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Abstract—The theory of reference frames has been
effectively used as an efficient approach to analyses the
performance of the induction electrical machines. This paper
presents a step by step simulink implementation of an
induction machine using stator and rotor equation in the stator
reference frame equations. For this purpose, the relevant
equations are started at the beginning, and then a generalized
model of a three-phase induction motor is developed and
implemented in an easy to follow way. The main objective of
this paper is to simulate the induction motor model in
MATLAB/ Simulink and study the effect of speed, torque,
stator and rotor currents on three phase induction motor
performance characteristics.

Index Terms— Induction motor,
simulation, stationary reference frame.

modeling and

NOMENCLATURES
Vas, Vos V s Stator Voltages for phase a, b and ¢
respectively.
Va Vo Ve Rotor Voltages for phase a, b and ¢ respectively.
Lis Stator magnetising inductance.
L Stator leakage inductance.
L Rotor leakage inductance.
Wis> Pivs» Pies  Stator flux linkage.
Yir, Pior, Pier  Rotor flux linkage.
Tem, Ti Electromagnetic and Load Torque.
Ins, Ips, s Stator current for phase a, b and c respectively.
lar, Ipr, I Rotor current for phase a, b and c respectively.
Nr, Ny Rotational and Synchronous speed.
ON Rotor electrical angular velocity.
I's Stator resistance.
I, Rotor resistance.
B Frictional co-efficient.
P Number of Poles.
J Moment of Inertia.

[. INTRODUCTION

The voltage and torque equations that describe the
dynamic behavior of an induction motor are time-varying. It
is successfully used to solve such simple equations such as
stator equations in terms of rotor equations and rotor

equation in terms of stator equations in order to overcome the
complexity of differential equations in the arbitrary reference
equation.

The simulink based dynamic induction motor models are
available in many books [1] — [5] and research paper [6] —[8]
but they describe the models as black-box with no internal
connection detail. Some of them recommend s-functions for
accessing the model variable but they are not use the full
power of simulink. However, the s-function run faster than
discrete simulink blocks, but simulink models can be made
faster using accelerator function [13] or state space model
[14].

The dynamic model of induction motor, which is
frequently used in motor dynamic studies like motor control,
drive specifications, motor protection, starting high inertia
loads, fast and large load changing, successive starting,
locked rotor, etc is expressed by the six different equations of
three- phase instantaneous torque, speed, voltage and current
equations.

The provided machine model is simulated in a way that
makes it easy for the reader to follow and understand the
implementation process since it gives full details about
simulink structure of each of the model equations.

The main goal of this paper is to simulate the
mathematical model of three phase induction motor in
MATLAB/Simulink and study the effect of stator and rotor
currents, speed and torque on motor performance
characteristics.

II. INDUCTION MOTOR MODEL

The stator equations are framed in terms of rotor equation
and the rotor equations are framed in terms of stator
equations. The torque and speed are framed in terms of both
stator and rotor equations. Here the rotor voltages (Var, Vo,
V.) are stationary (i.e., zero) and so it terms as stator
reference frsme.

The stator currents iy, ips, ics 1S given by,

Fias = ﬁ (Vi (% 0] + [ CF) *(Zis + Fico)] -

Nr
[Lons™* E) * {[(lPi” # COS Er) -
(iar*ﬂ)r*siﬂ E‘i" )] +
[(¥inr * cos(B, + f) - (in*o*sin(8, + :!—'T)] +
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[(Finr * cos(B, — ) - (iw*or*sin(, — N}
ias: fTigs (1)

Fips = m {[Vis (1% be)] + [ (E) *

(‘Pias + 1'Filzs)] - [Lms* (l:_:) *
{(Fipr = cos Br) - (i o *sin G )] +
[(Ficr = cos(8, + f) - (lg*o*ein(8, + ‘!—-r)]

[(Tliar * ':":'S':Er - 1'!_") -
(in*o*sin(8, — 1}

ips= [ Pips 2

[Ver (1% ie)] + [ (50 * (P + Fico)] -

[Los* (o) * {[(Fier * 05 6y) -
(ig* o *sin . )] +

[(Fiar * cos(B, + f) - (o * o *sin(8, + :!—'7)]+
[(Fine * cos(8, =) - (in*o/sin(6, — )1}

1
TiEE = ':L'Is"'['m::' {

ies= fTinx 3

The rotor current iy, iy, 1 1S given by,
1

Fior = e (Ve (0 ] +
[N/ NP2 (B + Fier)] -
[Loc* Q) *{[(Fiss * 05 6,) - (1 *0,*sin6, )]
+ [(Fics * cos(B, + ) - (i o *sin(, + )]
+ [(¥ips » cos(6, — ) -

(ins*o*singg, — )11}

iar: fTiir (4)

1 .
Fior = ity LY (% 1))

