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ABSTRACT— This paper describes the various
mathematical models of both squirrel cage and wound
rotor induction motors in different reference frames with
different state-space variables. The work suggests the d-q
axis unified approach for both types of induction motors
by using the state-space analysis and it is a strong tool in
the modeling of the symmetrical induction motors. When
an electrical motor is represented as a mathematical model
with inputs and outputs, it can be analyzed and described
in many ways, considering different reference frames and
state-space variables. The applications of each model are
also  discussed. Models are  simulated  with
MATLAB/SIMULINK software for transient response of
the squirrel cage induction motor in terms of
electromagnetic torque and rotor angular velocity and
results are discussed.

KEYWORDS— modeling of induction motor, sensor
less control, d-q axes model, and different reference
frames.

1. INTRODUCTION

Due to advances in control system, induction motor is
used as variable speed drive. When an electrical motor is
represented as a mathematical model with inputs and
outputs, it can be analyzed and described in many ways,
considering different reference frames and state-space
variables. In three-phase symmetrical or two-phase
unsymmetrical version, the induction motor is employed
with vector control strategy. Thus, induction motor can be
analyzed as DC motor [1].

The dynamic operation of the induction motor drive
system has an important role in the overall performance of
the system and there are two fundamental methods for the
induction motor control: one is the Direct measurement of
the machine parameters, which are compared to the
reference signals through closed control loops and other is
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the estimation of the machine parameters in the sensor
less control schemes, with the following implementation
methodologies: slip frequency calculation method, speed
estimation using state equation, estimation based on slot
space harmonic voltages, flux estimation and flux vector
control, direct control of torque and flux, observer-based
speed sensor less control with parameter adaptation,
neural network based sensor less control, fuzzy-logic
based sensor less control.[2]

The development of the precise system model is
fundamental to each stage in the design, analysis and
control of all electrical machines. The level of accuracy
required for these models entirelydepends on the design
stage under consideration. In some cases, the
mathematical description used in machine design requires
very fine tolerance levels as stated by Nabae and Murata
[3], [4]. However, in the development of suitable models
for control purposes, considercertain assumptions that
simplify the resulting machine model. Additionally, since
modern electric machines are continuously fed from
switching power conversion stages, the developed motor
models should be valid for arbitrary applied voltage and
current waveforms [5]. Generally, the following
assumptions are made while implementing the induction
motor models
No magnetic saturation.

No saliency effects.

Negligible spatial MMF harmonics.

The effects of the stator slots may be neglected.
There is no fringing of the magnetic circuit.

The magnetic field intensity is constant quantity and
directed radiallyacross the air-gap.

e Hysteresis and eddy current effects are negligible.

The goal of this paper is to establish the commonly used
d-qg models in different reference  frames.
Matlab/Simulink software is used to simulate the

www.ijirset.com 71

M.R. Thansekhar and N. Balaji (Eds.): ICIET 14



Modeling of Vector Controlled Induction Motor in Different Reference Frames

dynamic models of squirrel cage induction motor. The
paper has been organized as follows: section Il briefly
explains the measurement of motor parameters, section 111
demonstrate the mathematical model of the induction
motor, section 1V describes the d-q axis models, and the
results of implemented Matlab models are shown in
section V.

I1. MEASUREMENT OF ROTOR PARAMETERS

A. Stator Resistance

The stator phase resistance is measured by applying a DC
voltage and the resulting current with the rotor at
standstill. This procedure gives only the DC resistance at
a certain temperature, the AC resistance is calculated by
considering the wire size, the stator frequency and the
operating temperature.

B. No-Load Test

This test is performed by applying a balanced rated
voltage on the stator windings at the rated frequency and
driven at synchronous speed by DC motor or synchronous
motor, preferably a DC motor. The no-load test provides
information about exciting current and rotationallosses.

C. Locked-Rotor Test

The rotor of the induction motor is locked and a set of
low three phase voltages is applied to calculate rated
stator currents. The input power per phase is measured
along with the input voltage and stator current. The locked
rotor test provides the information about leakage
impedances and rotor resistance. [7]

I11. MODELING OF INDUCTION MOTOR

A. Space vector equations for three-phase induction
motor

For the modeling of three-phase induction motor
generally two theories are used. First one is the two real
axis reference frame theory initially developed by Park for
the synchronous machine [8]. Second one is the space
complex vector theory elaborated by Kovacs and Racz
[9]. Both theories are used to describe the complete
equations system of continuous-time linear model of the
induction motor with certain assumptions. Usually, the
following assumptions are made [10]:

e Geometrical and electrical machine configuration is
symmetrical.

e  Space harmonics of the stator and rotor magnetic flux
are negligible.

e Infinitely permeable iron.

e  Stator and rotor windings are sinusoidally distributed
in space and replaced by an equivalent concentrated
winding.

e Magnetic saturation, anisotropy effect, core loss and
skin effect are negligible.

e Windings resistance and reactance do not vary with
the temperature.

e  Currents and voltages are sinusoidal terms.

