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Transzformator mérések — CIGRE update
Villamos szigetelések allapotfelmeéerése

XXIV. Szigetelésdiagnosztikai Konferencia

2026. Marcius 25-27., Bessenyei Gabor, Maxicont Kift.




' Torténelmi attekintés

* 1881: Lucien Gaulard és John Dixon bemutatjak az els6 kereskedelmi
forgalomban kaphato transzformatort Londonban.

+ 1885: A magyar mernokok Otto Blathy , Déri Miksa és Zipernowsky Karoly
fejlesztette ki a ZBD transzformatort, a valtdaramu technologia fontos
lepeseét.

- 1886: William Stanley megépiti az els6 kereskedelmi forgalomban kaphato,

zart vasmagos transzformatort a Westinghouse szamara, amely
kulcsfontossagu volt a nagy tavolsagu villamosenergia-elosztasban.

* 1890: Mihail Dolivo- Dobrovolszkij megépiti az els6 haromfazisu
transzformatort, amely a haromfazisu valtakozé aramu rendszerek magjat
alkotja. 1891: Az els6 nagy tavolsagu villamosenergia-atvitel haromfazisu
valtakoz6 arammal Lauffenbdl (15 kV/50 V) Frankfurtba.

- 1889: Sydney Evershed feltalalja a szigetelésvizsgalot
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Cigre TB962 — Transzformator karbantartasi utmutato

' Villamos meérések (2025)

* Aszigeteles allapotanak ismerete a villamosenergia-
technika kezdetei 6ta fontos tema.
* Akulonbozoé vizsgalati és merési modszerek
attekintése:
« Szigetelési ellenallas
Veszteségi tényezb mérése (tan 0) és kapacitas
Dielektromos frekvenciavalasz (DFR)
Részleges kisulés diagnosztika
Monitoring
* Részleges kisulés
* Online DGA

* Gyakorlati peldak

Typical Problem

Magnetic Circuit Integrity

Winding Geomeiry

Winding/Bushing Insulation

DGA Uszed as a Trigger for performing
Condition Based Electrical Testing

Winding/Bushing/OLTC Confinuity d

Fault Type PD

Fault Types T1, T2 or T3

Basic Electrical

‘Winding Ratio

Winding Resistance

Magnetisation (excitation) current
Insulation Resistance

Capacitance and DF/PF

Leakage Reactance

Core Ground Test

Advanced Electrical

Frequency Response Anahysis

Polansation/Depolansation

Frequency Domain Spectroscopy (FDS),
Dieleciric Frequency Response (DFR)

Recovery Voltage Method

Electrical Detection of PD

Acoustical Detection of PD

UHF Detection of PD

Frequency Response of Stray Losses .
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' Cigre TB 962 — Transzformator karbantartasi utmutatoé ( 2025)

. ATB445 (2011) feliilvizsgélata

« ATB 962 a kovetkez0 fejezeteket
tartalmazza:

- Javaslatokat tartalmaz a helyszini meresek

Karbantartasi strategiak
Transzformator alkatrészek
Karbantartasi intézkedések katalogusa
FO6 munkak (javitasok stb.)

elvégzésere vonatkozoan

Alapveté villamos mérések
Fejlett villamos mérések

A 2 Power transformers

and reactors

Guide for transformer maintenance
2025 Edition

@ Ci TECHNICAL BROCHURES
v gre May 2025 - Reference 962
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Szigetelési ellenallas (IR)

Table 37: Insulation Resistance

Detectable
failures

Insulation deterioration or failures in the windings or core earthing

 Vizsgalati modszer

Egyenfeszultségi forras (tipikusan 1-5kV)
Feszlltség és szivargasi aram meérese

JO szigeteléssel az aram csokken.

A szigetelési ellenallas kiszamitasa

A szigetelési ellenallas iddvel novekszik.
Meérési id6 napldzassal

o Kiértékelés

>1GQ20°C-on és > 72,5 kV-on
> 500 MQ 20 °C-on és < 72,5 kV-on

* Megjegyzesek

Indication

Buchholz relay alamm or trip, DGA

Test method

A high DC voltage (typical values are 1 kY up to 5 kV) is applied to the winding
under test. The insulation between core and tank can also be wverified by this
measurement. The leakage current is measured and the insulation resistance
calculated and indicated by the instrument. As thizs measurement uses a DC
voltage, the measurement cannct be compared with AC losses that comprise of
polarizafion losses and capacitive coupling though the insulation. The temperature
can affect the measurement resulis.

