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Abstract

Indirect Field Oriented Control (IFOC) is known to produce high performance
in induction Motor (IM) drives by decoupling rotor flux and torque producing
current components of stator current. The decoupling control between the
rotor flux and the torque is no longer achieved in terms of stator current
components this paper introduces a decoupled rotor flux and torque control
based on the magnetizing current components by incorporating PI control
system and using space vector modulation (SVM) technique. It is able to
perform high performance control in IM drives using SVM technique. In order
to perform the control strategy, the rotor flux and magnetizing current
estimator is proposed. A good performance is obtained By means of PI
controller and SVM technique, and the rotor flux and the magnetizing current
are obtained properly by the proposed observer.

Keywords. Induction machine, Vector control method, SVPWM, PI-
Controller, Field Oriented Control, Indirect Field oriented control.

Introduction

Induction machines are largely used in industrial plants and are adequate for almost
any kind of environment. Their popularity is due to their high efficiency, reliability,
low maintenance. Since the development of the vector control techniques, induction
machines based drives became able to deliver the same performance as the traditional
direct current machine drives in applications that require torque or speed control. The
vector control of ac drives has been widely used in high performance control system.
Indirect field oriented control (IFOC) is one of the most effective vector control of
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induction motor due to the simplicity of designing and construction. In order to obtain
the high performance of torque and speed of an IM drive, the rotor flux and torque
generating current components of stator current must be decoupled suitably respective
to the rotor flux vector like separately excited dc motor.

This paper develops a decoupled rotor flux and torque control based on the
magnetizing current components. However, this developed control system is valid
only for steady state condition. By incorporating PI control system and using space
vector modulation technique, the decoupled control system is used to perform in both
transient and steady state conditions.

The space-vector PWM method is an advanced method and is possibly the best
among all the PWM technique. With a machine load, the load neutral is normally
isolated, which causes interaction among the phases. The SVM method considers
interaction of the phases and optimizes the harmonic content of three-phase isolated
neutral load. The space-vector PWM (SVM) method is an advanced, computation-
intensive PWM method. It is possibly the best among all the PWM techniques for the
variable-frequency drive application. It has been finding widespread application
because of its superior performance. This method is best explained by considering the
three-phase inverter. It gives best PWM performance. It also considered the SVM
theory (the concept of rotating space vector). SVM method optimizes the harmonic
content. It is slightly differ than PWM as it treated inverter as a single unit but PWM
treated it separately. Modulation is accomplished by switching the state of inverter.
SVM is a digital modulating technique where the objective is to generate PWM load
line voltages.

In order to perform IFOC of IM drives using SVM it is necessary to measure
primary angular frequency, the stator voltages, the stator currents, the magnetizing
currents, the rotor fluxes and the rotor speed. However, among those the rotor fluxes
and magnetizing currents are difficult to measure. The design of the observer is based
on the solution of simultaneous Lyapunov equations. The validity of IFOC using
SVM and the proposed observer scheme are verified by simulation.

Mathematical M odel of induction motor

During start-up and other severe transient operations induction motor draws large
currents, produces voltage dips, oscillatory torques and can even generate harmonics
in the power systems. In order to investigate such problems, the d, q axis model has
been found to be reliable and accurate. The equivalent circuit of q and d axes in
general reference frame as shown in fig (1). Considering balanced voltage supply and
a balanced symmetric machine.

In the d-q axis equivalent circuit of field oriented control induction motor
considering core loss due to eddy current, a resistance Rc is connected in parallel
across the internal induced voltage branch. The d-q axis equivalent circuit of
induction motor in a synchronously rotating reference frame is shown in Fig.1
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Figure 1. d-q axis equivalent circuit of induction motor in a synchronously rotating
reference frame
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The voltage equations used for the modeling purpose are as follows:
Vgs = Rs igs + oAds + pAgs
Vds = Rs ids — wAgs + pAds
V’qr=R’ri’qr + (w-or) A’dr +pA’qr
V’dr =R’r ’dr — (w-or) A’dr +pA’dr

Where p = (d/dt)
& Ags = Lsigs + Lmi’qr
Ads = Lsids + Lmi’dr
A’qr =L’ri’qr + Lmigs
A’dr = L’ri’dr + Lmids

Pl Controller Design-

The control of torque and flux can be established in steady state condition by using. PI
controllers are dynamic controllers, very useful in practice and superior to static
controllers, since they offer great simplicity and flexibility in satisfying the closed-
loop system’s specifications.