Copyright to IJIRSET

e End and fringing effects are neglected

In this approach, all variables are represented by
polar vectors indicating the magnetic and angular
position for the rotating sinusoidal distribution. Let V,,;,=
Phase Voltage, V.= Space Vector Stator Voltage, V. =
Space Vector Rotor Voltage, I, = Space Vector Stator
Current, I. = Space Vector Rotor Voltage, I,, = Space
Vector Magnetisation Current, 1,= Space Vector Stator
Flux, 4, = Space Vector Rotor Flux, f = Supply
Frequency, w, = Synchronous Speed, w, = Electrical
Rotor Angular Velocity, w,,,= Mechanical Rotor Angular
Velocity, R,= Stator Resistance, R,.= Rotor Resistance,
L= Stator Self-Inductance, L, = Rotor Self-Inductance,
L,,= Mutual Inductance, J = Moment of Inertia, Li,=
Stator Leakage Inductance, L,, = Rotor Leakage
Inductance, K, = Stator Coupling Factor, K, = Rotor
Coupling Factor, o = Leakage co-efficient, T ;= Stator
Time Constant, 7 .= Rotor Time Constant, T ;= Transient
Stator Time Constant, 7, = Transient Rotor Time
Constant, p = Derivative Operator.

From the Fig (1), the stator voltage equation is

2
Vs = 5(1']/(15 + CYVbs + (YZVCS)
Vo= 2 (Ll + @lyy + @1e).Ry+ b (LAgs +

adbs+alics
Or in a condensed form

Ve = Rl + pAs 1

Similarly, the rotor equation is

V, = Rl +DA, @)
And stator and rotor flux linkage-current equations are

Ay = L + L,e1, (3)

A = LI + Lye 01 (4)

Where 6 is relative rotor position angle

Vbr
Fig (1) Model of the 3-¢ induction motor in Space Vector Notation

B. Three-Phase to Two-Phase Transformation

To develop models of the induction motor, three-
phase (a, b, c) to two-phase (d, q) transformation is
needed. Fig (2) shows the three-phase to two phase
transformation windings. Assuming that each of the
three-phase windings has T; turns per phase and equal
current magnitudes, the two-phase windings will have
3T4/2 turns per phase for MMF equality. Let the g-axis is
assumed to be lagging the a-axis by 6,. The relationship
between abc and dqo is as follows
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2 2
cosf, cos <QC - —) cos (HC + —)
v 3 3
as 2| ) 2m ) 2m as
Vis| = 3|sin 6, sin (Bc - ?) sin (GC + ?) X Vs
K 1 1 1 Fes
2 2 2
qus = [Tabc]Vabc (5)
[T, lisalso valid for currents, flux-linkages in a machine
a
q d
b c

Fig (2) Three-phase to Two-phase Transformation
In stationary reference frame 6 .= 0,
In rotor reference frame 6 .=6 .,
In synchronous reference frame 6 .=6 ..

C. Generalized Model in Arbitrary Reference Frame

The analysis of induction motor drive system is
carried out by representing the stator and rotor variables
are in a common reference frame. By using the same
space vector notations, we can define an arbitrary
reference frame, which rotates with the angular velocity
w,, and according to Fig (3), the following relation is
valid

X5q = Xgq.€7/%

Where 6 . is the time variable relative angle between
the arbitrary reference frame and the stationary reference
frame. The reverse transformation relation is

Xqq = Xgq. €%
In an arbitrary common reference frame, the voltage and
flux linkage equations (1)—(4) becomes

V€ = Rs. I§ +j.w.. A5 + bAS (6)
Vrc = Rr-lf =] (wc _wr)lg +blf“ (7)
2 =L I + L. I€ (8)
A =L +L,.I° (9)

Equations (6) to (9) represent the mathematical model of
the induction motor in a common arbitrary reference
frame. The main advantage of the arbitrary reference
frame is mutual inductance doesn’t depend on the relative
rotor position. The magnetisation flux and current in an
arbitrary reference frame becomes
An = L (I5 + I7)

