has a
maximum torque of 873.7 Nm and a minimum value of -40 Nm, while the plot without stator transients has a
maximum torque of 191.1 Nm and a minimum value of 0 Nm. Also, the reduced model has lower overshoots. The
difference in the two plots is plain and obvious, unlike that of the rotor speed. It can be deduced, therefore, that this

reduced model cannot effectively predict the behavior of the torque of the induction motor.

4.2.8. Stator Currents

From Figure 5, the two plots, with stator transients and without stator transients, have no much difference.
They have same steady state value and they reach this value at the same time, 0.15 second. They have
approximately same maximum and minimum values. The transient characteristics are closely similar. Thus, we can
conclude that the reduced model can be used effectively to determine the stator currents’ characteristics of an

induction motor.

4.2.4. Rotor Currents
From Figure 6, the two models are again very similar with no much difference: same steady state value and
time, approximately same maximum and minimum values. The transient behavior is the same. Therefore, the

reduced model can be used to predict the rotor currents’ characteristics of the induction motor.

5. CONCLUSION

From the results obtained, the dynamic behavior of the induction motor has been determined using two
different models. From the graphs, it is seen that the model with completely reduced stator transients can
adequately determine the dynamic behavior of an induction motor. Although the torque-characteristics of the
motor is not satisfactorily represented, the currents, speed are adequately represented.

Therefore, it suffices to conclude that the completely reduced model can be used to predict the dynamic

characteristics of an induction motor.
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