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ABSTRACT

This paper deals with Direct Torque Control(DTC) of Permanent Magnet Synchronous Motors(PMSM's)
with using artificial neural networks. PMSM's are increasing application areas such as traction, electric
and hybrid vehicles, aerospace and servo systems due to its well-known advantages such as high power
density, lower mass and volume . This paper investigates solution for the chronically and the biggest
problem of the DTC scheme on the PMSMs: high torque ripple. Otherwise, another main problem faced in
the DTC scheme is difficulties due to complex algorithm to get high performance control of motors for
industrial applications. For this purpose, two different artificial neural networks have been suggested
replacing the optimal switching vector selection and flux sector determination process of conventional
direct torque control scheme. Matlab/Simulink based numerical simulations have been carried out to
compare the PMSM performances with conventional control scheme and proposed artificial neural
network based scheme.
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1. INTRODUCTION

Today vector controlled drives which named as FOC(field oriented control) and DTC are an
industrial reality and are available on the market by many producers. In 1971, FOC first
introduced for induction motors by Blasckhe[1] and it was completely unique for induction
motors and in middle of 1980‘s, DTC has been proposed for induction motors by Takahashi [2]
and similar idea that the name of Direct Self Control devoloped by Depenbrock [3]. Actually, the
FOC and the DTC have rely on the same idea: vector control. Both of two schemes converts
motors three phase components to two orthogonal vector components. So, it can be control like
dc motors. controls motors by vectors but different methods. Unlike the FOC, the DTC does not
require park transformation and any current regulator. Naturally, the DTC has also some
disadvantages such as high current and torque ripples, variable switching frequency behaviour[4].
Many academically studies have been realized to avoid the DTC disadvantages and of course
many of them still going on. We can group these studies under several headlines: The studies
about different switching techniques and inverter topologies [5-6], the studies about artificial
intelligence techniquies on different sections of system [7-8] and the studies about different
observer models [9-10].

Although, the FOC and the DTC were proposed for induction motor, the both of them
investigated and applied many other motor types such as brushless dc motors, switching
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reluctance motor and permanent magnet synchronous motors. PMSM's are increasing application
areas such as traction, electric and hybrid vehicles, aerospace and servo systems due to its well
known advantages like high power density, high efficiency, lightweight, small inertia, small
volume, etc[11].

In this paper, we have presented a new artificial neural network DTC (ANN-DTC) scheme for the
PMSMs to improve motor torque performance. For this purpose, two different artificial neural
networks (ANNs) are educated and embedded to conventional DTC scheme. More detailed
information about ANNs based scheme is presented in the following sections of the paper. The
numerical simulations have been carried out with Mablab/Simulink software and the results of the
methods are discussed and compared with the conventional DTC (C-DTC).

1.DTC STRUCTURE

In the DTC motor drive, the stator flux linkage and the electromagnetic torque can be directly
controlled by the selection of optimum inverter switching states. The flux and torque errors are
kept within acceptable limits by hysteresis controllers. The DTC allows for very fast torque
responses, and flexible control of the induction motor[12]

The block diagram of DTC controlled motor is given in    Fig. 1.

Figure 1. DTC controlled motor block diagram

Instantaneous values of the flux and torque are calculated by using the transformation of the
measured currents and the voltages of the motor. The stationary reference frame (Clarke
transformation) is used in the transformation. The Clarke transformation of the motor currents
and voltages are shown as in Eq. 6-8.

(6)

[ ] abcVTV .0 = (7)

[ ] abciTi .0 =
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Where, abci and abcV are measured in three phase currents and voltages, 0i
and 0V

are
calculated in two phase currents and voltages. T is the transformation matrix. The stator flux is
calculated as given in Eq.9-11 in an α-β reference frame.

dtiRV s∫ −= )(  (9)

dtiRV s∫ −= )(  (10)

22
  += (11)

Where,  -  stator flux, i - 
i

stator current, V - V stator voltage α-β components, sR stator
resistance. Motor torque calculations are as given in Eq.12.

( )  iipTe −=
2

3
(12)

Where, p is the motor pole pairs. The stator flux vector region is an important parameter for the
DTC, and it can be calculated as given in Eq.13.

