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Testing of Power Transformers
Routine tests, Type tests and Special tests

ABB Business Area Power Transformers
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o |EC 60060-1(1989), High-voltage test techniques-
part 1: “ General definitions and test requirements ” [21]

o |EC 60060-2 (1994), High-voltage test techniques-
Part 2: “Measuring systems ” [22]

e |EC 60060-3 (w.i.p.*), High-voltage test techniques-
Part 3: “Definitions and requirements on-site tests” [23]

e |EC 60076-3 (2000), Power Transformers-
Part 3: “Insulation levels , dielectric tests and external
clearances in air” [3]

e |EC 60076-4 (2002) , “Guide to lightning impulse and switch-
ing impulse testing of power transformers and reactors” [4]

e |EEE Std C57.12.90-1999, clause 10: “Dielectric tests” [51]

e |EEE Std C57.98-1993, “Guide to impulse testing techniques,
interpretation of oscillograms and failure detection criteria” [58]
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e |EC 60076-1 (2000), Clause 10.1.3: Power transformers — Part 1
" General " [1]

e |EEE Std. 57.12.90 1999 , clause:10.11 " Insulation resistance
tests " [51]
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e |EC 60076-1 (2000), Clause 10.1.3: Power transformers —
Part 1 General , " Measurement of the dissipation
factor (tan &) of the insulation resistance capacitances" [1]

o |EEE Std. 57.12.90-1999 , clause10.11: " Insulation power-
factor tests " [51]
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A

Acceptance criteria for PD test
Acoustic absorption coefficient
Analog impulse peak voltmeter
Analog impulse measuring system
Apparent charge

B

Background sound level

Back-to-back method (Temperature rise test)
Basic Lightning Impulse Level (BIL)

Basic Switching Impulse Level (BSL)
Buchholz-relay

Burden of instrument transformer

C

Capacitive impulse voltage divider
Cathode ray oscilloscope
Chopped wave on the tail

Class | transformers

Class Il transformers

Clock number of vector group
Coaxial cables

Compensation of capacitive load (Applied voltage test)
Compensation of capacitive load (Induced voltage test)

Controlled resistive impulse voltage divider
Core-type transformer

Corona gun

Corona shielding

D

Damped-capacitive impulse voltage divider
Damping resistance (Applied voltage test)
Damping resistance (Impulse test)

Data Acquisition System

DC source for resistance measurements
Definition of Partial Discharge

Definition of relative short circuit voltage
Definition of Sound Intensity

Definition of Sound Power

Definition of Sound pressure

g
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127
258
188
187

121, 123-128, 132f, 143-148, 152

252-254

201,212

26, 30, 107, 162
27,162

89, 99, 109,171, 203
70

184f

187

21,27, 163-165, 188, 192
26f, 30, 1071, 111
26f, 30, 1071, 110f
42f

123, 183-186, 193
101

113

185

231-233

128

109, 160

185

104

177,180, 184-186, 190
34f, 39, 208, 219
34,37, 39

120, 140-143

57

257

256

256
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Definition of tests

Definition of voltage ratio

Defintion of short-circuit voltage
Dielectric test requirements (IEC)
Dielectric test requirements (IEEE)
Digital impulse measuring system
Doble Insulation Analyzer

Doble test

Duration of the induced voltage test

Eddy losses (no-load losses)
Electron avalanche
External electrodes

F

Faraday's law

Form-factor of voltage

Frequency response analysis (FRA)
Front chopped wave (front-of-wave)
Full wave test

G

Gas-in-oil analysis (DGA)
Gauss's Law

Graded insulation

H

Harmonic analyzer

Harmonic content of the no-load current

Hysteresis losses

!
ICM system

Impulse circuit earthing
Impulse generator
Impulse peak voltmeter

Impulse voltage distribution across a winding

Impulse voltage divider
Impulse voltage transfer
Instrument error correction

Interdependence of load loss and frequency
Interdependence of load loss and winding temperature

b sl ygile ygtamnl 5 s

14

43

56

25

26

188
278-280

277-281
113

82f
142
99

81

83, 93

243

21, 163, 166
163-165

204, 220, 243
65
27, 30, 98f

266
267-269
80, 82f, 92f

1341, 151f
194

167, 177-178, 180-182
187f

198

184-187

188

69-72

60f

60



K
Kelvin (Thomson) bridge

L

Lightning impulse withstand level (L)
Lightning over-voltages

Load sound

Long duration AC test (ACLD)