I =IE+If

(10)
(11)

d

Fig (3) Transformation into an arbitrary reference Frame
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D. Instantaneous Electromagnetic Torque

The electromagnetic torque of the induction motor is
the ratio of the air-gap power by mechanical rotor speed
(w,,) in rad/sec. The induction motor electromagnetic
torque can be written as
T, = ggl‘m (155'I§r - 1(55'1(%)

(12)

Where P is the number of poles and T, is the
instantaneous electromagnetic torque. The
electromagnetic torque can be expressed in many other
forms by substituting the equations (8), (9), (10) & (11).
Neglecting mechanical damping, the torque and rotor
speed are related as

dwy, P
Lr = 21, - 1)

dt
(13)
whereT;, is the load torque.

E. Modeling of induction motor in Different Reference
Frames

When the mathematical model of the induction motor
is established, several reference frames can be employed
depending on the application and the chosen strategy
control. There are several main reference frames:
stationary reference frame fixed to the stator, rotor
reference frame fixed to the rotor shaft, synchronous
rotating reference frame revolving with an angular
velocity equal to: the air-gap flux, the rotor flux, the
stator voltage, the rotor current space vectors. The
significance of the index is as follows:

s —stationary reference frame

r —rotor reference frame

e —synchronous rotating reference frame
a. Stationary Reference Frame Model Equations
The choice of the reference frame for the dynamic
analysis of the induction motor, especially when the
stator circuits are unbalanced or discontinuous and the
rotor-applied voltages are balanced or zero, is more
convenient to be fixed to the stator frame. This stationary
reference frame was first employed by Stanley [11].
Transformation from the arbitrary reference frame to the
stationary reference frame fixed to the stator is made by
substituting w, =0 and the induction motor equations
system can be written as
Vs = Rs.Igs + bAgs

(14)
Vi, = Ry Ij, + b
(15)
Vi =R, 15 — wp. Ay +PAG,
(16)
Vir =R 15, + w. A3, + pAg,
17
A =L I¢ + Ly, If
A8 =L IS + Ly, IS
b. Rotor Reference Frame Model Equations

The possibility of the reference frame for the dynamic
analysis of the induction motor, especially when the rotor
circuits are unbalanced, is more convenient to be fixed to
the rotor frame. This reference frame is initially
developed for synchronous machine and then applied to
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the induction motor by Brereton [12]. The method of
referring the machine variables to a rotor reference frame
is most useful for field oriented control systems.
Transformation from the arbitrary reference frame to the
rotor reference frame is made by substituting w.=w, and
the induction motor equations system becomes

Vis = Ry Igs + wr. Ags + bAGs (18)
Vis = Rs. Igs — wy. Ags + pAgg (19)
Vi = R, 1 +bAg, (20)
Vi, =Rl + by (21)

A8 =L I+ Ly, IE

A=L.If+L,. I

c. Synchronous Reference Frame Model Equations

The synchronously rotating reference frame is suitable
when incorporating the dynamic characteristics of an
induction motor into a digital computer program used to
study the dynamicandtransient stability of the system. The
synchronous reference frame may also be useful in
variable frequency applications if we may assume that the
stator voltages are a sinusoidal balanced set. It was
systematically developed by Kovas [9], Krause [10] and
Lorenz [6]. Transformation from the arbitrary reference
frame to the synchronous reference frame is made by
substituting w, = w, and the induction motor equations
system becomes

Vs = Rg. Igs + w,. Ags + PAGs (22)
Vis = Rs. 15 — we-AZs + pAGs (23)
qu‘ =R,. I;r + (we - wr)'lfir + DAZT (24)
Vdrr = Rr'Igr - ((’Je - wr)-lgr + pllrir (25)

2 = Lo I + Ly I€
A6 =L, I + Ly, I¢

1V. D-Q AXES MODELS

The three-phase induction motor can be modeled by
using different state-space variables and keeping as inputs
the stator voltages and the load torque, and as outputs the
electromagnetic torque and the rotor angular velocity. The
possible set of currents and flux linkages per second space
vectors are defined as

[X] = [Is I Iy As Ar Am]T(26)

The d-q axes are orthogonal and fixed to the stator, g
axis coincide with the magnetic axis of the as winding. As
there are four voltage equations, it is necessary to consider
two of the space vectors as state-variables in order to
obtain a solution for the equations system. Let the selected
pair of state-space variables are denoted asx;, x,. The set
of six state-space variables will be expressed in terms of
the two selected state-space variables:

