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Abstract— The most efficient control method for the induction
motor is present here, that is vector control method. This include
dynamic model of induction motor in any reference frame, vector
control by dynamic model and appropeate space vector pulse
width modulation generation. This result into high performance
of induction motor (IM) drive using space vector method (SVM).
Indirect field oriented control (IFOC) is produce high
performance in IM drive using decoupling the rotor flux and
torque producing current component of stator current. Batter
control can be obtained by PI controller and SVM method.

Index Terms— PWM inverter, modulation, gate pulse, MOSFET.

I. INTRODUCTION

AC induction motor is more popular in the industries because
of the robust construction, moment of inertia is low, ripple
torque is low and high torque. IM use widely in steel mills,
machine tools, sand paper mills etc. some method of the
control is used for drive in high performance applications [1].
In this paper concept related to decoupled rotor flux and
torque is given based upon the magnetizing current
component. This valid for only steady state condition. Appling
the PI controller and SVM method, decoupled control system
can use for perform in transient and steady state condition
both[2].

Space vector PWM method is most advantageous among all
PWM technique. Space vector PWM (SVM) method
advanced computation intensive PWM method [3]. For the
variable frequency drive PWM topology is best option
because of its excellent performance. SVM theory based on
rotating space vector optimizes the harmonics. It is somewhat
different than PWM topology, it consider inverter as a single
unit. PWM consider it as a separately.
Modulation accomplished by the switching period or state of
inverter. SVM is topology based on digital modulation. Its
aim is to produce PWM load line voltage.

Scalar control provides variation in control of magnitude. For
example; flux and torque control is obtained by controlling the
voltage and Slip/Frequency of the machine respectively.
Scalar-control drives have somewhat inferior performance.

II. VECTOR CONTROL OF INDUCTION MOTOR WITH FLUX

ESTIMATION.

If we want the vector type control of the induction motor then
the voltage or current model of the induction motor is
necessary. In that stator voltage or stator current use for
calculating estimated flux. Unit vector cos e and sin e for
necessary transformation[4].

In figure 1 that is block diagram of flux estimation by using
current model. Torque reference Te* is produced by the error
produced by proposed integral (PI) controller. Vds and Vqs

command voltage achieved by flux and torque control loop
using PI controllers. Equation for stationary frame is as below.

Control loop torque and output flux, for example torque and
flux PI controller are voltage component that control the Ids

and Iqs respectively. That adding decoupling voltage
components Vds(Decouple) and Vqs(Decouple) for achieve direct and
quadrature components of voltage that is Vds

* and Vqs
*.

Vqs = iqs Rs +                                                            (1)

The estimated flux is given as,

λds =    (2)

The slip speed is as below,

Wsl =                                                                             (3)

The estimated torque given as

Te(sest) = (λdsiqs – λqsids)                                                       (4)

Since ƛqr = 0, for decoupling control we have a torque equation 

as [5].

Te(sest) = λdsiqs                                                                                                      (5)
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Fig. 1 Schematic of Vector control of induction motor with Flux estimation

VQS(DECOUPLE) = -WRIQS (LS- (6)

Vqs(decouple) = Wr[ids(Ls- +λds ] (7)

Vds
* and Vqs

* after going through transformation are converting
to the α – β components that are, Vα and Vβ that fed as input
quantity to the space vector PWM control block for necessary
switching states of inverter related to the induction motor [6].

III. SPACE VECTOR MODULATION

Space vector modulation becomes a standard of switching
converter and important research effort. Variation slope of the
current is doubled when the phase voltage gets doubled. The
maximum value of phase current is herein denoted with IM.

During the time interval of [t3, t4] the output voltage vector is
V3. In the general case of three phases R-L load the current
space vector can be defined by analyzing each voltage
switching vector effect. Decomposing the current space vector
expression on the real and image axes helps us to demonstrate
that the current vector trajectory is a continuous function
during each time interval for which the voltage is constant.
Since the voltage space vector changes its position on discrete
positions at each 60 degrees, the current space vector
trajectory results close to hexagonal for large inductances [7].

Space vector PWM give input to the AC machine with
required phase voltages. SVPWM topology generating the
pulse signal fits the necessary requirement and harmonics.
Harmonic contents determine the copper losses of machine.
That taking into account the two constraints quoted above 8
possible switches commands. These 8 switch combinations
determine 8 phase voltage configurations. This 8 switch

Combination emphasis 8 phase of voltage. This can be easily
understood by below combination [8].

Fig. 2 Hexagonal structure including sectors

The vectors are dividing the whole plan into the six sectors.
On that sector that the voltage reference, any two adjacent
vectors are pick. Binary representation of that two basic
vector differ in only one bit, only one of the upper transistors
switch when switching pattern moves from any one vector to
adjacent one. Two vectors that are time weighted in sample
period T use for generate desired output voltage [9].

Three phase a-b-c voltages are converting into desired d-q
component for achieving reference vector Vref that’s
magnitude and angle are used for generating into sector. 8
space vector include 6 active vectors (V1 to V6) and two zero
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vectors (V0 and V7). Active vectors feed the voltage to
induction motor where zero vectors feed zero voltage to the
load [10].
To finding the value of Vd, Vq, Vref, and angle (α) below
equation are used [11].

= (8)

= (9)

Switching time duration for any sector is given as [12].