Measurements for insulation between all different voltage levels should be carried
out, winding to ground and between each windings. Therefore, normally all
bushings of the same voltage level are short-circuited:

2 winding fransformer: Ca, Ch, Co
3 winding transformer; Cac, Cw, Cwr, Co, Cur, Cr

e

The test voltage and temperature must be recorded.
As the curment typically will get smaller with ome (compare FLUC measurement) also
the test time must be recorded.

Reference

Test report, fingerprint measurements, comparison to identical units

Interpretation

Transformers with rated voltage above 72,5 kY class: =1 GO measured at 20°C
Transformers with rated voltage up to 72,5 kY class: =500 MO measured at 20 °C

 FDS (DFR) mérés nedvessegtartalom-elemzéshez

* Ne mérjunk szigetelési ellenallast kozvetlenil az
RVM, PDC vagy FDS (DFR) elétt!

« HO&mérseéklet-korrekcio végrehajtasa

5

Comments

- Another way of measuring Insulation Resistance is to measure the Polarization
Index (Pl) by measuring the resistance after 1 and 10 minutes of voltage
application and to calculate the ratic between these two values. The Pl was
introduced fo detect moisture in the winding insulation of rotating machines. For
the complex gil-cellulose insulation system of transformers the Pl results can be
misinterpreted.

- FOS/PDC and DFR measurements are preferred for quantitative assessments of
the moisture in the insulation

- The measurement of the insulation resistance can influence RVM, POC and DFR
measurements, if they immediately follow the Insulation Resistance fest




' Guard csatlakozo

A szigetelési ellenallas a kovetkezAkbdl all:
« Szigetelési ellenallas — amit keresunk
 Fellleti ellenallas — Parazita hatas

Feluleti
szivargdaram \

"\

FelUleti szivargéaram kikerdli
a mérémlivet.

GUARD

Fellleti
szivargdéaram

é’




' Guard csatlakozé

» Guard csatlakoz6 (C ,és C | esetén )

CH . HL L




Cigre TB962 — Transzformator karbantartasi utmutato
Villamos mérések (2025)

. ., . v e, Winding Ratio I- i
= Szigetelési ellenallas  indig Roseis -
i o i — — - -
- C s tan 6 meérés E Magnetisation (excitation) current
Ll
= Dielektromos frekvenciavalasz (DFR) i
o . . Leakage Reactance .
= Részleges kisulés diagnosztika Core Ground Test .
. . Frequency Response Analysis . LR
= Monitoring

= Reészleges kisulés
= Online DGA

Advanced Electrical

Frequency Response of Stray Losses L
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Kapacitas és vesztesegi tenyezo (tand)

Table 38: Capacitance and Dielectric Power/Dissipation Factor

« Eszlelhetd hibak

« Vesztesegi tényezs: Szigetelési hiba, szigetelés

szennyezddese
Kapacitas: Geometria valtozas

e Gyakran rutinszerl merés

* Vizsgalati modszer

AC feszultseg (tipikusan 10kV),
halozati frekvencia (50Hz)

Néhany teszteszkoz csokkentett feszlltségen is
képes frekvencia-sweepet végezni.

Az Osszes szigetelési elrendezeés mérese
A homeérseékletet korrekciot kell alkalmazni

Detectable
failures

- Dielectric Dissipation Factor or Power Factor: Insulation failures, contamination
of insulation liquids with particles, acids, water in solid and liquid insulation,

- Capacitance:
- Winding to winding: change of the geometry between windings due to high
cumrents or mechanical damage
- Winding to ground: change of the geometry between winding and ground
due to high curments or mechanical damage
- Core to ground: change of the core position to the tank due to mechanical
damage

Indication

Maoisture, tests on regular bases

Test method

A sinusoidal HV AC source (preferably with variable frequency) is connected to
the test chject in parallel to a low loss reference capacitor. The cuments through
the test chject and through the reference capacitor are measured and the fime
difference between their zero crossings is determined. The loss angle delta can
be calculated from this time difference. Nomally this test is done at line
frequency (50 Hz/60 Hz) and 10 kY for on-site measurements, but do not exceed
withstand voltage. Some test sets allow a frequency sweep fo be performed at
reduced voltage (eg 140 V).

