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ABSTRACT:

By using the Wavelet decomposition in time domain and by the measur ements of the
stator current one can determine the speed of induction machines. The use of the
Wavelet decomposition can eliminate some disadvantages, which are brought in
calculations using STFT. It has produced results in shorter time for the same
accuracy.

1. INTRODUCTION

The sensorless speed measurements provide thecoawgnient way of controlling
speed and therefore using it in one of control washfor induction machines, such as the
field oriented torque control or vector control &gg in real time control.

There are used, commonly, several methods foosless speed control among which is
the most frequent short time Fourier transformat{8AFT) [1]. The STFT has several
disadvantages. The main being: if one needs highracy then there is a big calculation
time delay, another is: if one wants short timeagehen it is low accurate method. To
overcome those problems it has been suggestedfike Barametric spectrum estimation
method, like Steiglitz-McBride and MUSIC [2]. Thossethods are rather complicated to
apply and they are associated with large numbealctilations.

The Wavelet decomposition offers the possibilitydecomposition of the stator current
on several detailed levels in time domain. Detailedel with lower index shows the
components at higher frequencies, and vice vergarBappropriate type of Wavelet and
number of levels of decomposition it is possiblestdect very accurately the rotor slot
harmonic of current, and therefore determine theedpof the motor. This method can be
applied in very short time delay (1 cycle). Whers thnalysis is used it is desirable not to
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have in the vicinity of the rotor slot harmonicsgarding frequency domain, other dominant
harmonics. This simplifies analysis significantly.

2. CALCULATION OF THE SPEED OF INDUCTION MOTOR

For the purpose of control of the induction maehane can determine the speed by
using stator current measurements. The method ocanapplied by calculating
decomposition of the stator current and from thexcudating the speed of the rotor [3].
Rotor slot and saliency harmonics, which result tueotor slotting and rotor eccentricity,
enable an accurate way for determining rotor spéed he frequency of these harmonics is
related to the rotor speed by (1):

fon = [(kRmd)l;psmwj ] W

wheref; is the supply frequenck=0,1,2,...,R number of rotor slotg)y =0, *1, +2,.. is

order of rotor eccentricitys per unit slip,p number of pair of poles, ang,= 1, £2, .. is
the stator MMF harmonics order.

The calculation is done using the algorithm showrkig.1.

The stator's current is recorded by an AD conveffe obtain better accuracy it is
required rather high frequency of sampling whicbydinear interpolation downsampled to
1024*;. Such signal is exposed to Wavelet decompositiotime domain. The most
frequently it is used db5 Wavelet where decompamsits done in five or more levels. For
the purpose of Wavelet decomposition it is enouglhdave the analysis of the signal in
duration of only one period of supply voltage, wigathe major advantage of this method
when compared to STFT which requires, at least,eBogd of signal in steady state.
Regarding this feature the Wavelet decompositionbsaused in the analysis of transitions.

The key factor in the analysis is the localizatadrthe rotor slot harmonics in detailed
levels, which are result of Wavelet decompositibo.achieve this without using additional
analysis and filters it is desirable not to havethia vicinity of rotor slot harmonics, in
frequency domain, other dominant harmonics. In ¢hise the analysis results only in rotor
slot harmonics in one of detail levels. The frequyeaf this harmonic is given by duration
of one period of it, or, in order to achieve betiecuracy, by several consequent periods of
the signal which is recognized in detail level ® fiotor slot harmonic. This is the reason
why higher frequency of sampling is required. Itnisticed that the duration of periods
should be determined in the vicinity of the poirtese the approximation level crosses the
zero, rather then maximum or minimum.

3. RESULTS

This method was applied to three phase inductiotom0.5kW,p=2, S=24(number of
stator slots)R=22. The decomposition of the signal on details approximation has been
performed by five levels of db5 (Daubechies) Watvele
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Fig. 1. Algorithm for calculation of speed of thluction machine using
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Fig. 2. FFT of the stator current (8 cycles)
RSH - Rotor slot harmonic

It is shown on Fig. 2. the Fourier transform oé ttator current waveform where all
significant rotor slot harmonics are given. Theoratlot harmonic with parameters k=2 and
nw=+1 is dominantly emphasized (Fig. 2.), and tf@eenot in its vicinity others significant
harmonics. The Wavelet decomposition in time donigishown on Fig. 3. The rotor slot
frequency is determined by measuring the peridti@kignal shown as D3.
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Decomposition at level § @2 = a8 + 45 + d4 +d2 + d2 +4d1 .
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Fig.3. Wavelet decomposition of stator current algn
(s) — stator current waveform
(d3) - rotor slot harmonic (k=2, nw=+1)

Regarding the fact that the examined rotor slotmoeaic is alone in frequency domain,
estimation of duration of a period and, in consegee determination of the speed of
examined motor is given directly by measurementB8mletail level window.

