ELECTRONICS AND ELECTRICAL ENGINEERING

I SSN 1392 — 1215

2008. No. 6(86)

ELEKTRONIKA IR ELEKTROTECHNIKA

TELECOMMUNICATIONS ENGINEERING

T180

TELEKOMUNIKACIJU INZINERIJA

Power Transformer Units Condition Assessment Using Virtual

| nstrumentation

T. Chiulan

SC ICEMENERG SA, Bd. Energieticienilor 8, Sect. 3, Bucharest, Romania, ++40726.34.34.44, ctraian@gmail.com

B. Pantelimon

Polytechnic University Bucharest, Sp. Independentei 313, Bucharest, Romania, +4021.402.92.58,

bpante@el ectro.masuri.pub.ro
Introduction

The international standards [1] establish certain
conditions for the transformer unit short - circuit
impedance measurement on the rated tap on the first and
last taps of the on-load tap changer. In order to perform
the system calculations and to adjust the system
protections it is necessary to know the values of the short-
circuit impedances on each tap, especially then when the
variation range isrelatively wide.

This becomes imperative when the operation of two
different type transformer units connected in parald is
analyzed [2].

The short-circuit impedance measurement is a
method that has been also used for diagnosing the winding
state on site and it is utilized as such in the maintenance
activity. It has been included in national norms [3], but it
has not been applied until now due to the difficulties
encountered during the low and highly varying voltage
measurements.

As aresult of the research that has been carried out so
far an operative highly efficient measurement system has
been developed. By means of this measurement system a
large amount of measurements have been performed whose
results have been afterwards compared with those
calculated by the designer and those measured at voltages
close to the short-circuit ones by the manufacturer (there,
where these measurements have been made on all the on-
load tap changer taps — OLTC).

L ow voltage short-cir cuit impedance measur ement

The low voltage short -circuit impedance
measurement by means of alow voltage three phase power
source can be performed because the impedance value
does not depend on the applied voltage.

The low voltage short-circuit
measurement requires utilization of

impedance
highly accurate
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instrumentation on the one side, and elimination of the
errors caused by the fluctuations of low voltage power
networks due to welding equipment, etc., on the other.

In order to carry out these measurements the diagram
presented in Fig. 1 has been developed. The diagram uses a
data acquisition and processing system (DAQ) that enables
the evaluation of the measured data, the short-circuit
impedance variation curve plotting on the spot, Fig.3, as
well as the subsequent processing obtained data. The
processing system also corrects the data with the supply
voltage frequency variation.

The software application, whose user interface is
presented in Fig. 2, has been developed by means of the
virtual instrumentation using the LabVIEW programming
environment [4, 5, 6].

The user sets the tap from which the measurements
start and the direction variation of the taps. Thus, the
software application changes the position of the tap
automatically after each measurement, according to the
selected direction without requiring the user’ s intervention.

The measured quantities are: the three phase voltages
and currents that are displayed both in analogical (gauge)
and digital forms to offer complete information on them
(both quantitatively and qualitatively). The short-circuit
impedance values are displayed for each phase and then
their total valueis also displayed.

The measurement ranges can be selected from the
bottom of the user interface. Thus, the user can choose the
measurement by means of the 5A shunts or by means of
the current transformers with different types of
measurement ranges (5A, 10A, 25A). This gives an
accurate measurement of the quantities. If the measured
guantities (voltage or current) exceed the measurement
range selected by the user, the application warns the latter
that he has to switch to a higher range.

This is aso the area of the interface where the
indicator signaling a possible data saving error can be
found.
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Fig. 1. The block diagram for the short-circuit impedance measurement at low voltages

The table where both the measured and the calculated
data are recorded is in the upper right side of the user
interface. Below this table a plotting area for the short-
circuit impedance (Y axis) graphic representation with the
tap position (X axis) islocated.

The pushbuttons enabling the table data saving in an
EXCEL type file, deletion of certain measurements from
the table, insertion of the measured parameter values in the
table, as well as the application closing are situated in the
lower right side of the user interface.

The curves in Fig. 3 point out a good match between
the values measured in the factory for a 4000 MVA
transformer unit (using a high voltage power source) and
the measurements carried out in a substation (using a low
voltage power source).

For calculating the short-circuit impedances the
designer can use both the analytica formulas and the
specially developed calculation programs.

The analytical formulas [7] are more rapid but they
consider only two windings through which the current
flows. Consequently, the adjustment can be calculated only
by coarse approximations.

A more precise method, nevertheless requiring a
greater calculation effort, presupposes the determination of
the equivalent diagram with the transformer short- circuit
parameters concentrated on the short- circuit.

The first step consists in determining the own and
mutual inductances and winding resistances on the basis of
the input data (transformer geometry) [8]. The longitudinal
and transversal capacitances can be aso calculated
athough they are not relevant at low frequencies. If the
calculation of the ohmic resistances is simple, inductance
determination requires the electromagnetic static field
calculation in the transformer window. For this there are
both analytical solutions and calculation programs utilizing
the finite element calculation method.

The second step is the generation of the node and side
matrices of the equivalent circuit for the tested
configuration. In the case of the three phase short-circuit
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the equivalent diagram can be simplified to a single phase
one. In this case, the nodes are earthed, the terminals are
connected to the power source and the windings are short-
circuited according to the short-circuit diagram. All the
circuit elements are correspondingly arranged as matrix
and vectors. The system inversion leads to the voltage
determination in the circuit nodes, and short-circuit voltage
between different pairs of windings (if there are any),
respectively, as a function of the on-load tap changer
position.