Measurements for insulation between all different voltage levels should be camied
out. Therefore, normally all bushings of the same voltage level are short-circuited:

2 winding fransformer: Ca., Ch, Cu
3 winding transformer: Cuy, Cu, Cer, Co, Cur, G

The temperature of the ingulation must be recorded.

Megger.




Kapacitas és veszteségtényezo (tand) - TB 962 38. tablazat

« Referencia: Trendelemzes,
osszehasonlitas azonos préobatarggyal

* értelmezés
* Normalis esetben 0,5% koruli tartomanyban

* Az 1%-nal nagyobb értékeket meg kell
kérddjelezni (50 Hz)

* 1 Hz-es értékek is hasznalhatok kiertékelésre
(>1,75% - tovabbi mérések szukségesek )
« HOmeérsekletfuggés (20°C)
« A méreési eredmeny nagymertékben
hémérsékletfliggb.

* Az 0sszehasonlithatosag csak azonos
homeérsékleten lehetseges.

« 20°C-ra val6 konverzid szukséges.

Reference

Test repont, fingarprint measurements, trend analysis, comparison to identical
units

Interpretation

For measurements on windings, values are nommally in the order of 0.5%. A
measuremeant higher than 1% is questionable.

mineral oil filled transformer rated voltage above 72,5 KV class
As new zood Apged Investigate
1Hz =0,5% 0510% |1,0-1,75% |=1,75%
o0/60Hz  [=0.3% 0305% |0510% [=10%

Comments

- The dizsipation factor varies with temperature. Comparison of two measurements
made at different temperatures should be made with caution.

- Tahle of corraction factors may be available from equipment manufacturers and

test eguipment manufacturers to allow the measurements made at different
temperature to be converted to measurement made at 20 °C. These comection
tables do not cover temperatures below 0 °C.

- Measurements performed at temperatures around 0 °C may be affected by

condensation if extemnal insulators are part of the test ohject.

- Tests can be performed below 0 °C and are still valid, but will not detect free water

if present in the test object as ice losses are significantly lower than free water
losses and considering that free water below 0 *C will be in its solid phase (ice).

10
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Kapacitas és tand 54-es tablazat

Table 54: Capacitance and Dielectric Power/Dissipation Factor on bushings

Atvezetdszigetldkre vonatkozo ,kiiszobértékek”

Detectable
failures

- Bushing Capacitance: Partial breakdowns between capacitive grading layers

- Dielectric Dissipation Factor or Power Factor: Insulation failures, contamination of
insulation liquids with particles, acids, water in solid and liquid insulation, partial
discharges due to bad contacts on bushing test tap, breakdown in bushing
condenser layers

Indication

Meisture, tests on regular bases

Test method

A sinusoidal HY AC source (preferable with variable frequency) is connected to the
test object in parallel to a low loss reference capacitor. The currents through the test
object and through the reference capacitor are measured and the time difference
between their zero crossings is determined. The loss angle delta can be calculated
from this time difference. Mormally this test iz done at line frequency (S0Hz/60Hz) and
10 kV for on-site measurements, but do not exceed withstand voltage. For the
frequency sweep a reduced voltage (eg 140Y) can be applied.

The temperature of the insulation must be recorded.

A voltage sweep (tip-up test) could give additional information.

Reference

Test report, fingerprint measurements, trend analysis, comparison to identical units
Mameplate values for bushings

11

Interpretation

All given reference values are valid for capacitance C,. Limits for the maximum
permissible change tend to be manufacturer and type specific. However, guidance is
given for dissipation/power factor by IEC and |IEEE standards:

Typ RIP OIP REF
Resin il )
Insulation Impregnated | Impregnated ResﬁaBOMEd
Paper Paper per
ﬁEéﬁEﬁﬂ =07%* =07 %* <15%*
ey | <osswr | <osw% | <2we
Typical new values D3-04%* |02-04%"| 05-06%"

*at S60 Hz and 20 °C

Besides the absolute DF value also the relative change compared to initial value can
e used for assessment (TBYSS, Table 5.2.2.2.2: OIP and RIP bushing condition
decision making limits based on the relative tand change compared to the nameplate
or initial value, at a reference temperature):

Bushing condition
Good Moderate Severs Extreme

QIP tand relative change | Upto 1,33 [ 13410 166 167t02 Above 2

RIP tand relative change | Upto 1,25 | 1261015 | 1.511t01,75 | Above 1,76

Good: Good or normal condition. All activities according to regular interval.

