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Abstract. Running converters causes harmonics in the electrical system, so it is critical to detect and
analyze the harmonics in the power signals. However, the various noises could heavily jeopardize the
accuracy of detection and analysis of harmonics in the subject. In this paper, wavelet denoising is
applied in the FFT harmonic analysis to reduce the negative effects of both power grid and
measurement noises. This method uses Stein’s unbiased risk estimation (SURE) to acquire threshold
and then soft-threshold the high frequency coefficients of the output signals of the converter, which
drives a three-phase asynchronous motor. After we reconstruct the wavelet coefficients, the
denoising-handled output signals of converter are processed with the FFT analysis in Matlab. The
results show that the wavelet denoising has a positive effect on the FFT analysis and the harmonics of
the output become more explicit with the increase of the motor speed.

Introduction

The high performance frequency converters have caused fundamental change in the field of
electric drive control around the world. This technology is a very combination of computer control,
intelligent control, optoelectronic technology, power electronics and even cooling technology.
However, with the wide use of power electronic devices in frequency converters, the accompanying
harmonic has a heavy influence on the quality of the power grid, which would pose a threat to the safe
and stable operation of the power grid. Therefore, it is important to detect and analyze the harmonics
of the output signals of the frequency converters and conclude the cause and changing laws of the
harmonics of the frequency converters. Meanwhile, there are kinds of noises existed in the signals
during the detection of harmonics. Adding signals denoising process in the harmonics analysis is a
necessary method to improve the accuracy of harmonics analysis in frequency output signals!!-1.

In this paper, a three-phase asynchronous motor driven by an AC-DC-AC Converter, which the
rectifier side is diode uncontrollable rectifier, is applied in the harmonics analysis. Firstly, we acquire
the output currents and voltages of the frequency converter at three different speed (500r/min,
800r/min and 1200r/min) of the three-phase asynchronous motor. Then, we use the wavelet denoising
method on the signals with noises and run FFT analysis on the denoised signals to get frequency,
amplitude of each harmonic. Both these two steps are accomplished on the Matlab software. The
results show that the adding wavelet denoising process before FFT analysis reduces the negative
influence on the accuracy of harmonics detection. Moreover, the fifth and seventh harmonics are the
main harmonics in the output voltage and current signals of the frequency converter, and with the
increase of the speed, the percentage of harmonics drops but still exists.

Principle of wavelet denoising

Wavelet denoising is a major application in the wavelet analysis. There are three main steps of
wavelet denoising process. The first one is wavelet multi-scale decomposition. Hence the output
current and voltage signals obtained by oscilloscope are a series of discrete data, this step is based on
the DWT (Discrete wavelet transform) (1):
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The f(¢) refers to the signal while the y, , is the suited wavelet basis function. After selecting the

specific wavelet basis function, we can get the coefficients of the next several levels by doing DWT
on the original signal. Fig.1 shows the three scales of decomposition of a signal, where the cAx (x=1,
2, 3) are the low-frequency coefficients of every level while the cDx (x=1, 2, 3) are the
high-frequency of every level in the decomposition 3,
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Fig. 1 Decomposition in three scales

The second step of wavelet denoising process is using the optimized threshold to handle the
high-frequency coefficients with soft-thresholding method at every decomposition level obtained in
step one method. Considering that the output current and voltage signals of frequency converter are
used for harmonic analysis, simply eliminating the high frequency part would loss the details of the
useful signals. The Stein’s unbiased risk estimation (SURE) threshold rule has the ability to extract
the weak signals in high frequency parts!®7, therefore, the soft-threshold calculation based on SURE
rule is the main content of this step. Firstly, calculate the noise intensity through equation (2):
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Where C! is coefficients in the level k while N is the decomposition levels. Then, the general
threshold 7, is calculated by (3):

I, =0N2InN 3)

Lastly, rank the square of coefficients at any level from small to large in W =[w,,w,,...,w,] and

get the estimation vector E =[e,,e,,...,e, ] through ® (4):
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SURE thresholds 7, are obtained by equation (5):
T, =ow, (5)

Where the w, is the corresponding b in the e, when we use the minimal value e, as our estimation.
Once we get the general thresholds and SURE thresholds, the final thresholds 7, are chosen by (6):
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In the above-mentioned formula, the 7=(S,—N)/N while the u= (log2 N )3/2 N'"? and the

N

S, = Hw.z . The final threshold 7, is the very threshold that we use to soft threshold the

1

coefficients in every decomposition level acquired in step onel® 19,

The third step of denoising process is based on the wavelet inverse transformation. The new
coefficients, which are handled in soft-thresholding in step two, are implemented with wavelet
reconstruction through the wavelet inverse transformation in order to get the denoised signals. A
noised sine wave is experienced with the proposed wavelet denoising method and the results are
shown in Fig.2.
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Fig. 2 Effect of the proposed wavelet denoising method
After this step, the denoised signals are planned for FFT to analyze the harmonics in the frequency
converters.