By means of this method the influence of the tap
variation on the leakage flow in the transformer window
and the short-circuit impedance variation, respectively, are
considered.

Conclusions

The short-circuit impedance measurement between all
the winding pairs and by each position of the on-load tap
changer isimperiously necessary for:

- verifying the observance of the technical conditions,
the designed ones included;

- verifying the possible nonconformities in the
winding manufacturing;

- verifying the behavior of the winding operation on
site (the measurement is performed in agreement with the
normsin force);

- carrying out the system calculations and the short-
circuit ones (including the correct protection regulation);

- verifying the loading of the same type, as well as a
of different type transformer units.

The short-circuit impedance measurement can be
performed by connecting the measurement installation to a
low voltage (380/220V) source provided that highly
accurate instrumentation enabling the automatic data
processing is used.

The developed measurement installation enables a
quick and precise on site measurement of the short-circuit
impedance of the national power system transformer units.
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Fig. 2. The window application for the short-circuit impedance measurement
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Fig. 3. The short-circuit impedance variation X with the tap position
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T. Chiulan, B. Pantelimon. Power Transformer Units Condition Assessment Using Virtual Instrumentation // Electronics and
Electrical Engineering. — Kaunas: Technologija, 2008. — No. 6(86). — P. 97-100.

Knowledge of the short-circuit impedance variation is necessary for verifying the observance of the technica conditions (including
the design conditions), certain nonconformities in the winding execution, checking the winding behavior in operation, verifying the
system and short-circuit calculation (including the correct protection setup), the loading of the same type units, or more importantly, of
the different type ones. The measurement of the short-circuit impedance by means of a three phase low voltage power source can be
performed because the value of impedances does not depend on the applied voltage. ICEMENERG has developed a modern
measurement system that has been used for performing a great amount of measurements, the results of which have been compared with
those of the manufacturer’s, and with those obtained by means of high voltage measurements. 111. 3, bibl. 8 (in English; summaries in
English, Russian and Lithuanian).

T. Usynan, b. IlanTeaumon. OuneHka YCJI0OBMSI eIMHHL TpaHcdopMaTopa BJIACTH, MCIOJIB3YS [eHCTBUTEIbHYIO
HHCTPYMEHTOBKY // DJIeKTPOHUKA U j1eKTpoTexHuKa. — Kaynac: Texnosorus, 2008. — Ne 6(86). — C. 97-100.

3HaHHe W3MEHEHHs HMIIEaHCca KOPOTKOTO 3aMbIKaHHMs HEOOXOAMMO 4YTOOBI IPOBEPHUTH COOMIOAEHHWE TEXHHYECKHX YCIOBHUH
(BKJIIOUAs yCIIOBHUS NIPOEKTA), ONPEAEICHHBIC HECOOMIOAEHHS BO BHIOIIEMCS BBITOJHEHHH, IPOBEPSIS BBIOIIEECS ITOBEACHHE B ONICpaLlUH,
TIPOBEPSISl CHCTEMY U BEIYHCIICHHE KOPOTKOTO 3aMBIKaHU (BKIIIOYAst IPaBIIIFHYIO YCTAHOBKY 3aIllUTHI), IOTPY3Ka TEX )K€ CaMbIX eIMHHI]
THUIA, WIA 9TO elle 0ojiee BaKHO Pa3IMYHBIX THIA. V3MepeHHe mmIeranca KOPOTKOTO 3aMBIKAHUS ITOCPEACTBOM Tpex (a3, HU3KUH
UCTOYHHUK BJIACTH HANPSDKEHUS] MOXKET OBITh BBINOJIHEH, MOTOMY UTO HEHHOCTh MMIIEJIAHCOB HE 3aBHCHUT OT IIPUKIJIAJHOTO HANPSKEHHS.
ICEMENERG pa3Bun COBpEeMEHHYIO CHCTEMY H3MEpPEHHs, KOTOpas HCHOJIb30Balach YTOOBI BBIIOJHHTH OOJNBIIOE KOJINYECTBO
pa3MepoB, Pe3yibTaThl KOTOPBIX OBUTH 110 CPABHEHUIO C TAKOBBIMH M3 HM3TOTOBHUTEINS, M C NMOTYYEHHBIMU MOCPEICTBOM BBICOKHX
pa3mepoB Hanpspkenust. M. 3, 6u6i. 8 (Ha aHIIHIICKOM s13bIKe; pedepaThl Ha aHTJIMHCKOM, PYCCKOM U JIUTOBCKOM, ).

T. Chiulan, B. Pantelimon. Galios transfor matoriy darbo salygu vertinimas naudojant virtualius instrumentus // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 6(86). — P. 97—100.

Batina turéti ziniy apie trumpojo jungimo impedanso pokycius, kad baty galima patikrinti, kaip paisoma techniniy salygu.
Trumpojo jungimo metu impedansas gali bati montuojamas naudojant triju faziu Zemos jtampos energijos saltinj, nes impedanso verté
nepriklauso nuo jtampos. ICEMENERG sukiireé siuolaiking matavimo sistema, kuri gali biti taikoma, kai tuo paciu metu reikia atlikti
daug matavimy. Rezultatai buvo palyginti su gamintojo duomenimis. I1. 3, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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