Moderate: Moderate deviaton. Perform  wvisual inspection, take additional
measurement within 1 year. Confinuous monitoring is suggested.

Severe: Severe deviation. Perform wvisual inspection, take additional
measurement whitin 1 month. Continuous monitoring is suggested.
Congzider remaoval from service.

Extreme:  Extreme deviation. Remove from service, or service may be prolonged
for a short period (i.e. month) with continuous monitoring applied.




Kapacitas és tand - TB 962 54. tablazat

- TB 962 54. tablazat

TBT35 gives values for the change of capacitance at different voltage levels (Table

16 5.2.2.1.1; Approximate capacitance change comresponding to short-circuited adjacent
. electrodes that make the capacitance fo increase, for fine graded bushings with main
F ij —10U electrode technology versus vanous system voltages Un):
_E;' 10 Vv U KV RIP capacitance OIP capacitance
= g o change, % change, %
2 & —_— 125 12 5.8
ic"_ 4 123 i1 438
7 245 42 27
2 2 420 26 17

0 550 19 13

1.0 10,0 100.0 800 13 03

Frequency [Hz]

Comments This is the most common technigue for azsessing the bushing condition.
Figure 24: Dissipation/Power Factor Measurement on OIF Bushings at Different Frequencies The dlS-SIDﬂtIOﬂ factor varies with temperature The assessment criteria are DI'I|'_I.I' walid
As a guide, indicative limits for Dissipation/Power Factor for bushings at frequencies of 1 Hz, 15 Hz and for measurement results at 20 °C. If measurement at 20 °C is not possible an

50460 Hz are given in Table 55. individual temperature comection is recommended.

If a change in capacitance andlor dissipation/power factor is indicated on an OIP

Table 55: Indicative DF/PF Limit Values for Condenser Bushings bushing an analysis of the insulation oil iz recommended.

— R PI T e o PI _ — RBF’I — Leakage currents across fhe surface of the outer insulator (porcelain or silicone) may
xcetlent | Investigate | Excellent | Investigate | Excelie nvestigate also have some influence, particularly if the surface is ditty and wet. In case of

1 Hz =04 % >1,05 % =04 % =1,25 % =00 % =25 % & Infuence, )
15 Hz =0.6 % =05 % 0.7 % unexpectedly high dissipation/power factor values, the bushing should be cleaned
S0/60 Hz =05 % =1 % =05 % =1% =0,1% =2 % before the measurement is repeated. For silicone composite bushings, the cleaning

ingtructions of the manufacturer should be followed, because some cleaning
chemicals can damage the silicone.

Additionally, a collar which iz connected to the guard circuit can be used to suppress
the influence of the surface current. With a “hot-collar’, the capacitance and
dissipation/power factor of the inzulation between the collar and the grounded centre
conductor can be measured. This technique can be used to detect local faults in
bushings or low oil level in ol filled bushings.

12 Megger-.



Egyéni homérséklet-korrekcio (ITC)

= A vesztesegi tényezd ( tand) hédmérseékletfuggo.

= Az Arrhenius-egyenlet segitseégevel a frekvenciavalaszt hOmersekletvalaszra
lehet alakitani.

E,(1 1
L=lnf3—lnf1=—k T,,_Tl

B

= Ez az

= E _a szigetelGanyag aktivalasi energiaja elektronvoltban,
= Kk ga Boltzmann-allando (8,167 x 107° eV/K) és
= T a targy hdmérséklete Kelvinben.

= Amodszer lehetove teszi a merés barmely hOmersekleten torteno
korrekciojat egy referenciahémérsekletre (20°C).

= Két modell kaphato: egy egyszeru (ITC1) és egy két anyagbdl keszult
szigeteléshez (ITC2).

