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Motivation

Failures 2000 - 2009 CT; 0,37%

Tap Changer;

Tx Type Failures Failure Tx e
Rate Years "

Substation 799 0.53% 150,072
GSU 166 095% 17,387 Cooling unlt;

1,12%

Winding; 37,69%

Tank; 0,75%
« Few information about inadequate core design Flux Shunts;

0,37%
Lead Exit; 5,78%

« Can cause circulating currents
Core and

= Increased losses magnetic Bushings; 17,16% E'“”::L;?*"‘
—> additional costs circuit; 2,61%

Insulation; 2,43%

Credit: Cigre WG A2.37, Transformer Reliability Survey, 2015
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State of the Art

» Epstein frame measurements of core material
“* Magnetic coupling of phases
“* Windings capacitance

Limb U Limb V Limb W Credit: Roppert, K., Institute of Fundamentals and Theory in
T 0.015 T 0.015 ‘ Electrical Engineering, Graz University of Technology
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Demagnetization of Transformer Cores

* Remanez flux offsets the hysteresis measurement A
« Shifts Sweep Frequency Response Analysis (SFRA) /N\
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Hysteresis Measurement Setup

off

LQZE; P 1T<1>
* (prevent) magnetic coupling of phases T 9
» Assumption: By, = By B <1.95—-20T E E
« Usage: rg — — )

« Core ‘ fingerprint’
« Electromagnetic modelling
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Example | 5-limb 3-phase 300 MVA

W-U Measurement with demagnetization before
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ﬂ Proposed Demagnetization

3/5-limb 3-wounded Iimbs

1) Demag U-W
2) Demag V-N

Option

#1

SC...Short-Circuit
Demag...Demagnetization
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ﬂ Summary & Further Work

Summary
« avallable transformer demagnetization procedures can be insufficient
 DC hysteresis measurement could be used for core fault detection

Further Work

« Laboratory and field tests of proposed demagnetization procedures
« Data base of transformer hysteresis measurements & recurring
nysteresis measurements

M. ELECTRICAL

FA POWER SYSTEMS
NS

February 17th, 2022 VY TU GRAZ




TU

Grazm

SCIENCE
PASSION
TECHNOLOGY

Power Transformer
Hysteresis Measurement

Dennis Albert!, Philipp Schachinger?!, Alexander Pirker?,
Christoph Engelen3, Fredi Belavi¢*, Gerald Leber®, Herwig Rennerl

February 17th, 2022

Linstitute of Electrical Power Systems, Graz University of Technology, Graz
2VUM Verfahren Umwelt Management, Klagenfurt

3 OMICRON electronics GmbH, Nirnberg

4 Austrian Power Grid, Wien

5> Siemens Energy, Weiz

M. ELECTRICAL

Fé POWER SYSTEMS
BV TU GRAZ

www.iean.tugraz.at | dennis.albert@tugraz.at | +43 (0) 316 / 873-7568




TU

Grazm

Offset Correction of W-1 characteristic

after winding resistance measurement
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Comparison DC W-I & AC W-|

1) Capacitive current correction:  2) Use frequency as scaling factor:
I.=C- %, whereas C~2.4 pF o0 Hz

1.5 T T T T T T T T T 0015

L1 Raw — & —50Hz, 415 Vpeak corrected
— € — L1 Corrected — scaled DC (Factor:50)
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