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Abstract

The paper deals with the experimental research of the pulsed method of trans-
former winding control in comparison with FRA technology. A new approach to
winding condition control technology is described. The proposed method is based on
short (compared with a typical pulsed technology) probe pulse and front pulse dura-
tions. The experimental results of sensitivity growth at decreasing front pulse dura-
tion are shown. The experimental equipment and measurements are described. A
comparison of the experimental results of the proposed technology and FRA is given.
It is shown that shorter front of probe pulse duration allows upgrading sensitivity of
the diagnostic procedure.

INTRODUCTION

Smart power grid includes big amount of high voltage transformers of different
types and power range. To provide a stable operation of any smart grid is necessary
to control high voltage equipment condition, first of all, power transformers. At the
same time, park of power transformers are old enough and have been working al-
ready 30-40 years and more. That is why the development of technologies of high
voltage transformer condition control is an important task for any smart grids. The
pulsed method to control a condition of transformer windings was proposed and de-
scribed in 1966 [1]. The principle of the method consists in applying probing stand-
ard lighting impulse of 1.2/50 microsecond with the amplitude around 300 V to one
of the windings. Other windings were short-circuited and the shunt which gave a re-
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sponse to a probing impulse was installed in them. The response represents the signal
corresponding to transient, arising in windings, as a reaction to a probing impulse.
First of all, it was necessary to measure the so-called normogram — a response from
the winding of the working transformer. The procedure of sounding was repeated at
the next test. Comparison of normograms and current sounding (defectograms) al-
lows making a conclusion about winding state. The difference in the normogram and
defectograms represents the problem in the winding. Further, this method was recog-
nized more than in 45 countries [2] and was called the Low-Voltage Impulses method
(LVI1). In the end of last century, the LVI method was modified and transformed into
a method of measurement of amplitude-frequency characteristics. It has been practic-
ing as main in North American and European smart grids. The principle of this meth-
od consists in measuring the amplitude-frequency characteristics from one of the
transformer windings when applying to the other winding a sinusoidal signal with the
amplitude around 10 V of various frequencies. Then the amplitude-frequency charac-
teristics are compared with the normograms, received on the serviceable transformer.
Nowadays this method is called a Frequency-Response Analysis method or a FRA
Technology and it is widely used around the world [3-5]. The FRA interpretation that
Is based on the analysis of physical electrical parameters is not feasible since one of
the most important parameters, the winding series capacitance, cannot be determined
in transformer bulk [6]. Despite many advantages there is problem to reveal the wind-
ing faults in most initial stage. This drawback is for both technologies — FRA and
LVI.

Main goal of this work is to upgrade sensitivity of the LVI method to find
winding faults on the most initial stage. It could be achieved by means of a probing
pulse using the frequency range up to 50 MHz. It can be implemented by applying to
one of the transformer windings a rectangular probe pulse with the amplitude of 200
V and a front duration of 10 ns and pulse duration of 400 ns. A short probe impulse is
a way to increase sensitivity of the diagnostic procedure.

EXPERIMENTAL RESEARCH

To prove the viability of the approach, a special generator of nanosecond im-
pulses was developed. It allows forming unipolar pulses with the above mentioned
parameters. The model of three-phase two-winding transformers has been developed.
The model includes three low voltage coils inserted in high voltage ones. The total
number of turns at the low voltage coil is 20, at the high voltage coil — 120 respec-
tively. A nanosecond rectangular impulse with different front duration was supplied
on entrance of the high voltage coil. The response signal was measured on exit of the
low voltage coil. Ocilloscopes Tektronix TDS 2024 were used to control the form of
a probe impulse and response signals.

The electric circuit of the experiment to define the influence of the front dura-
tion of a probing impulse on sensitivity of the LVI method is given in Figure 1.
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Fig. 1. Electric circuit of the experiment: 1 — the generator, 2 — the connecting coaxial
cable with a wave resistance (impedance) of 75 Ohms and 2 meters length, 3 —the
diagnosed transformer (HV—nhigh voltage, LV — low voltage), 4 — the condenser for
change of the front of a probing impulse, 5 — short-circuit of rounds (turns) 96...98
(common turn number is 120), 6 — the commutator (switch) for connection of the
condenser 4,7, 8 — probes for connection to a multichannel oscilloscope TDS 2024.