T1 = (11)

T2 = (12)

T0 = (TZ – (T1 + T2)) and n = 1 to 6, (sector 1 to 6)           (13)

III. SIMULATION USING MATLAB

IV. RESULTS AND ANALYSIS
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Fig. 3 Result of speed and torque without load torque

The simulation of a SVPWM based induction motor drive
with flux estimation is done. PI speed and flux estimation is
obtained from above simulation. Steady state performance is
above result shows the time period of speed is decrease about
0.2 sec. The initial overshoot of the speed during settling time
is nearly about 15% of rated speed.
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f = α  = tan
-1

= ωt = 2πft                                                    (10)

where f = fundamental frequency.

International Journal of Engineering Research & Technology (IJERT)

Vol. 3 Issue 8, August - 2014

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS080623

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

527



1.8 2 2.2 2.4 2.6 2.8 3 3.2

76

78

80

82

84

S
p

e
e
d

1.8 2 2.2 2.4 2.6 2.8 3 3.2

-20
0

20

40
60

T
o

r
q

u
e

Fig. 4 Result of speed and torque with load torque Tl = 38 NM

Result above clearly describes that dynamic load rejection
capability on the drive. The load torques applied at the 2 sec.
which result in a drop of small speed while maintain nearly
constant speed when load torque is relished at 3 sec. The
resulting torque disturbance peak also observed. The speed
suffers with a small droop at load application and instant
overshoot at load removal to regain the speed reference.
Torque pulsation can be seen considerably decrees even under
disturbing load condition.

V. CONCLUSION

Space vector based induction motor drive give good steady
state and also dynamic response with the quick settling of
speed and capability related to load disturbance rejection.
Close loop flux estimation give enhanced dynamic behavior
because of PI speed and flux controller. Dynamic load
application and removal give result in peak speed fall and rise.
This gives vector controlled drive that can be used in high
performance applications.

REFERENCES

[1] State of the Art of Induction Motor Control. Joachim  Böcker,
Member, IEEE, Shashidhar Mathapati University Paderborn,
Warburger Str. 100D-33098 Paderborn, Germany.

[2] Mathematical Model of Asynchronous Machine in MATLAB
Simulink A. Ansari et. al. / D M Deshpande / International
Journal of Engineering Science and Technology Vol. 2(5),
2010, 1260-1267.

[3]  D,Q Reference Frames for the Simulation of Induction Motors
R. J. LEE, P. PILLAY and R. G. HARLEY Department of
Electrical Engineering, University of Natal, King George V
Avenue, Durban 4001 (South Africa) Electric Power Systems
Research, 8 (1984/85) 15 -26.

[4] Dynamic Model Of Induction Motors For Vector Control. Dal
Y. Ohm Drivetech, Inc., Blacksburg, Virginia.

[5]  Simulation and Analysis of SVPWM Based 2-Leveland 3-
Level Inverters for Direct Torque of Induction Motor M.
Lakshmi Swarupa, G. Tulasi Ram Das and P.V. Raj Gopal
International Journal of Electronic Engineering Research ISSN
0975 - 6450 Volume 1 Number 3 (2009) pp. 169–184.

[6] Rotor Time Constant Updating Scheme for a Rotor Flux-
Oriented Induction Motor Drive.Hamid A. Toliyat, Senior
Member, IEEE, Mohammed S. Arefeen, Senior Member, IEEE,
Khwaja M. Rahman, Member, IEEE, and David Figoli, Ieee
Transactions on Power Electronics, VOL. 14, NO. 5, September
1999.

[7] Generalised simulation and experimental implementation of
Space Vector PWM technique of  a three-phase voltage source
inverter. Atif Iqbal, Sk Moin Ahmed, Mohammad Arif Khan,
Haitham Abu-Rub. International Journal of Engineering,
Science and Technology, Vol.2, No.1, 2010, pp. 1-12.

[8] Indirect Field Oriented Control for Induction Motor Drive using
Space Vector Modulation Technique. Rutuja S. Hiware and J.G.
Chaudhari. International Journal of Electrical and Computer
Engineering.ISSN 0974-2190 Volume 3, Number 1 (2011), pp.
47-56

[9] SVPWM Variable Structure Control of Induction Motor
Drives.P. Alkorta , O. Barambones, A. J. Garrido and I.
Garrido. 1-4244-0755-9/07/$20.00 '2007 IEEE.

[10] Robust Controller Design for Speed Control of an Indirect
Field Oriented Induction Machine Drive .A. MILOUDI*, A.
DRAOU** Leonardo Electronic Journal of Practices and
Technologies ISSN 1583-1078 Issue 6, January-June 2005 p. 1-
16

[11] Robust Space–Vector Current control for Induction Motor
Drives.Elwy E. Elkholy, Ralph Kennel,  Abdo El-refaei, Sabry
Abd El-Latif, Farok Elkady, Journal of Electrical Engineering,
VOL. 57, NO. 2, 2006, 61–68.

[12] Flux and Speed estimation of decoupled Induction Motor.
P.Prabhavathi, P.Devendra, Ch.Anand Babu, International
Journal of Applied Research in Mechanical Engineering, Vol-1,
Issue-1, 2011.

International Journal of Engineering Research & Technology (IJERT)

Vol. 3 Issue 8, August - 2014

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS080623

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

528