Low Frequency Dielectric spectroscopy (FDS)

Magnetic asymmetrie
Magnetostriction
Marx generator

Meggohm-meter

Montsinger's Law

N
No-load sound

No-load type (Zero-sequence impedance measurement)
Non uniform insulation
Non-graded insulation

o)

Ohmic-capacitive mixed impulse voltage divider
Ohm’s Law
One hour level

P
Peak factor of voltage

Peak voltmeter

Phase Resolving Partial Discharge Analyzer

Phase-angle error (instrument transformer)

Piezoelectric transducer

Polarization Index (Pl), (Insulation resistance measurement)
Post-established short-circuit

Power Analyzer

Power factor (Definition IEC)

Power factor (Definition IEEE)

Precribed contour

Pre-established short-circuit

Protection sphere gap

g

sl 4 031,

34, 36f, 39

25-29, 162

21,23

249f, 255f

25f, 106, 108, 110, 114, 126
272

89
173, 249

272-274

249, 256
231,233
26, 108
27,30, 108

186
34
30, 107,110

83

98, 104
129, 152f
65, 68, 70f
133

273f

239, 244
34, 65, 83, 269
276

276

257

239, 244
100
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Sl 4l 031
Q

Q factor
Quasi-integration of the PD current impulses

R

Ratio measurement (special vector group)

Reactor type (Zero-sequence impedance measurement)
Recurrent-surge oscillographic method

Relative ratio error

Repeated dielectric tests

Resistive impulse voltage divider

Response time

Returm voltage polarization spectra (RVM)

RIV-method

S

Schering Bridge

Schering-Alberti Bridge

Self excitation

Series Resonant Systems (Applied voltage test)
Shell-type transformer

Short -circuit method (Temperature rise test)

Short duration AC test (ACSD)

Short-circuit type (Zero-sequence impedance measurement)
Spectrum analyzer (PD Measurement)

Sphere gaps

Spheres

Standing time

Starting transformer (no-load loss measurement)
Starting transformer (short-circuit voltage measurement)
Surge arrestors

Switching impulse wave form

Switching impulse withstand level (S)

Switching over-voltages

Symmetrical short-circuit current

T

Temperature / temperature rise

Temporary over-voltages

Theory of symmetrical components

Thermal time-constant of transformer (Temperature rise test)
thermal winding time constant

)8 (slbygile ygamil i Cannss

103
122, 124, 143f, 149

48

228, 231-234

246

43f, 53

27

184

188f

272

121,124,127, 149

277

e

100, 113, 116

102

233

202

25f, 106, 110, 114, 126
228, 231-233, 235
134f, 137, 158
104, 118,190-192
99, 160

109

94

72

99

165f

25-27, 29, 162

22

240-242, 245¢f

200, 211
22

226f
213

62, 207



Three Transducer Detector (TTD)

Three winding transformers (load loss measurement)
Three-wattmeter method

Three-winding transformer (Temperature rise test)

Time domain polarization/depolarization current measurements
Transmission factor alpha

Trigatron

Two-wattmeter method

Typical PD pattern

U
Ultrasonic detector (PD Measurement)
Uniform insulation

Unloaded transformer (Theory)

\'J
Vector group and phase displacement
Voltmeter-ammeter method

w

Winding hot-spot

Winding resistance

Winding resistance, temperature dependance

Z
Zero-flux current transformer
Zero-sequence impedance (Definition)

sl 4 031,

155f

63, 75-77
61, 67, 92
221-223
272

197

180

61, 67, 92
130 -132

126, 150
26, 28, 110f
80

42, 44
34-36, 39

209f
32f
32

65
227f
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Standards

International Electrotechnical Commission (IEC)

(1
@
()

4]

(5]
6]
(7]
(8]
©
(10)
(1]
(12]
(13]
(14]

(15]
[16]
[17]

(18]
(19]
(20

1]

[22]
(23]

(24]
[25]
[26]
27]

(28]

[29]

(30]
31

IEC 60076-1
IEC 60076-2
IEC 60076-3

IEC 60076-4

IEC 60076-5
IEC 60076-8
IEC 60076-10
IEC 60137
IEC 60214
IEC 60289
IEC 60354
IEC 60542
IEC 60616
IEC 60722

IEC 60726
IEC 60905
IEC 61181

IEC 61378-1
IEC 61378-2
IEC 60050-421

IEC 60060-1

IEC 60060-2
IEC 60060-3

IEC 60071-1
IEC 60071-2
IEC 60270
IEC 60790

IEC 61083-1

IEC 61083-2

(2000)
(1993)
(2000)

(Draft)

(2000)
(1997)
(2001)
(1995)
(1989)
(1988)
(1991)
(1976)
(1978)
(1982)

(1982)
(1987)
(1993)

(1997)
(2001)
(1990)

(1989)

(1994)
(w.ip.)