3 Megger.



' DFR-relacidé - ITC

= A Tan 6 a h6mérseklet, a frekvencia, a geometria stb. fuggvenye.

= A megvalositas szempontjabol a geometriat es mas tenyezoOket allandonak kell
tekinteni.

= Ennek megfelelden a frekvenciatartomanybol meért adatok atalakithatok
hémeérseklettartomanvba:

16 1,4
14 1,2
1.2 1
X 1 S
s ° 0.8
o 038 o
=] — = 0,6
| =) — c
s 0 2 0z _ "
OA = — s
X
2 0,2 0,2
o
=
&= 0
tgﬂ 10 20 30 40 50 60 0,1 1 10 100 1000 10000
E Temperature [°C] Frequency [Hz]
“\Q
E
ﬁ —8—\Wet —@—Medium -Dry —8— \Wet Medium Dry

» Megger.



' Egyéni homérséklet-korrekcio (ITC)

= Példa RIP megvaldsitasra, 245kV,
= 20°C, 37°C, 45°C, 54°C, 71°C és 85°C hémersekleten végzett mérések

100 T Ty T 10 -
i i i . - e - L 2000 100 ey 10
| i | ] F i ; ; : i i J A--C1-20
i i « == G1-37T"C [ | j j
a: g RGO 0 Q0 OO QU K O 0 > | P , o i -«[@--C1-37°C
-0 1 | | | | i i 1
10 3 .....E.........é...........é...........é.....................é..........E......... 1 -54
= oy @--Cc1-71°'C * F Y
& n _ _ = g |-we- Cl1-71°C
2 = - ---C1-B5°C 5 =
i i w =
g 2 g 2
-:E 3 —— PF{%) - 20 °C E 0
—a— PF{%) - 20 °C
& PF{%) - 37 °C 1
—m— PF{%) - 37 G
—m— PF(%) - 54 7
—a— PF(%) - 84 °C
—— PF{%) - 71 °0
— . i i i i i i ——PF{%%) - 717C
" R P - —— PF{%) -85 "C 0.1 v ool vvomed b oveeoed v osvinel voeiueal el b osiinml 6 osiuee 10 0
10 100 1000 107 L0001 0.001 E£1 0.1 . 1 10 100 1000
Frequency [Hz] requency fiz]
Figure B.A—Measured DFR results of  new 245 kV RIP bushing at 20 °C, 37 °C, 45 °C, 54 °C, Figure B.5—Temperature-corrected DFR results of the new 245 kV RIF bushing

71 *C,and B5 *C, respectively

- IEEE C57.12.200-2022 szabvdny: Utmutatd a perselyek DFR-méréséhez M eg g er.



A tand értékelési kritériumai (%DF)

oip OIP < 200 kV OIP >200kV RIP <200kV RIP >200kV RBP Megvalositas,

transzformator | megvalodsitasa | megvaldsitasa | megvaldsitasa | megvalositasa | megvaldsitasa altalanos
DF/PF @50/60Hz, 20°C
Kivalo <0,4 <0,5 <0,5 <0,5 <0,5 <1 <0,5
J6 0,4-0,5 0,5-0,7 0,5-0,7 0,5-0,7 0,5-0,7 1-1,5 0507 |
Oregedett 0,5-1 0,7-1 0,7-1 0,7-1 0,7-1 1,5-2 0,7-1
Rossz >1 >1 >1 >1 >1 >2 >1
DF/PF @1Hz, 20°C
|Rossz <0,2 <0,2 <0,2 <0,2 <0,2 <0,4 <0,2
Kivalo 0,2-0,5 0204 | 0204 | 0204 | 0204 | 0409 | 0204 |
Jo 0,5-1 04075 | 04075 | 04075 | 04075 | 09175 | 04075 |
Oregedett 1-1,75 0,75-1,25 0,75-1,25 0,75-1,25 0,75-1,25 1,75-2,5 0,75-1,25
Rossz >1,75 >1,25 >1,25 >1,25 >1,25 >2,5 >1,25

C valtozas 50/60 Hz-en

<-4% vagy >4%

<-4% vagy >2%

<-4% vagy >4%

<-4% vagy >2%

<-4% vagy >10%

<-4% vagy >4%

DF/PF valtozas, 20°C

Kivalo 20% 20% 20% 20% 20% 20%
Jo 50% 50% 50% 50% 50% 50%
Oregedett 100% 100% 100% 100% 100% 100%
Rossz >100% >100% >100% >100% >100% >100%
. Megger.