_ T
[x] - [IS IT Im )’S )’7‘ Am]
a;r A
az1 App
az1 Qasp
= | . [xl xZ]T
as1 Q42
Qs;  Qsp
A1 Qg2

There are mainly three types of d-q models: current
state-space variables models, flux linkage state-space
variables models, mixed currents-flux linkage state-space
variables models. By using d-g model to obtain a
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complete version of the three-phase IM model, viewed as
the key for a motion control system. The general form of
d-q model equations written in state variables system is
given by:

bx = A.x + B.u(27)

Where x is the selected set of state-variables and
represent also the output of the model, u is the input
vector (stator voltage), A is the coefficient matrix of x, B
is the coefficient matrix of u, and p is the differential

operator (;—t). Flowchart for the dynamic simulation of the

induction motor in d-q model is shown in Fig (4) and in
this paper commonly used state space-variables models
are presented below:

L L
Lls =Ls _Lm:Llr =Lr _Lm:Ks =_m:Kr =_m’
N T
L L, .
c=1-K.K,, 7 =R—S,‘rr =R—r,‘[5 =0.T,T, = 0.7,

‘ Read motor parameters ‘

1
Initialize time and read
applied voltages and finite
time

Choose the reference
frame
I
&=

‘ abc to dqg transformation ‘

Choose the state space
variables

Solve the motor differential
equations

‘ Time=Time+At

‘Compute torque and speed ‘

Store the values of
variables

Is finite time reached?

Print/display the time
responses

Fig (4) Flowchart for dynamic simulation of the IM

A [gs Tas Igp Igr]:

In this mathematical d-q model, stator and rotor space
vector currents are selected as state-space variablesx =
[lgs las I Iar]. The stator current space vector is
considered generally as the right choice, because it
corresponds to directly measurable quantities. This model
is derived by substituting equations (8) & (9) in the
equations (6) & (7) and expressed in a matrix form as
follows:

www.ijirset.com 74

M.R. Thansekhar and N. Balaji (Eds.): ICIET 14



Modeling of Vector Controlled Induction Motor in Different Reference Frames

[ T_s —W —K,. p -0 K
IS -1 15
|[lflq _ | [ T w.. K —K,.p I[las-!
G -1 1§
Bl | kb ook = (@emen| [
ldr T 1 ldr
[(mc—mr) K Kb —oc-e)  —
Tl‘
! 0 0 0
[L—s
1 V¢
lo o o of [
+ s s
0 0 l 0 lvqu
Ly Vir
[0 0 0 l
L,
B. [Iqs Ids Iqm Idm]:
In this mathematical d-q model, stator and

magnetisation currents space vectors are selected as state-
space variables x = [Iqs Ias Iqm Iam]. By selecting
the magnetisation current space vector among the state-
space variables, it is possible to include the saturation
effect in modeling the IM. Also, the stator current space
vector is a measurable quantity, and determines a precise
and accurate option for implementing controllers [13].
This model is derived by substituting equations (8), (9) &
(11) in the equations (6) & (7) and expressed in a matrix
form as follows:

[Tas]

c
Ids

I§m
lgm
[ —Rs —Lm L ]
-, .p —We.—
Lls ¢ Lls ¢ Lls |
_Rs Lm _Lm | [I:is
Wc (- p 1<
_ Ly Lis Lis ds
1 -1 1 1m
—+@A-Kp.p (0 — wp). (1 - K,) — —(we—w)| |
T T Lim
1 -1 |
_(“)c - ‘“r)- 1- Kr) —+ (I_Kr)- b (("c - wr) - J
L T T
! 0 0
Lls ¢
1 V,
o — o0 of|>
+ Lls Vds
1 WA
0 0o — ol T
l‘r |~vdr
0 0 o !
Ll
C. [}lqs Ads A—qr A—dr]:

In this mathematical d-q model, stator and rotor flux
linkages space vectors are selected as state-space
variables x = [Aqs  Aas Aqr  Aar]. When flux linkages
space vectors are selected as state-space variables, the
models are less complex than the current state-space
variables models because of it contains information about

two current space vectors components. From the

equations (8) & (9)

¢ _ LrA§—Ly A¢

Is = Lg.Ly—L2, (30)
LgAS—Lpy AS

Iy = LgLy—L%, (31)