[{Nrmg]‘*(%)* (Fiar + Fier)] -
(L™ (ﬂ_:)*{[(‘f’ihs * €05 6r) - (ips*o*sin )] +
[(¥1a5 * cos(8, + ) - (iu*o sin(8, + )] +
[(Pics = cos (8, — ) - (ies*o*

Fieq * sin(6, — D}

ibr= [ Pine )
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1

= ok
Fier = i o mnaey WVer (0% )] +

[{Mfms]:*(%)* (Fips + Fica)] -
[Lms* (;J_:)*{[(IPH:S * COS Er') - (ics*(Dr*SiﬂE'r.)] "
[(¥ips * cos(fy + f) - (ibs* o, *sin(8, + :g_l-:)] +

[(Bias * cos(8, — T) - (lu*o sin6, — T)]}}

icr:.rlFil:[' (6)

The equations (1) — (3) are a stator current equation which
denotes that the integral of stator flux linkages and the
equations are framed in terms of rotor equations. The
equations (4) — (6) are a rotor current equation which denotes
that the integral of rotor flux linkages and the equations are
framed in terms of stator equations.

The electromagnetic torque is given by,

Tem= Lins *(-P/2) *{[((1as*(far-( 16r/2)~( 1cr/2))) + (los™ (o~
(1a/2)-(1e/2))) + (ies™ (er( 1ar/2)-(16:/2))))
*sin B ]+ [((las™((i6r/2)-(1er/2))) + (log*((1e/2)-(1a/2))) +
(ies*((iar/2)(ir/2)))) * cos 8 * (V3/2))] (7
The angular velocity is given by,

0= J{[(P/2*]) * (Ten-T0)] - [(B/T) * 0,1} ®)

8= o ®)

N;= [(60/2®) * 0.5] (10)
II. MATLAB/SIMULINK IMPLEMENTATION

In this section, the three phase induction machine model

is simulated by using the MATLAB/Simulink. The model is

implemented using the same set of equations provided above
in equation II.
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Figure 1 MATLAB Simulink model of
Proposed System

In figure 1 depicts the complete simulink scheme of the
described induction machine model. In this system the
equations are framed with separate sub-systems. There are
totally eight sub-system, the left side of the viewer consists of
three sub-system for stator currents (i, ips, ics), the right side
of the viewer consists of three sub-system for rotor currents
(1ar> 1pr» 1¢r) and at the bottom it consists of two sub-systems.
First is for electromagnetic torque and second is for angular
velocity. As for example, sub-system for stator current i, is
shown in figure 2.

There are 16 inputs such as Vi, lu, Ts, WPibs, Piess Luss
(N/Ny), Yiar, Pibr, Picr, theta r, Wy, 1y, 1bp, 1o, Lisand two output
such as Wand i, is shown in figure 2. It is designed from
the equation (1), is denoted below.

Figure 2 Sub-system of stator current i,

The stator flux linkage ¥j4z is given by,

_tr
(Lyg+Lmsgl

Pps = (Ve (1% )] + [ () *
(Fips + Fica)] -

[Lo* (o) * {[(Fiar * 05 6y) -

(1a* o *sin g, )] +
[(Fipy * cos(B, + %)'(ibr*wr*siﬂ{ﬁ'r + :q_.-:)] N
[(Fjpp * cos(B, — ?..) -
(in* o, *sin(8, — :u—'_")]}]} _
The stator current- 1,5 1S given by,

Ips= fTias .

IV. RESULTS AND DISCUSSION

In figure 1, it shows that the some of the values are given
in constant block which is estimated below,

R=0.531 ohms, R=0.408 ohms, L,,=56.4e-3H, L;=2.5¢-3H,
L,=2.52e-3H, Var=V,;~=V.,=0, J=0.1 Kgm"2, B=0.01.

The stator voltage for all the phases is given as sinusoidal
input with different phase shift values and the load torque as
timer input. The result which discusses about the stator
current, rotor currents, torque and speed variations is shown
below.
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Stator current i.s
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Figure 3 Stator Currents variations

Rofor current i

Time in secs

Figure 4 Rotor current variations

In figure 3 which shows that the stator current which has
the variations with no limited values whereas in fig 4 shows
that the rotor current which has the constant variation after
certain limit.

Electromagnetic Torque in N-m

Time in secs

Figure 5 Electromagnetic Torque variation
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Speed in rpm

Time in secs
Figure 6 Speed Variation

The figure 5 and 6 represents the torque variation and
speed variation. At normal three phase voltage the torque
reaches upto 80 Nm whereas the speed reaches upto 1800
rpm.

V. CONCLUSION

In this paper, an implementation and dynamic modeling
of a three-phase induction motor using MATLAB/Simulink
are presented in step-by-step manner. The simulated result
has given a satisfactory response in terms of the torque, speed
characteristics. Further work will be on the simulation of
induction motor model by taking the effect of saturation of
flux and effect of harmonics at supply side.
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