Harmonics analysis

In this paper, a three-phase asynchronous motor driven by an AC-DC-AC Converter is applied in
the experiment. In order to find out the harmonic and its changes in different converters’ working
status, we tested the output currents and voltages when the converter drove a three-phase
asynchronous motor under three conditions (500r/m, 800r/m and 12001r/m).

(1) Wavelet denoising process

Wavelet denoising process used the method produced in the 2nd section. After the converter
steadily drove the three-phase asynchronous motor, the current and voltage signals on phase A were
captured by an oscilloscope. For example, Fig.3 shows the output signals of phase A when the motor
was at 1200r/m speed, where the red line represents the current while the blue line refers to the output
voltage signal. From Fig.3 we can know that the voltage waveform is a series of square wave with
massive glitches and the inductive load made the output current approximate sine wave. The

waveforms at the speeds of 500r/m and 800r/m are omitted because they are similar to the 1200r/m
condition.
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Fig. 3 Output signals at 1200r/m speed
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Fig. 4(a) Coefficients of the wavelet decomposition

Fig. 4(b) Coefficients of the wavelet decomposition
After captured from the oscilloscope, the current and voltage signals were processed wavelet
decomposition through Matlab software. Considering that the sampling frequency of oscilloscope is

1 1
8000 9000 10000

213



£

ATLANTIS

PRESS Advances in Engineering Research, volume 163

SkHz, the signals were decomposed in 5 levels and the db10 wavelet function was used in the
transform. Fig.4(a) and Fig.4(b) show both the approximation and detail coefficients of the voltage
signal at 1200r/m condition after wavelet decomposition.

According to the SURE threshold selection rule and wavelet denoising method in the 2nd section,
the decomposed 5 levels’ coefficients were used to calculate the final threshold 7, and then threshold

the coefficients with 7, . Later, we reconstructed the signals with the new coefficients in order to

finish the denoising. Fig.5 demonstrates the outcomes of wavelet denoising, the noise has been
largely removed.
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Fig. 5 Results of denoising in voltage
(2) FFT analysis
The wavelet denoising process is just the first step to analyze the harmonics of the output signals of
the frequency converter. After processed the wavelet denoised process, the output current and voltage
would run fast Fourier transform to find out the exact categories and percentages of the harmonics
that affect the motor.
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Fig. 6 FFT analysis of the output voltage at 1200r/m speed

Fig.6. illustrates the harmonics of current and voltage of output at the speed of 1200r/m, which the
fundamental frequency is 40Hz. The results tell us that the voltage harmonics that generated by
frequency converter mostly concentrate in the 5th, 7th and above 17th harmonics while the harmonics
in current mainly exist in the 3rd,5th and 7th.

Table 1 gives the exact percentages of typical harmonics at three different speeds (500r/m, 800r/m
and 1200r/m) after we tested and running FFT analysis. From the table 1, we can figure out that the
low-order harmonics (especially the 5th, 7th harmonics) exist in the operation of frequency converter
when it drives three phase asynchronous motor. Furthermore, the harmonics rises with the increase of
the motor speed.
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Table 1 Percentages of typical harmonics at 3 kinds of speeds

5th 7th 9th 11th 13th 15th 17th 19th
500r/m 1.59% 1.28% 0.25% 0.07% 0.09% 0.10% 1.41% 0.93%
800r/m  2.21% 1.44% 0.33% 0.11% 0.06% 0.15% 1.98% 1.66%
1200r/m  2.40% 2.08% 0.42% 0.09% 0.10% 0.23% 2.03% 1.58%

Conclusions

In this paper, a wavelet denoising process is applied in the harmonics analysis of frequency
converters to remove the noises caused by power grid and measurement. The results show us that the
wavelet denoising method based on SURE threshold selection has a positive effect on the noises
removing and the denoised signals which are analyzed through FFT give us a better outcome of the
harmonics analysis. Today, with the massive operation in frequency converters, frequency converters
cause great impact in power grid while operating, we should have more effective ways of detecting
and analyze the harmonics.
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