' DFR - Torténelem

1990; Az ABB els6 eredményei a szigetel6banyagok dielektromos reakcioinak
meéreésében (NORD-IS 1990)

1993; Dr, Peter Werelius megkezdi az elsé frekvenciaatviteli mérésekre szolgalo
terepi miszer fejlesztéset.

1995; Elérhetdve valik az els6 DFR-hez hasznalt terepi mlszer (IDA)

2004; CIGRE 254. szamu jelentés: , Dielektromos valaszmodszerek ...~
Diagnosztika ,A teljesitménytranszformatorok diagnosztikaja.’ (Dielektromos
reaKciomodszerek transzformatorok diagnosztizalasara) cimi konyv megjelent.

2006; A REDIATOOL projekt jelentése a CIGRE-nek; A DFR-t a'é)nlg'ék a
transzformatorok nedvességvizsgalatanak valasztott mddszerekent.

2009; CIGRE 414. szamu jelentés ,, Dielektromos valasz diagnozisok mert ]
transzformator tekercsek ,,iTranszformator tekercsek dielektromos reakciovizsgalata)
cimU konyv megjelent

2013: IEEE C57.152 G. melléklet, dielektromos frekvenciavalasz
2018: IEEE C57.161 ,DFR-tesztelési utmutato”

2025: Megjelenik a CIGRE TB962, , Transzformator-karbantartasi utmutatd” (az
FDS/DFR ,Specialis vagy halado merésekkent” szerepel ).

17
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' tand spektruma

NB DFR - keskenysavu DFR

DFR NB DFR

1000

100

10

Teljesitménytényez6 szazalékban

A4

0,1 %
0,001 0,01 0,1 10 100 1000

1 Hz

=o==TRANSFORMER

Halozati frekvencia
(50/60Hz)
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' DFR — Olaj -papir szigetelés

% Disszipacios tényez6

OIL ONLY TRANSFORMER PAPER ONLY
10000 100
1000 ¢ g
100 g \
g 10 S
10 8 \
® \
1 = NS
a NN
0’1‘0 a
0,012 =
S 0,1
0,00%, 0,001 0,01 0,1 1 10 100 1000
g00110 -
-4 Frekvencia [Hz]
% Frekvencia [Hz]
[}
a = PAPER ONLY
e =a==0|L ONLY 10000
1 1000 < \L\
E>’. 100 c,—e—@-\ \
5]
Zg L —~ |
0,1 g .
0,001 0,018 01 01 1 100 1000
= 0,01 Frekvencia [Hz] \\
’ \
0,001 =TRANSFORMER
0,001 0,01 0,1 1 100 1000

Frekvencia [Hz]
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Dielektromos frekvenciavalasz (DFR = FDS)

« Eszlelhetd hibak:

* A celluloz viztartalma
« Veszteségi tényezb (szigetelési hiba, a szigetelés

szennyezbdése)

* Vizsgalati modszer
* Veszteségi tenyez6 mérese, de:

« Valtakozo feszultseg (tipikusan 140V)
« széles frekvenciatartomany 1mH...1kHz

Két anyag (olaj és celluloz) alapjan modellezést végeznek
amely a lehetd legjobban megfelel a mért gorbének.

A szigetelbolajat a dielektromos teljesitmény es a
vezetOkepesseg alapjan modellezik.

A cellulozt valtozo nedvesseégtartalmu laboratoriumi mintal
mereseibldl szarmazo adatbazis alapjan modellezik.

