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Abstract

Estimating the power distribution over a given frequency range and the total harmonic distortion of the line currents of the AZSPWM
based induction motor drive is discussed in this paper. Applying a spectrum analysis on the motor line currents and inspecting the spec-
trum amplitudes at different switching frequencies for abnormality is a well-known procedure for acoustic noise detection and diagnosis.
Among the spectrum analysis techniques for acoustic noise detection, the Fast Fourier Transform (FFT) is the most widely used tech-
nique. There are other spectrum techniques, which are based on the power spectral density (PSD) estimates. AZSPWM based DTC of
induction motor currents are estimated for the power spectral densities. The harmonic spectra and the power spectral density estimates of
all AZSPWM family are validated through the MATLAB/ simulink environment.
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1. Introduction

With the increment of the usage of the fast switching semiconduc-
tor devices like IGBT, result in the form of unexpected problems
like bearing currents and acoustic noise increment etc.,[1]. Many
techniques were presented in [2-4] for the reduction of bearing
current acoustic noise and various active filters. But these were
resulted in increasing the size and cost of the system. The Conven-
tional DTC is affected with the large amount of ripple in motor
current, flux and torque of the induction motor [5-7]. To reduce
these affects a space vector PWM technique has been proposed
but again it is resulted in the increment of the common mode volt-
age (CMV) [8-9]. Further Active Zero State PWM (AZSPWM)
techniques are proposed for the compensation of the CMV [10].
These CMV leads to different problems in the induction motor
drives. These effects are analyzed by using the power spectra and
harmonic spectra of the current waveform.

In this paper, three AZSPWM sequences [11-12] 6213, 2215 and
3216 are used for the analysis of the power spectra and harmonic
spectra of the DTC of the induction motor drive. In power spectra
analysis the magnitudes of the power accumulated at different
frequencies and in the harmonic spectra the side band magnitudes
at different switching frequencies are considered for the analysis.

2. AZSPWM Sequences

In this approach, different AZPWM sequences [11-12] are consid-
ered in which the actual times are calculated using imaginary
switching times concept, hence the complexity involved in
SVPWM can be eliminated. From Table-l in sector-1, consider
AZPWM1, AZPWM3 sequence, two active opposite voltage vec-
torsV3 - V6 are used with the two adjacent voltage vectorsV1- V2

to compose the reference voltage vector. Similarly in case of AZ-
PWM2 two active opposite voltage vectorsV2 - V5 are used with
the two adjacent voltage vectors V1 - V2 to compose the reference
voltage vector. From the table it can be observed that in sector-I,
AZPWM1 method involves 600 jump in the output voltage vec-
tors during commutation from adjacent active voltage vectors (V1,
V2) to the active opposite voltage vectors (V3.V6), whereas AZ-
PWM3 method involves 1200 jumps in the output voltage vectors
during commutation from adjacent active vectors to the active
opposite voltage vectorsV3 and V6 acting as zero vectors. With
the usage of active voltage vectors CMV changes which result in
the power and harmonic spectra of the drive.

3. DTC of Induction Motor Drive

The block diagram of AZSPWM based DTC is shown in Fig.1.
As in the conventional DTC drive the reference angle and magni-
tude of the flux linkage value are derived from the values of d-axis
and g-axis stator fluxes are compared with actual values of fluxes
which are obtained from adaptive motor model and an error in
flux is obtained which when divided by the sampling Time period
gives a reference voltage vector used for direct control of torque
and flux. The errors are given as follows:

Adds = /ﬂtds* —Ads 1)

Adgs = A —
ang 2105 = Aas ~Aas @)

The reference voltage vectors can be obtained as follows
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Fig. 1: Block diagram of AZSPWM based DTC of IM drive.
Table I: Switching sequences of PWM algorithms
PWM
METHOD S-l S-ll S-il S-1IvV S-vV S-VI
AZPWM3 6213-3126 4231-1324 2435-5342 6453-3546 4651-1564 2615-5162
AZPWM2 2215-5122 6233-3326 4431-1344 2455-5542 6653-3566 4611-1164
AZPWM1 3216-6123 1234-4321 5432-2345 3456-6543 1654-561 5612-2165

These Vds and Vgs are further fed to the PWM generation block
to generate the individual phase switching pulses. At first these
Vds and Vgs are converted in to Vas, Vbs and Vcs larter from
these instantaneous references the individual phase switching
pulses are obtained. These individual phase switching pulses are
then fed to the inverter which drives motor.