The torque control can be achieved from speed error, since the developed
electromagnetic torque affects the speed dynamic. Applying PI controller into the
error signal between

Reference and measured or calculated speed and flux, it is possible to find out the
desired magnetizing component imd*and imq*. Therefore, the equations for PI
controller can be written as follows:

1*md={KpoT(Kia/5) } (D2g-D24g) (1)
1*mg= {KpoT(Kie/$) } (Om™*-0m) (2)
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The required inputs, stator voltages and primary angular frequency can be
calculated from the outputs imd*and imq* of PI controller by using equations,

11a*=1ma*—(Lm/Re) Oelmg* 3)
i19™= (Le/L2)img*+(Lm/Re) Ocima™* (4)
v¥14= (R1TR)11¢*-Reimg*-weLiiiq* (5)
v 1=(Ri+R)11¢*-(ReL/Lo)img *+oeLii1a* (6)

For speed control, it is needed to modify KPw and Klw constants

Field Oriented Control

The Field Orientated Control (FOC) [1][3] consists of controlling the stator currents
represented by a vector. This control is based on projections which transform a three
phase time and speed dependent system into a two co-ordinate (d and q co-ordinates)
time invariant system. These projections lead to a structure similar to that of a DC
machine control. Field orientated controlled machines need two constants as input
references: the torque component (aligned with the q co-ordinate) and the flux
component (aligned with d co-ordinate). As Field Orientated Control is simply based
on projections the control structure handles instantaneous electrical quantities. This
makes the control accurate in every working operation (steady state and transient) and
independent of the limited bandwidth mathematical model.

Indirect Field Oriented Control-

Field-Oriented control is the most popular method of obtaining improved or high
performance in an induction motor drive. There are two basic categories of field-
oriented control: the direct and the indirect method. The main difference between
them is that the direct method accomplishes commutation with electrical or magnetic
feedback from the motor while the indirect method accomplishes commutation with
velocity feedback from the motor and a feed forward slip command. Both schemes
typically utilize some type of stator current regulation. The indirect field-orientation
method utilizes the motor velocity feedback and a feed forward slip command to
provide the instantaneous commutation. The velocity signal is generally a cleaner
control signal than the voltage from a PWM inverter; thus, control is inherently more
robust with the indirect method. The significant difference between this method and
others is that the developed motor model and outputs are based on the fundamental
operating condition of the motor and not some unrelated signals. In other words, it is
based on fundamental component terminal voltages and currents of the motor.
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Figure 2: IFOC for different operating conditions.

Space Vector Modulation Techniquein PWM inverter

SVM technique is more preferable scheme for PWM voltage source inverter since it
gives a large linear control range, less harmonic distortion and fast transient response.
The SVM units in Fig. 2 produces inverter control signal. It receives the reference
voltages v*1d and v*1q in a synchronously rotating reference frame. These voltages
are converted into a stator reference frame such as v*1a and v*13.The SVM principle
is based on the switching between two adjacent active vectors and a zero vectors
during one switching period. The six active-states are forming a regular hexagon and
dividing it into six equal sectors denoted as I, ILIIL, IV, V, VI shown in Fig3..

The inverter control is simple and switching loss is low because there are only six
switching per cycle of fundamental frequency. Unfortunately, the lower order
harmonics of the six-step voltage wave cause large distortions of current wave. So
SVPWM technique is used. The SVPWM technique used to control the output voltage
of inverter as well as optimize the harmonics. To understand SVM theory, the concept
of rotating space vector is very important. For example, if three-phase sinusoidal and
balanced voltages given by equations

Va=Vmcoswt (7)
Vb = Vm cos (wt - 2I1/3) (8)
V¢ =Vm cos (wt +2I1/3) 9)

are applied to three-phase induction machine using equation V = (2/3) [Vas + aVbs +
a’ Ves] where a = ¢“ " and a?= ¢ @™V it can be shown that the space vector with V
magnitude Vm rotates in circular orbit at angular velocity o.
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Figure 3: Three —phase inverter.

A three-phase bridge inverter, as shown in fig.3 has 8 permissible switching
states. Table 2 gives summery of the switching states and corresponding voltages.
Consider, for example, state 1 when switches T1, T6 and T2 are closed. In this state,
phase a is connected to positive bus and phase b and c are connected to the negative
bus. The inverter has six active states (1-6) when voltage is impressed across the load,
and two zero states (0 and 7) when machine terminals are shorted through the lower
or upper devices respectively.

Table 1. Summary of the switching state

Switching Line to neutral . .
Voltage vectors voltage Line to line voltage
vectors AlB|c|V, v, | v, Vi V,. |V,
Vy 0|00 0 0 0 0 0 0
Vi 1|0 |0]| 23 | -1/3 | -13 1 0 -1
V, 1|1 ]0] 13 3 | 23| 0 1 -1
V; 0|1 0] <13 | 23 | 13| -1 1 0
vV, 0|1 | 1] 23] 13 13 | -1 0 1
V. 0|0 | 1] 173 ] 13 2/3 0 -1 1
Vs 1|0 |1 ]| u3 | -23 1/3 1 -1 0
V. 1|1 |1 0 0 0 0 0 0
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Figure 4: Representation of a inverter states in reference frame.

Simulation Results
|FOC Results
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Conclusion
This paper has presented the IFOC of IM drives using SVM technique. An observer
for estimating the rotor flux and the magnetizing current in a synchronously rotating
reference frame The verification of the proposed control is performed by simulation
results. The dynamical requirement of IFOC is achieved by applying PI controller in
transient and steady state conditions. [IFOC Scheme results are achieved in MATLAB
simulink. And the simulation results of IFOC are shown as stator current, rotor speed,
electromagnetic torque and dc voltage. There are four different types of simulation
results showing different condition of load and speed operation. Firstly we obtained
the no load condition and then in reversal of speed and step rise in load.

Finally we can conclude that the speed is improved by loading and torque is also
improved in starting and running conditions.
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