(1993)
(1976)

(2000)
(1984)

(2001)

(1996)

IEC 60076-10-1 (2001)

IEC 60651

(2001)

Power Transformers - Part 1: General
Power Transformers - Part 2: Temperature rise

Power Transformers - Part 3: Insulation levels,
dielectric test and external clearances

Guide to lightning impulse testing of power transformers
and reactors, see also [14]

Power transformers - Part 5: Ability to withstand short circuit
Power transformers - Part 8: Application guide

Power transformers - Part 10: Determination of sound levels
Bushings for alternating voltages above 1000 V

On-load tap changers

Reactors

Loading guide for oil-immersed power transformers
Application guide for on-load tap changers and Am, N°1(1988)
Terminal and tapping markings for power transformers
Guide to the lightning impulse and switching impulse testing
of power transformers and reactors

Dry-type power transformers

Loading guide for dry-type power transformers

Impregnated insulating materials -Application of dissolved
gas analysis (DGA) to factory tests on electrical equipment

Converter transformers - Part 1: Transformers for industrial applications
Converter transformers - Part 2: Transformers for HYDC application

International Electrotechnical Vocabulary. Chapter 421:
Power transformers and reactors

High-voltage test techniques - Part 1:General definitions
and test requirements

High-voltage test techniques - Part 2: Measuring systems
High-voltage test techniques - Part 3: Definitions and
requirements for on-site tests

Insulation coordination - Part 1: Definitions, principles and rules
Insulation coordination - Part 2: Application guide

Partial discharge measurement

Oscilloscopes and peak voltmeters for impulse tests
(withdrawn in 2001 and replaced by [28])

Instruments and software used for measurements in high-voltage impulse tests -
Part 1: Requirements for instruments

Digital recorders for measurements in high-voltage impulse tests -
Part 2: Evaluation of software used for the determination of the parameters
of impulse waveform

Determination of transformer and rector sound level - User guide
Sound level meters
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(32] IEC61083-1, (2001)  Digital recorders for measurements in high-voltage impulse tests -
Part 1: Requirements for digital recorders
(3] IEC10832  (1996)  Digital recorders for measurements in high-voltage impulse tests -
Part 2: Evaluation of software used for the determination of
the parameters of impulse waveforms
[34] IEC 61181 (1993)  Impregnated insulation materials - Application of dissolved gas analysis
(DGA) to factory tests on electrical equipment
[35] IEC60052  (2002)  Voltage measurement by means of standard air gaps
|[EEE / ANSI Standards
[50] ©57.12.00  (2000)  |EEE Standard General Requirements for Liquid-Immersed Distribution, Power,
and Regulating Transformers
[51) C57.12.90  (1999)  |EEE Standard Test Code for Liquid-Immersed Distribution, Power, and
Regulating Transformers
[52] (C57.92 (1981)  Guide for Loading Mineral-Oil -Immersed Power transformers up to and
including 100 MVA with 55°C or 65°C average winding Rise (ANSI)
[53] Std4 (1985)  IEEE Standard Techniques for High Voltage Testing
[54) ©57.1280  (1978)  IEEE Standard Terminology for Power and Distribution Transformers
[55]  C57.98 (1993)  IEEE Guide for Transformer Impulse Tests
[56] C57.113 (1991)  |EEE Guide for Partial discharge Measurements in Liquid
Filled Power Transformers and Shunt Reactors
[57) (C57.123 (2002)  IEEE Guide for Transformer loss measurement
[58) (C57.98 (1993)  Guide of impulse testing techniques, interpretation of
oscillograms and failure detection criteria
59) S1.4 (1983)  American Standard for Sound Level meters *(Reaff 1997) ISO Standards
[70] IS0 3746 (1995)  Acoustics, Determination of sound power levels of noise sources using sound
pressure - Survey method using an enveloping measurement surface
over a reflecting plane
Books
[100] D.J. Kraaij,G.S. Schemel, FM. Wegscheider: Die Prifung von Leistungstransformatoren.
Buchverlag Elektrotechnik 5001 Aarau/Schweiz 1983
[101]  IEC multilingual dictionary of electricity, 1983
[103] R. Richter: Elektrische Maschinen: Dritter Band. Die Transformatoren, Birkhduser Verlag, Basel, Stuttgart
[104] W. Nirnberg, R.Hanitsch: Die Prifung elekirischer Maschinen, Springer Verlag, Heidelberg, 7.Auflage, 2001
[105] G. Bertagnolli: Short-circuit Duty of Power Transformers, ABB Trasformatori, Legnano Milano) Italy, 1996
[106] Hochrainer, A: Symmetrische Komponenten in Drehstromsystemen, Berin / Géttingen / Heidelberg, Springer 1957
[107] Roeper, R.: Kurzschlusstrome in Drehstromnetzen. Siemens, Erlangen 1964
[108] J & P, Transformer Book, 12th edition, Newnes, Oxford, Boston,
Johannesburg, Melbourne, New Dehli, Singapur, 1998
[108] D. Kdnig, Y. Narayana Rao: Partial Discharge in electrical power Apparatus, vde verlag gmbh,
Berlin und Offenbach, 1993
[110] E. Kuffel, W.S. Zaengl. High Voltage Engineering Fundamentals, Pergamon Press, Oxford,
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[111] G, Lesch: Lehrbuch der Hochspannungstechnik, Springer-Verlag, Berlin, Géttingen, Heidelberg, 1959