)(tan 1




 


 −= (13)

The torque and flux errors, which are obtained by comparing the reference and observed values,
are converted to control signals by hysteresis comparators. The switching table is used to
determine the optimum switching inverter states, and it determines the states by using the
hysteresis comparators outputs and the flux region data.

Switching states determining block creates inverter switching states and it has two input data as
hysterezis comparator outputs and stator flux vector sector. Inverter switching states and stator
flux vector sectors are defined as Fig. 2.

Figure 2. Inverter voltage vectors and sectors
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1.ARTIFICIAL NEURAL NETWORK BASED DTC

ANNs have gaining interest ever past day in many fields including motion control, system
modeling, parameter estimation and have been used modelling of non-linear systems in many
kind of applications due to their unique abilities like processing of data at all network, learning
ability and working with incomplete data etc. ANN-DTC scheme that we have proposed, has two
different feed forward ANNs to select switching states and determine stator flux sector.

It must be pointed out that there is no certain rules about deciding and creating ANNs structure
and system designers must be use trial and error method to decide optimum ANNs for their
systems as we do. As a structure, both of proposed ANNs have a hidden layer with six neurons
which decide by off-line training have been chosen. Stator flux sector determining ANN uses as
input the ‘d-axis stator flux’ and ‘q-axis stator flux’. Three layers of neuron are used as shown in
Fig. 3.

The second ANN  is for the selection of inverter switching states as given in Fig.4, which is based
on three inputs that flux and torque hysteresis comparators outputs and flux sector data which
taken from the sector determining ANN output. Using of ANNs in proposed DTC scheme are
given in Fig. 5.

Figure 5. Proposed ANN based DTC scheme

1.NUMERICAL SIMULATIONS

Numerical simulations have been carried out to investigate the effects the proposed ANN based
DTC scheme. Its devoloped using Matlab/Simulink. The results of numerical simulation
studies obtained in this work are for the PMSM and parameters of motor and simulations as given
below. The machine model is implemented for C-DTC scheme and proposed ANN-DTC scheme
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using Matlab/Simulink. To compare performances with C-DTC and proposed ANN-DTC for
PMSM rated speed applied to the motor under no load and then switch to loaded (10-Nm)
condition at 0,5. sec. The parameters of the PMSM and simulations, in SI units: U=300 V,
T=10Nm, n= 2300 rpm, Rs =0.4578 Ω, Sampling Time=100µs.

Figure 6. C-DTC speed response

Figure 7. ANN-DTC speed response

Figure 8. C-DTC torque response
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Figure 9. ANN-DTC torque response

Fig. 6 and Fig. 7 shows speed responses of the motor with the C-DTC and the ANN-DTC
working conditions. It can be seen that the ANN-DTC controlled motor speed ripples are lesser
with loaded and unloaded conditions when compared the C-DTC controlled one. The torque
responses of the C-DTC and the ANN-DTC controlled motors are shown in Fig. 9 and Fig. 10. It
can be seen that the motor ripple in torque response is reduced with ANN-DTC for loaded and
unloaded conditions.

CONCLUSION

This paper presents ANN based control structure on the DTC scheme for PMSM drives to find
solution for high torque ripple  that is the chronically and the biggest problem of the DTC
scheme. The secondary aim of this paper is to simplify the control structure by using ANNs
learning abilities and to investigate the affects of this structure on torque performance of motor.
For these aims, two different ANNs have been designed for flux sector determining and the
switching voltage vector selection on the DTC scheme and this new scheme investigated for the
PMSM motor drive. The proposed ANN-DTC scheme performance is compared with the
conventional DTC scheme at rated speed and different load conditions. The ANN-DTC scheme
performance has been tested by numerical simulations. The ANN-DTC technique which is shown
as dynamic responses are the faster in transient state and the torque ripple in steady state are
reduced remarkably when compared with the conventional DTC for loaded and unloaded
conditions. Besides, complex mathematical structure of C-DTC has been simplified with learning
abilities of ANN’s. The simulation results support that the proposed ANN based DTC scheme is a
good alternative to the conventional DTC controlled PMSM drives.
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