Frequency Domain §

ectroscopy (EDS)

Detectable failures

Water content m the solid cellulose msulation of cil-paper msulation, msulation failures,
contamination of insulation liguids with particles, acids

Indication

High moisture in the oil, general assessment of insulation condition

Test method

The principle of this measurement 15 the same as Capacifance and DissipationPower Factor
described previously but differs by being applied at different frequencies, typically from 0.001 Hz
to 1000 Hz as shown in the following traces:

10 _ 100
moeisture of

cellulose, . £
agng | ol

{Toign _~ L
[ % high )
ﬂ lowi ‘\\ N

AY :) hY
low Y
=R 0.1 \

Dissipation factor

0.01

eometry

A .hmhﬂ 0.0 N

ol e
conductivity 'Wﬂ

moisture of

| celiviose
and aging

insulation

0.001 T
0.0001 0.001 001 01 1

0.001 - .
10 100 1000  0.0001 0.001 0.01 O
Frequency (Hz)

Figure 15; Frequency Domain Spectroscopy

10 100 1000
Frequency (Hz)

Reference

Motsture determination by modelling, comparison to fingerprint measurements, limits for dry,
moderately wet and extremely wet insulation are given in [EC 60422

Interpretation

Motsture determination is based on a comparison of the transformer’s dielectric response to a
modelled dielectric response. An algorithm rearranges the modelled dielectric response and
delivers moisture content and oil conductivity. A reliable moisture analysis of the onsite
measitements 1s based on matching them with a data pool for the modelled dielectric response.
The data pool consists of measurements on new pressboard at various temperafures, moisture
contents and oils nsed for impregnation. New procedures consider also the dielectric properties of
aged pressboard as well in order to compensate for the influence of aging. Once water content has
been assessed, refer to the limits for dry, moderately wet and extremely wet insulation provided in
IEC 60422.

Comments

The combination of time domain polarization current measurements with frequency domain
spectroscopy reduces the test duration compared to existing techniques. Essentially. time domain
measurements can be accomplished in a short time but are limited to low frequencies (typically
below 1 Hz). In contrast. frequency domain measurements are feasible for high frequencies as
well but take very long time at low frequencies.

Table 39: Frequency Domain Spectroscopy (FDS)
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' DFR — Transzformator tipikus gorbe
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' DFR - Transzformator XY modell 414

Dielectric Response Diagnoses

Y l _ Y For Transformer Windings
e(w, T = +
( : )(fuc“r 1 . X X 1 _ X X
+ +
g-ﬂm cer gbm'rf'er gm'f Sbﬂﬁ'fﬁ’-l‘ V;:tlt;:n?_r?:r: :)P
HV-winding
Barrier LY
Stlok April 2010
o il Sticks -
LV-winding Core .
Barriers X

A mag tipusu transzformatorok tipikus értékei:
X =% (15-55%)
Y = tavtartok vagy palcak %-a (15-25%)
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' DFR erosito , ha szukséges

= Alacsony frekvenciaju interferencia
= zaj arany -> magasabb merdéfeszultseg (1,4kV)

3
RIP 500 kV ~ 600 pF OIP 800kV

04 Megger.



' Osszefoglalas

* Kiprobalt és bevalt, valamint U médszerek A transzformatorok és atvezet6k
szigetelésének allapotfelméréséhez.

« Szigetelési ellenallas mérese: Helyes mérées GUARD csatlakozassal

* Veszteséqi tényez6 mérése (50 Hz, 10kV):
* A hdmérseklet befolyasolja a mérési eredményeket

- ADFR az egyik legjobb modszer a szigeteles oregedésenek
(nedvessegtartalmanak) meghatarozasara.

- 1 Hz és NB DFR:

« Ugyanaz a mérbeszkéz, mint az LF DF - egyidejiileg 50/60 Hz-es teszttel
* Nagyobb érzekenyseg alacsonyabb frekvenciakon
« Lehetbve teszi az egyedi hbmérséklet-korrekcios algoritmus (ITC) hasznalatat

25 Megger.



A transzformatorok meéréséhez hasznalt Megger miiszerek attekintése

nAtuteS| szilardsag
Veszteségi tényez6 X

Attétel X X X
DC tekercsellenallas X X X
EET o -3 1anDelta és kapacitas X X X
villamos gerjesztéa’ram X X X X
mérések [ _
rovidzarlati impedancia X X
Szigetelési ellenallas X X
Mag foldelés X X
Frekvenciaatvitel (SFRA) X
. Dielektromos frekvenciavalasz (DFR) X
egyéb
GIET W Erailel (DRM) X X
mérések
(FRSL) X X
Részleges kisulés (PD) X




Koszonom a figyelmet!

Megger.
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