[112] W. Schnorrenberg: Spektrumanalyse, VOGEL Buchverlag Wiirzburg, 1990[107)
Roeper, R.: Kurzschlusstrome in Drehstromnetzen. Siemens, Erangen 1964

Technical Reviews

[200]  A. Jenni, M. Pasquier, R. Gleyvod, P.Thommen: Testing of High Voltage Power Cables with Series Resonant
Systems and Water Terminations, Documentation Emil Hafely&Cie

[201]  CIGRE Working Group Report, Electra N°82, May 1982, pages 33 - 40.

[202] LEM NORMA, Power Analyzer D6000, 1996

[203] Widerstandsmessungen an Grosstransformatoren. Tettex Information 15 D/E 5-9.79

[204]  Kratzer, R.: L'impédance homopolaire des transformateurs, Bulletin Sécheron 1958, Nr 27 pages 23 - 32

[205] Schlosser, K. Die Nullimpedanzen des Voll- und Spartransformators.
BBC-Nachrichten, Bd.44(1962), Nr. 2 , Seiten78 - 83

[206] Christoffel, M.: Nullreaktanzen von Transformatoren und Drosselspulen,
BBC-Mitteilungen, Bd.52 (1965), Nr. 11/12, S 837 - 842

[207) V. Géfert, L.Adeen, M. Tapper, P. Ghasemi, B. Jonsson: , Dielectric Spectrocopy in Time and Frequency
Domain to Diagnostics of Power Transformers, 6th International Conference on Properties and Applications
of Dielectric Materials, June 21-26, 2000, X'ian University, China

[208) TETTEX A.G. ZURICH, Kapazitts- und Verlustfaktor (tg() Messbriicke, Typ 2809
[209] DOBLE Engineering Company, General Description and Technical Specification
of the Type M2H Test Set, M2H-1-881
[210] DOBLE Engineering Company, M4000 Insulation Analyzer User Guide, 72A-1230 Rev. C
[211] Woschnagg E.: Unsymmetrische Leistungsverteilung an leerlaufenden Grosstransformatoren
und Drosselspulen, Brown Boveri Mitteilungen 56 (1969), Heft 7, S 314 - 322
[212] Tettex Instruments AG: Partial discharge measuring technique, Information 21, TI21-d/e05.94

[213) J. Fuhr, B, Fruth, L. Niemeyer, D. Kdnigstein, M. Hassig, F. Gutfleisch: Generic Procedure
for Classification of aged Insulating Systems, International Conference on Properties
and Applications of Dielectric Materials (ICPDAM), Tokyo, Japan, 1991

[214] J. Fuhr, M. Hassig, P. Boss, D. Tschudi, R.A. King: Detection and Localication of Internal Defects in
the Insulation of Power Transformers, IEEE Transaction on Electrical Insulation Vol.28, No.6, 1993

[215]  B. Fruth, J. Fuhr: Partial discharge pattern recognition - a tool for diagnosis and monitoring of aging,
CIGRE Session, paper 15/33-12, Paris, France 1990

