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The presence of non-linear loads and the growing number of distributed
generation systems lead to distortion of the shape of voltage and current curves in
distribution systems, that is, to the appearance of current and voltage harmonics.

The impact of harmonics is fraught with a disruption in the operation of power
equipment and a harmful effect on the consumer's electrical loads.

For the effective implementation of measures to improve the power quality, a
correct assessment of the characteristics of distortion is necessary, which largely
depends on the harmonic analysis method used.

The classical method of power quality analysis used in power quality monitoring
systems is the Fourier Transform.

A feature of the Fast Fourier Transform (FFT) is that with the help of this
transformation all components of the output spectrum of the signal are calculated at
once. As a result, the original signal x(7) is represented as the sum of harmonics of
different frequencies:

x(t)=Asin(wt+o,)+ Asin(2ot+oy)+. ..+ A, sin(not+a,) (D)

where a, oy, ... a, — the harmonic components phase angle of the signal; n — the
maximum harmonics order; @ — the angular frequency; A;, A,, ... , A, — the
amplitudes harmonic components of signal x(7).

It can be argued that the FFT is an indicator of the presence of certain harmonic
components in the signal in the measurement interval.

A distinctive feature of the Discrete Fourier Transform (DFT) in relation to the
FFT is the ability to analyze the original signal for each harmonic separately.

For power supply systems with a frequency of 50 Hz, as the main time interval
when measuring power quality indicators, an interval of 10 periods of the
fundamental frequency harmonic is taken.

In order to detail the frequency content of the signal in the measurement interval,
we will calculate the spectrum points obtained as a result of the FFT using the DFT

(Fig. 1) [1].
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To do this, it is necessary to multiply each period of the original signal (1) on the
main measurement interval by sinusoids and cosine waves of unit amplitude with
frequencies obtained as a result of the FFT of the signal, and integrate over the
interval of 2.

Detailing
on .

spectrum periods
points

Figure 1. Improvement of the harmonic analysis method

As a result, for each harmonic component in the [/-th period of the main
measurement interval, we obtain the following system of equations:

{A,d 7rcosa,, = a, @)

A, msina, =b,

where a;; — the integral sum over the interval 2z of product of the signal by the unit
amplitude sine of the k-th harmonic on the [-th period of the sample time; Ay, — the
amplitude of the k-th harmonic on the /-th period of the sample time; o — the phase
angle of the k-th harmonic at the [-th period of the sample time; k£ — harmonic order;
[=1+10 — the serial number of the period of the sample time; b;; — the integral sum
over the interval 2w of product of the signal by the unit amplitude cosine of the k-th
harmonic on the /-th period of the sample time.

The system of equations (2) is nothing more than a trigonometric representation
of a complex number z,=q,+jb,. Then the amplitude of the k-th harmonic

component in the Ith period of the main measurement interval is determined as:

— ‘Zkl‘
Akl - >
T
where | i | — the absolute value of the complex number z;,.

The phase angle of the k-th harmonic on the /-th period of the sample time:
O =arg i,

where arg z;; — the argument of the complex number z;
Thus, with the help of an additional DFT over the periods of the harmonic of the
fundamental frequency (DFT over the periods), it is possible to localize the time of
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appearance and disappearance of high harmonics with an accuracy of one period of
the harmonic of the fundamental frequency.
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ExoHOMHE BUWKOPUCTaHHS IUIMHHUX CHEPTrOHOCIIB, OCHOBHUM 3 SKHX €
IPUPOTHUN Ta3, MOXKIJIMBE TUTHKH 32 YMOBH HaJaro/PKCHHS TOYHOTO BUMIiPIOBAHHSI
HOro BUTpAaTH Ta KUIBKOCTI. YacTo [ BUMIPIOBAHHS BUTPATH IUIMHHUX
€HEProHOCIiB 3aCTOCOBYIOTh BUTPATOMIPY HAa OCHOBI 3BYXKYBaJIbHUX NpUCTpoiB (311),
30KpE€Ma, BUTPATOMIpPH 31 CTaHAAPTHUMHU JladparMamu, sIKI XapaKTepU3yIOThCS
MPOCTOTOIO KOHCTPYKIli, BATOTOBJIEHHS, MOHTaXYy 1 MOXKIJIUBICTIO iX 3aCTOCYBaHHS B
TpyOomnpoBoaax 3 BHyTpimHIM aiametpom Big S0 10 3000 mm.

[lin yac TpaHCIOPTYBaHHS Ta PO3MOALICHHS MPUPOJIHOTO Ta3y, WOro mnapamerpu
0aratopa3oBo 3MIHIOIOTHCS, SK BHACIIJOK BUKOHAHHS HaJl Ta3oM poOOTH, TaK 1
BHACIIJIOK 3MIHU KOHCTPYKTHUBHHUX MapaMEeTPiB YU YMOB IIPOKJIAJIAHHS Ta30MPOBOIIB.
VY pe3ynbTaTi IbOro B ra3olpoBOJaX BHUHUKAIOTH AUISTHKUA 13 3MIHHOIO CTPYKTYPOIO
MOTOKY, 30KpEeMa BHHHMKAIOTh JUISHKH 13 HECTAlllOHApHUM IOTOKOM, a TaKOX
JTUISHKA 31 CIIOTBOpPEHUM mpodinem mBuAKOCcTI notoky, nepex 3II. L1 sBuma
HETaTUBHO BIUIMBAlOTh HA TOYHICTh BHUMIPIOBAHHS BHUTpPATH Ta30MoAI0HOTO
CEepPEeNOBUINA, OCKUIbKM CHPHUYMHSIOTh BHHUKHEHHS JIOJATKOBUX CKJIQJOBUX
HEBU3HAYEHOCTI.

ABTOpamMu JOCIHII)KEHO JOAATKOBI CKJIAJOBI HEBU3HAYEHOCTI BUMIPIOBAHOTO
3HAQUYEHHS! BUTpaTH, $KI BUHUKAIOTh BHACHIJIOK HAasABHOI HECTAI[lOHAPHOCTI
(mynbcaniil) TMOTOKY, BHUHHMKHEHHS SIBUIIA PE30HAHCY y BHUMIPIOBaJIbHOMY
TpybomnpoBoai (BT) 1 mHEeBMaTHYHMX KaHajlaXx BUMIPIOBAIBHUX IEPETBOPIOBAYIB
TUCKY Ta Mepenaagy THUCKY, a TaK0X JOJATKOBY CKJIaJJOBYy HEBU3HAYEHOCTI, IO
BUHMKAE BHACIJOK HAsSBHOCTI mepea aiadparMol0 BHUCTYMHIB Y BHYTPIIIHIN
MOPOXKHUHI TpyOompoBoay. BcTaHoBIEHO, 110 10JaTKOB1 CKJIaJI0BI HEBU3HAYEHOCTI,
COPUYMHEHI Ha3BaHMMM SBUIIAMU Ta KOHCTPYKTUBHUMH ocobinuBoctsmu BT,
MOXYTh CSTATH JEKUIBKOX BIJICOTKIB.

ABTOpaMHu TakOX BUKOHAHO CHCTEMATH3AIlI0 JIKEpPEN T0JATKOBUX CKJIAJOBUX
HEBU3HAUYCHOCTI BUMIPIOBAHOTO 3HAYEHHS BUTPATH Ta BUKOHAHO aHAJ3 HAyKOBO-
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