This model is derived by substituting equations (30) &
(31) in the equations (6) & (7) and expressed in a matrix
form as follows:
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i —® =r

T ¢ T
[Afls] o -1 0 K I[’Lﬁs 1000 [ths]
Aasj_| T T [Ms| |0 1 0 of |V
xa,J K -1 (@ w)' f,,J 00 1 o'lv;rJ
gl | T < 7 gl tooo o alvg

K -1

0 1:_: (e — o) =

D. [Aqs /1ds Aqm Adm]:

In this mathematical d-q model, stator and air-gap
flux linkages space vectors are selected as state-space
variables x = [A4s Aas Agm Aam] . This choice
presents the advantage of an easier saturation effect
modeling, but the disadvantage of an increased
computational burden. This easier saturation -effect
modeling imposes many practical solutions for vector-
control schemes. This model is derived by substituting
equations (30), (31) & (10) in the equations (6) & (7) and
expressed in a matrix form as follows:

23]
X | _
Agm
Aol
-1 1 0
_— -
Ts. (1 - Ks) ¢ Ts. (1 - Ks)
-1 0 1
® - -
¢ Ts. 1- Ks) Ts. 1- Ks)
Ks K (1-K w.— 0 K. (1-K -1
O R (S L R SN
T c c T
e mw)K 1-K) K, KeA-K) o -1
c T c T
c [1 0 0 0 ] C
[)qu ] | 0 0 | [Vqs]
1 | )‘5'15 +10 0 w 0 ) vnis
Agm | c Var
l)fdm [0 0 0 K. (1- KS)J lerJ
| c
E. [Aqs Ads Iqs Ids]:

In this mathematical d-q model, stator flux linkage
and stator current space vectors are selected as state-
space variables x =[d¢s Aas Igs las] This
mathematical model is selected when stator flux oriented
strategy is implemented and derived by substituting
equations (9) & (31) in the equations (6) & (7) and
expressed in a matrix form as follows:

0 —w, —R, 0
)\as we 0 0 —R, )‘tc]s
Ml | L, L, @eow) L ey M
IS LT, Lgo Lo T, R N | P
llcjs —((a)c — (1),-) 1 L — __1 l‘cis
L,c L ‘t'r-'-Lsa'p (@c —wr) T,
1 0 0 0
01 o 0 s
c—1 Ve
+lo o 0 ds
Lo Ve
o—1 V¢
00 0 dr
Lo
F. [lqr ldr Iqr Idr]:

In this mathematical d-q model, rotor flux linkage
and rotor current space vectors are selected as state-space
variables x = [A4¢gr Aar Igr Iar] . This model is
optimum solution for rotor flux orientation control
strategy in a drive system. However, as it is impossible to
measure the rotor currents if the machine is equipped
with cage rotor, there are limitations in using this model
for vector control strategies. This model is derived by
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substituting equations (8) & (30) in the equations (6) &
(7) and expressed in a matrix form as follows:

-1 1 1 (o} 1
[Iflﬂ | ‘[; ¢ LrT; L,-O' Lro- [lglr]
1§ | -1 -0, 1 1 1§,
}“cll‘ B T_; L,.O‘ Lrt;+m. .)L!Clr
}‘ﬁr —R; 0 0 _(mc - wr) )LﬁrJ
0 -R (w.-w) 0
=1 4 o o
C
| L,o | [Vas)
c—1 \'
+| 0 0 0|- Ve
| . qr
0 o 1 ollvel
| 0 0 0 1J
G. [Aqm Adm Iqs Ids]:

In this mathematical d-q model, air-gap flux linkage
and stator current space vectors are selected as state-space
variables x = [Aqgm Aam Igs las] . It preserves
information regarding both stator and rotor parameters.
This choice also presents the advantage of an easier
saturation effect modeling. This model is suitable choice
for the air-gap flux orientation control strategy and
derived by substituting equations (8), (9), (10) & (31) in
the equations (6) & (7) and expressed in a matrix form as
follows:

15
5 |
Afm
A§m
r —R, -1 b -0,
— W, .
Lls ¢ Lls Lls
—Rg W, -1 b
® — — —
¢ Lls Lls Lls
-1

Tl (1KDD (- ) L (1K)

_(“)c - ‘“r) L (1= Kr) + L. (I_Kr)- b (("c - wr) T
E
I [ e
Ay |+ | 0 ol.|.%]
| Agm | 1s | Va |
[ag,.] lo 0 K 0} lver
0 0 0 K