[216] J. Fuhr: Non-standard PD-measurement-tool for successful PD-source identification in the laboratory, to be
published at Xllith International Symposium on High Voltage Engineering (ISH), Delft, the Netherlands, 2003

[217] LE. Lundgaard: Partial Discharge - Part XIV: Acoustic Partial Discharge Detection -
Practical Application, IEEE Electrical Insulation Magazine, Vol.8, No5, 1992

[218] T. Bengtsson, L. Ming, M. Leijon: Partial Discharge Studies using Acoustical Emission,
Proceeding of NORD-IS, Vaasa, Finland, 1994

[219]  J. Fuhr: Analyse von TE-Messungen an Transformatoren im Labor und vor Ort;
Highvolt-Kolloquium, Dresden, Germany, 1997

[220] L. Niemeyer, B. Fruth, F. Gutfleisch: Simulation of Partial Discharge in Insulating Systems,
Vlith International Symposium on High voltage Engineering (ISH), Dresden, Germany, 1991

[221] R. Braunlich, M. Hassig, J. Fuhr, Th. Aschwanden: Assessment of insulation condition of large power
transformer by on-site electrical diagnostic methods, Conference Record of the 2000 IEEE International
Symposium on Electrical Insulation, IEEE Publication 00CH37075, pp368-372.

d 18 sl ygilo ghund] 5 s yay



)
™

“LO)}QMU
5 slo)g
C A8

15 dol bj‘g
)
Wt

o g
5 slaygilo,
35
Sy
yay




\WYA

AR

wa

vof

V.5

vy

e

VOY

Yo

wa

\ED

)Y

Yy

WY

--‘YY’

Yoo

WA

We NYF

WY

ARTA

AbA)

50

WY Y¥A

ATAN

vy

141

ARTA

(sl

portable ultrasonic detector
corona gun
PRPDA -Phase Resolving Partial Discharge Analyzer

DGA

strength

Ferranti effect
gradient

applied
superimposed
additive

starting electrons
time integral
PD-measurement

withstand

reproducibility

Highest voltage for equipment
top oll

off-load

PD-free

non-shielded

measuring tap

overshoot

power analyzer
magnetostriction
data processing
polarity
pre-magnetization

peak
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o characterization
VY testing transformer
FF. Q¥ starting transformer
Ve Regulating Transformer
V.5 type test

Yo aYsa.s  ACSD

Yoo temperature rise test
Yd.\-5 ... ACLD

\SY induced voltage test

YO < \SY Applied potential test

\.$ special test
Ty Ferro resonance
IRV resolution
Yas sound power
YA registered
9 shift
VoA compensation
Voo flashover
7Y digital data acquisition
Y. temperature rise
VFE constant spectral amplitude density
Yav Prescribed contour
3 power spectrum amplitude
\£5 RIV-meter
Y0 fan
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WY VAD

VEY (YFS

Ylf ¢ Y'A

YOV ¢ V¥4
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AT

Y.

\EY

\VEY

YOF

\EY

YoF

A

\ra

VWV

yyYY

YWYA

VWY

WY

yov

S|
phasor diagram

other

charge storage
Cooler

routine

de-trapping

rise-time

Standing time

low-voltage recurrent surge generator

to gate out

enhancement level

Lightning Impulse Withstand Level

Switching Impulse Withstand Level

sound power level

Basic lightning Impulse insulation Level

sound pressure level

Inductive

coarse or reversing change-over selector

Data Acquisition Systems
interleaved winding
common winding

bifilar winding

quasi — integration
quasi-peak detection
sound intensity

normal sound intensity
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\tas
AR

\EY

VEA
Yo
VEA

VEA

siSl

integrity
field emission

measuring surface

principal radiating surface

chopped wave
form factor

scale factor

design

impulse capacity

major insulation

triangulation
power frequency
cut-off frequency
sound pressure
active

band—pass filter

wide band pass filter

test code
Montsinger law

voltage crest

solidly
subtractive
coarse/fine

on-load-tap changer
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Yai

WY

Wy

quadrature controlled
cross-coupling

solidly

chopping gap

time resolved

medium

specification
psophometric

r.m.s

chopped wave on the tail
Front chopped wave
wall wave

full wave

hot spot

core-type

weighting
tap position
rated withstand voltage
reduced voltage
Radio Interference Voltage (RIV)

flashover-voltage
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