4. CONCLUSION

It has been shown that it is possible to obtaiy e&fectively the speed of the induction
machine by using Wavelet decomposition. This metmadiuces the same accuracy as the
FFT but requires smaller time step (1 cycle insiafe®l cycles). Compared to other methods
which produce more accurate results the Wavelebrdposition is much easier to apply
and it is very less time consuming, thus enabliagy ¥ast speed calculation, which is very
important in real time control systems. In partcuthis method is convenient for speed
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measurements during transients. Wavelet decomposisi rather easy to apply since it
requires convolution of the signal, which is definas real, and it is numerically
straightforward.

One of the disadvantages of this method is remére for high frequency of sampling
(1024*, or 2048*,). In the case when the rotor slot harmonic is alone in frequency
domain the additional filtering of the signal igjuéred.

REFERENCES

[1]  M.Djurovic, A.Obradovic, G.Joksimovic: “SensorleSpeed Detection of Induction
Machines Using Recursive Short Time Fourier Tramsfp EPE-PEMC Sovakia,
vol.6, 2000.

[2] K.Hurstet al.: “A Comparison of Spectrum Estimation Techniqt@s Sensorless
Speed Detection in Induction Machine$EEE Trans. on Industrial Applications,
vol.33, no.4, 1997.

[8] K.Hurstet al.: “A Self Tuning Closed Loop Flux Observer for Serless Torque
Control on Standard Induction MachinedEEE Trans. on Power Electronics,
vol.12, no.5, 1997.

[4] K.D.Hurst, T.G.Habetler: “Sensorless Speed MeasemsnUsing Current Spectral
Estimation in Induction Machines Drive'lEEE Trans. on Power Electronics,
vol.11, 1996, pp.66-73.

APPENDI X

Al. MATHEMATICAL BACKGROUND

The Wavelet decomposition produces a family ofdrighically organized decomposi-
tions. The selection of a suitable level for theraichy depends on the signal and
experience. The most frequently the level is chdsased on a desired low-pass cutoff
frequency. At each level j, there are build: appration, Aj , at level j, and a deviation
signal called the j-level detalD)j . The original signal is considered as the apprakion at
level 0, denoted bp0. The words “approximation” and “detail” are jdistd by the fact that
Al is an approximation 40 taking into account the “low frequencies” A®, whereas the
detailD1 corresponds to the “high frequency” correction.

The figure 4. graphically represents this hiereb@hdecomposition. Successive images
Al, A2, A3 of given object are built. The images are sud¢eesgpproximations; one detail
is the discrepancy between two successive imagaseXample, imagé?2 is the sum of
imageA4 and intermediate detail, D3:

A2 =A3+D3=A4+D4+D3. 2

A detail Dj is than:

Dj(t) = > C(j. k)W k (1), 3)
kZ

where C(j,k) are Wavelet coefficients which are segquence of Wavelet transformation.
Pjk(x) is a family associated with one-dimensloMéavelet functionp for dyadic scales
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Fig. 4. Wavelet decomposition

a=2', b=ka.
¥, k(X) is defined by:
_ _
Wik(¥)=2 292 x-k),j0Z,k0Z (4)
It should be noted thdt = Y.
Dyadic scalesa = 2, b = ka defines frequency and time locality of the paiticu

Wavelet function in the family of Wavelet functionEhe a = 2! gathers or stretches the

basic Wavelet functio, while b = ka does its time translation.
In the case of continuous time, continuous anglysi

Clab) = [s)—=w(2)dt,a00* ~{o}.b 00, ®)
e e
while in the case of discrete time, discrete anglys
C(ab) =C(j.k) = Y s(Mgjx(n).a=2) b=k2! ,jON kOZ. (6)
nz

The functiong; is definedoby:
_i _
gjk(M=2 2g(27'n-k),n0Z, ©)
whereg(n) is discrete Wavelet function which is equivalen¥ddvelet functionp.
The signal is the sum of all the details:

jz

Consider a reference level called J. There areswvis of details. The first associated

with indicesj<J correspond to the scales= 21 <27 which are the fine details. The
second, which correspond to j>J, are the coardailsld_atter details are grouped in:
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Ay =Y Dj, )(9
j>J

which defines what is called an approximation @& ignal s. Thus, there are created the
details and approximations which are interconnectbe equality:

s=A;+ ) D; (10)

j<d

signifies that signas is the sum of its approximatiofy; and of its fine details. From the
previous formula, it is obvious that the approxiimas are related to one another by:

AJ_1=AJ +DJ. (11)

A2. EXPERIMENT

The experiment was carried out on the specialtoaected rig, which enabled generation
of the sinusoidal voltage at different frequencieisis was necessary since it was required
current waveform which distortion was only due tot iarmonics. Any implication of an
inverter was not possible since it produces highiy-sinusoidal current, which would
effect the analysis.

The results have been taken for different loadditams, too. The induction motor used
in experiment had the following data: 0.5k¥2, S=24(number of stator slotdf=22. The
stator current was recorded by 12-bit AD convestehe sampling rate of 51.2 kHz.