IV. SIMULATION RESULTS

The simulation scheme for the modeling of squirrel
cage induction motor in different frames is shown in Fig
(5) and flowchart for the dynamic simulation of the
squirrel cage induction motor in d-q model is shown in
Fig (4). For squirrel cage induction motor, rotor voltage is
equal to zero ie. V, =V; =0 and the following
induction motor parameters are chosen for the simulation
studies:

R, = 0.78Q,R, = 0.15Q, L, = 0.0434H, L, = 0.0407H
L, =0.041H,f =50Hz] = 0.095 kg —m? P = 4.
At t=0, the motor is connected to a 400 V, 50 Hz three-
phase supply. The load torque T, is applied at t=1 sec.
Figures (6) to (26) shows the results of computer
simulation using the MATLAB/SIMULINK models with
T.= 40 N-m.
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Fig (5) Simulation scheme of squirrel cage induction motor model

[Iqs Igs Iqr Idr]:
Stationary Reference Frame:

250

N
-]
3

T

2 Q
3 3

L

T (Nm), T (Nm) & W (rad/sec)

e

[

i i i | i
o 1 2 3 4 5 6 7 8 9
Time(sec)

Fig (6) Electromagnetic Torque, Load Torque, Rotor Angular speed
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e

[
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°

Fig (7) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:

250

8
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L
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e
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°
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Fig (8) Electromagnetic Torque, Load Torque, Rotor Angular speed

[Iqs Ids Idm]:

Stationary Reference Frame:

250

Iym

8

r

]
8

T (Nm), T (Nm) & W (rad/sec)
g

e

@
3

°

o 1 2 3 Kl 3 7 8 9
Tlme(sec)

Fig (9) Electromagnetic Torque, Load Torque, Rotor Angular speed

Rotor Reference Frame:
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r
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Fig (10) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:

250 T
T,
.
—_—w,

g

T

) TL[Nm)&W[rad/sec)
g B

A

Te(Nm
o 8
\

0 1 2 3 5 ¥ 8 9 10
Time(sec)
Fig (11) Electromagnetic Torque, Load Torque, Rotor Angular speed
[Aqs Ads Aqr Adr]:
Stationary Reference Frame:
250‘ ! T
§ —
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gﬂ 100
%
o 1 2 3 4 5 6 7 8 9 10
Time(sec)

Fig (12) Electromagnetic Torque, Load Torque, Rotor Angular speed

Rotor Reference Frame:
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Fig (13) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:
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Fig (14) Electromagnetic Torque, Load Torque, Rotor Angular speed
[Aqs Ads Aqm Adm]:
Stationary Reference Frame:
zsor— ! I ] ! ! 1 ] 1 ] T
3 T [
35 20 =W
g‘ 150
E
Z 100
EE: 50
T | -
o 1 2 3 5 6 7 8 [] 10
Time(sec)

Fig (15) Electromagnetic Torque, Load Torque, Rotor Angular speed
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Fig (16) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:
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Fig (18) Electromagnetic Torque, Load Torque, Rotor Angular speed
Rotor Reference Frame:
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Fig (19) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:
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Fig (20) Electromagnetic Torque, Load Torque, Rotor Angular speed
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Fig (21) Electromagnetic Torque, Load Torque, Rotor Angular speed
Rotor Reference Frame:
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Fig (22) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:

250 r T

3
s

r

I
3

T (Nm) TLszA&Wuad/sec)
8
e

e

Y ! |

o 1 2 3 5 6 T 8 9 10
Time(sec)
Fig (23) Electromagnetic Torque, Load Torque, Rotor Angular speed
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Fig (24) Electromagnetic Torque, Load Torque, Rotor Angular speed
Rotor Reference Frame:
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Fig (25) Electromagnetic Torque, Load Torque, Rotor Angular speed
Synchronous Reference Frame:
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Fig (26) Electromagnetic Torque, Load Torque, Rotor Angular speed

V. CONCLUSIONS

In this paper, various mathematical d-q models of both
squirrel cage and wound rotor induction motors in
different reference frames are presented. This paper
presents the d-q axes unified approach for both types of
induction motors. The applications of each model are also
discussed. Models either only with magnetisation current
space vector or air-gap flux space vector, or both includes
saturation effect in modeling of induction motor.
MATLAB/SIMULINK software was used to implement
the dynamic response of squirrel cage induction motor d-q
models in different reference frames and these models are
analyzed in terms of torque and rotor angular velocity.
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