4. Results and discussion

The parameters of the given induction motor are as follows:
Rs=1.57ohm, R,=1.21ohm, L,= 0.165H, L= 0.17H, L= 0.17 H
and J= 0.089 Kg - m% To validate the proposed PWM algorithms,
numerical simulation studies have been carried out by using
Matlab /Simulink. For the simulation, the reference flux is taken
as 1wb and starting torque is limited to 45 N-m. For the simulation
studies, a 3-phase, 400V, 4 kW, 4-pole, 50 Hz, 1470 rpm induc-
tion motor has considered. The performance of the induction
motor drive with three different sequences of the AZSPWM is
shown in Fig.2 to 11. In the Fig.2 to 4 the current ripple for the
three sequences are shown. These ripple are obtained during the
steady state operation of the drive. For the sequence 6213 the
current ripple is having the magnitude about +1A, but the varia-
tion in the current ripple is less than +0.8A for the sequence 2215
and it is quite less for the sequence 3216. Also from the results it
is observed that ripple in the current waveform for the sequence
6213 is low.
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Fig. 2: Motor line current ripple for AZSPWM 6213 sequence
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Fig. 3: Motor line current ripple for AZSPWM 2215 sequence
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Fig. 4: Motor line current ripple for AZSPWM 3216 sequence
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Fig.6: Motor line current Power spectra for AZSPWM 2215 sequence
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Fig.7: Motor line current Power spectra for AZSPWM 3216 sequence
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Fig.8: Total Harmonic spectra of the three AZSPWM sequences.
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Fig.9. Harmonic spectra of the three AZSPWM methods with switching

frequency 3 kHz
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Fig.10: Harmonic spectra of the three AZSPWM methods with switching

frequency 5 kHz
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Fig.11: Harmonic spectra of the three AZSPWM methods with switching
frequency 6 kHz

The power spectral density for three sequences is shown in fig. 5
to 6. The magnitudes of the power accumulated at the switching
frequency 0.1kHz is positive but in 6213 sequence this values is
less than +10 dB/Hz. Where as in other two sequences the magni-
tudes are more than +10 dB/Hz. Also it can seen that the remain-
ing peaks at different switching frequencies are quite high when
compare with the 6213 sequence.

The total harmonic distortion of the motor line currents for the
three sequences is shown in Fig.8. The THD is plotted for the
three sequences from 0 Hz to 10000 Hz switching operations. The
magnitudes of the harmonic content at different frequencies are
shown. It is observed that the magnitudes of the harmonics are
very less comparatively from the fundamental component. Later,
at the inverter switching frequency that is around 6 kHz the mag-
nitudes of the harmonic component is considerably high.

Further, to analyze the harmonic magnitudes at different frequen-
cies the harmonic spectra of the motor line currents of three
switching sequences is shown in Fig.9 to 11. In fig.9 the harmonic
spectra of the line currents at 3kHz switching frequency is depict-
ed. The top trace shows the harmonic spectra of the line current of
the induction motor for the sequence 6213, middle trace shows the
harmonic spectra of the line current of the induction motor for the
sequence 2215 and bottom trace shows the harmonic spectra of the
line current of the induction motor for the sequence 3216 respec-
tively. The magnitude of the harmonic at 3kHz is considerably
low in the sequences 2215 and 3216. But with the switching fre-
quency of 5kHz the magnitudes are almost zero for the sequences
2215 and 3216, but it is quite high in case of 6213. In Fig. 11 the
harmonic spectra of the line current of the induction motor is de-
picted for 6 kHz switching operation. At this switching operation
the magnitude is quite low in all the sequences and it is noticed
that the side bands of the frequency( fs+1) for the 6213 sequence
is quite high.

5. Conclusion

In this paper, AZSPWM based DTC of induction motor drive is
presented. The three sequences of the AZSPWM algorithm are
analyzed with PSD and THD of the motor line currents with dif-
ferent frequencies. The power spectra of the motor line currents
for the sequences 2215 and 3216 is considerably high. But the
harmonic spectra of the 6213 sequence shows low In harmonic
spectra of the motor line currents the magnitude of the harmonics
at the switching frequency is considerably high in case of 6213
sequence. But the remaining two sequences shows as low magni-
tude at the same switching frequency. All the three sequences are
showing same effectiveness on the induction motor drive applica-
tion. To analyze further these sequence results are to be compared
with the conventional SVPWM and hybrid PWM algorithms.
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