The rectangular impulse created by the generator was applied to a high-voltage
winding of the transformer, the impulse-response was measured on a low-voltage
winding of the transformer. Windings had no loads (a case of completely switched-
off transformer). On the high-voltage winding taps which can be connected among
themselves for imitation of short circuits between certain turns have been made. De-
fect turn to turn short circuit between 96 and 98 turn number was organized at the
high voltage area of phase A. A comparative experiment on the transformer model
has been carried out to compare the sensitivity of FRA and our “nanosecond pulsed
method”. Waveforms for the nanosecond pulsed condition control are given in Figure
2, a. Waveforms which are given in Figure 2, b are at the same situation, but for FRA
technology. A comparative experiment on the transformer model has been carried out
to compare the sensitivity of FRA and our “nanosecond pulsed method”. The experi-
ment consisted in comparison of the normograms and responses at the same defect
type — turn to turn short circuit of 96 — 98 turns of the high voltage winding for both
technologies.
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Fig. 2. a) Waveforms at short circuit between turns 96...98 of the high-voltage wind-
ings of the transformer at the front of a probing impulse of 25 nanoseconds: black
curve — a form of a probing impulse on the entrance of the high-voltage winding, a

red curve — a response pulse on the low-voltage winding.

b) Amplitude-frequency characteristics received by means of the FRAX-150 device

on the transformer model: curve 1 is the normogram; curve 2 is the defectogram ob-

tained at short circuit between turns of 96-98 of the high voltage winding. A signal is

supplied to phase C, amplitude-frequency characteristics is fixed on exit of phase A.

As it is followed from figures, sensitivity of nanosecond pulsed technology is
higher than FRA one.

CONCLUSIONS

Despite many positive characteristics, in some cases sensitivity of FRA is not
too appropriate and the percent of mistakes during the transformer diagnostics is high
enough. One of the reasons for that is restriction of the upper boundary of the fre-
guency range. It is around 2 — 3 MHz. A noise level in a common signal is too high
and this restricts the top of working frequency range at FRA.

To overcome this problem a solution for using probe pulse with short duration
and rapid front was proposed. Application of a probing pulse with pulse duration of
400 ns and a rise time of 25 ns allows an increase in the diagnostic sensitivity in
comparison to the FRA testing under the same test conditions.

Proposed technology of winding condition control is high enough and looks
prospective for smart grids.
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IPUHITAIIBI PEAJIN3ALIMY PEJTEMHOM 3AIIIUTHI, OCHOBAHHOM
HA PACIIO3HABAHHUU BOJTHOBBIX IIOPTPETOB

A.JL. Kynukos, A.A. Jlockytos, I1.C. [leneBun
Hwuxeropoackuii TEXHUYECKUN YHUBEPCUTET

CoBpeMeHHbIE PACTIPEICIUTEIIbHBIE CETH U CUCTEMBI JJICKTPOCHAOXKEHUS Xa-
PaKTEepPU3YIOTCS BHEJIPEHUEM BO300HOBIISIEMBIX UCTOYHUKOB sHeprun (BOUN), Bupty-
TBHBIX dJIEKTpOCTaHIMN. BeposTHOCTHBIN pexkum padboT BOU, o0ycioBneHHbI He-
CTaOMIIBHOCTBIO SHEPTOHOCUTENEH, co3/1aeT POOIEMBbI JUIsl YCTOMYMBOM pabOTHI ce-
TH, Il CUCTEM YTMPaBIICHUS W aBTOMATUKU W i peneriHoi 3ammthel (P3). Pexum
paboThl cucteM 3neKkTpocHadkeHus ¢ BOU noctossHHO MeHsieTcs: U3MEeHseTCsl KOH-
durypanus ceTu, U3MEHSIOTCS MOTOKH MOITHOCTH MO OTAeNbHO B3aThiM JIOII, Me-
HsatoTcs Toku K3 u T.1. Bee 93T0 mpuBOIUT K YCIOKHEHHUIO CXEM 3alllUThl M aBTOMa-
TUKH, HEOOXOIMMOCTH pa3pabOTKM M BHEIPEHUS HOBBIX aJIrOPUTMOB pPaOOTHI
YCTPOMCTB 3aIUTHI.

MO>kHO BBIACIUTH JIBA MOAXOAA K PEIICHUIO TaHHON POOIEMBI.

[lepBbIM MOJIXOJIOM SIBJISIETCSL pa3pabOTKa TMOKMUX, aJalTUBHBIX 3aIlUT, MOI-
CTPAMBAIOLIUXCS MO U3MEHSIOIUNCS peKUM paboThl ceTH. B n1aHHOM HampaBlieHUU
MPOBOJIATCA PA3IMYHbIE UCCIEAOBaHMS, KaK 3a pyOeKoM, Tak U B Hallell cTpaHe U
y)K€ TPEeJIoKEHbl pa3iuuHble MeTonbl. Hampumep, mpennaraercs HCIOIb30BaTh
Ha0Op yCTaBOK /IS Pa3HBIX PEKUMOB pabOThI U HA OCHOBE PabOTHI aJirOpUTMa pac-
MMO3HABAHMS PEKUMOB BBIOMpATh TOT WJIM UHOW Habop ycTaBoK. Erie MOKHO MCIONB-
30BaTh AJTOPUTMBI, B KOTOPHIX YCTaBKH OYIyT HENPEPHIBHO MEHSTHCS B COOTBET-
CTBUU C OIPEACIICHHBIMUA BEPOSITHOCTHBIMU 3aKOHOMEPHOCTSMH B 3aBUCHUMOCTH OT
XapakTepa U3MEHEHHUs apaMeTpoB pexnma. [1]
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