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Abstract. The paper proposed a neural solution to the direct torque vector con-
trol of three phase induction motor including real-time trained recurrent neural
velocity controller and a hysteresis flux and torque controllers, which permitted
the speed up reaction to the variable load. The basic equations and elements of
the direct field oriented torque control scheme are given. The control scheme is
realized by one RNN learned by a real-time BP algorithm and three FFNNs
learned off-line by Levenberg-Marquardt algorithm with data taken from PI-
control scheme simulations. The graphical results of modelling shows a better
performance of the NN control system with respect to the PI controlled system
realizing the same general control scheme.

1. Introduction

The Neural Networks (NN) applications for identification and control of electrical
drives became very popular in last decade. In [1], a multilayer-perceptron-based-
neural-control is applied for a DC motor drive. In [2], a recurrent neural network is
applied for identification and adaptive control of a DC motor drive mechanical system.
In the last decade a great boost is made in the area of induction motor drive control.
The induction machine, particularly the cage type, is most commonly used in adjust-
able speed AC drive systems [3]. The control of AC machines is considerably more
complex than that of DC machines. The complexity arises because of the variable-
frequency power supply, AC signals processing, and complex dynamics of the AC
machine [3], [4]. In the vector or Field-Oriented Control (FOC) methods, an AC ma-
chine is controlled like a separately excited DC machine, where the active (torque) and
the reactive (field) current components are orthogonal and mutually decoupled so they
could be controlled independently, [3]-[6]. There exist two methods for PWM current
controlled inverter - direct and indirect vector control, [3]. This paper considered the
direct control method, where direct AC motor measurements are used for field orienta-
tion and control. There are several papers of NN application for AC motor drive direct
vector control. In [7] a Feedforward NN (FFNN) is used for vector PW modulation,
resulting in a faster response. In [8] an Artificial NN is used for fast estimation of the
angle used in a FOC system. Some basic principles of the direct torque control of IM
drives are given in [9]. The [10] applied NNs in the direct torque control of IM drive.
In [11], a FFNN is used for commutation table emulation in a direct torque control of
IM. In [12], the authors proposed to use a NN so to compensate the variations of the
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stator resistance, necessary for the FOC of flux in a direct torqu
e IM control scheme.

In [13] off-line trained FFNNs-are used to substitute the block
s of coordinate trans-

formation, vector flux computation, torque estimation, and commutations table
 realiza-

tion in a direct self-tuning IM control scheme. In [14] a FFNN-based estimator of the

feedback signals is used for induction motor drive direct FOC system. The paper [15]

proposed two NN-based methods (direct and indirect) for FOC of induction motors.

The results and particular solutions obtained in t
he referenced papers shows that the

application of NN offers a fast and improved alternative of the classical FOC schemes.

The present paper proposed a neural solution of a direct torque vecto
r control problem

that assures fast response and adaptation to a variable load.

2. Mathematical Models of the Three Phase Induction Motor

A Phase (a, b, c) Model: The Induction Motor (IM) equations, [5], [6], for stator and

rotor voltages in vector-matrix form are given as:

Vohcs =riohcs + pahe:ahct =r,iohcr + phaherr, =51,;r, = r,1,
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Done = (Ans And ) ideny = (2)

(1)

(2)

Where the variables are: voltage, current, and flux, stator and rotor, three dimensional

(a, b, c) vectors, with given up phase components; r, and r, are stator and rotor wind-

ing resistance diagonal matrices, with given up equal elements r, and r,, respectively; I3

is an identity matrix with dimension three, and p is a Laplacian differential ope
rator.

The vector-matrix block-form representation of the flux leakage is given
 by the equa-

tion:
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Where: the stator, rotor and mutual block-inductance (3x3) matrices are des
cribed in

[5], [6]. The relative leakage inductance depends on the winding turn stator/rotor ratio

n, and on the angular rotor position, respectively [5], [6]. Finally, the voltage equa
-

tions (1) could be expressed with respect to the stator in the (a, b, c) model form:

[er+pL pLi ak= 1V ar hr= (1/ )r
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