MV/LV transformer testing instructions

Insulation resistance measurement e Winding resistance measurement
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Typ T0d630/10 Liczba faz 3
Moc 1KVA) 630 Grupa policzen | Dyn5 s o
Napigcie GN [Vl 10500 recu. +2,5% -3x2,5% L1G-1L2G
Napiecie ON IV 400 \ e
Prad G [A] 34,64 Prad DN [A] 909,33 “N°— 5
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g’ Rok 1999  {Masaoleju [kg) 330 Wedtug Norny PN-83/E-06040 13D L2DLID N
8 Ne 37753 ]Olej TECHNOL 2002
Key
D delta connection, high voltage side d delta connection, low voltage side U, rated voltage of HV side
Y star connection, high voltage side y star connection, low voltage side U, rated voltage of LV side
D zigzag connection, high voltage side z zigzag connection, low voltage side lew  rated current of HV side
N neutral conductor, high voltage side n neutral conductor, low voltage side I, rated current of LV side

n+30° angular displacement of the low voltage side
vector in relation to the high voltage side vector
n hour displacement — multiplication of the angle of 30°
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Insulation resistance measurement

Prepare for
measurement

@ Carry out
visual inspection

Earth the trans-
former before
measurement

@ Connect the meter
to the transformer
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Earth the transformer.

Determine the transformer winding temperature ©:

= 10-15 hours after filling with oil or de-energisation

= with a thermometer (measurement at the 2/3 of the tank height) or

= using resistance method (measurement of average winding temperature) or
= with a thermal imaging camera.

% Carefully clean the insulators.

If it is possible to change voltage at the HV taps, they must be set at all three HV windings.
Otherwise balance current causing demagnetisation of the transformer core will flow through
the windings.
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LV winding relative to the HV side and the tank

HV winding relative to the LV side and the tank
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HV winding relative to the LV side (with shield)

HV+LV relative to the tank earth




Insulation resistance measurement
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Reference temperature is 30°C. Resistance is converted according to the following dependence:
Convert the result Reogoes = K Reso
to reference tem- @ where:
perature * Risoorc, resistance converted to reference temperature,
=k, correction factlor depending on winding temperature 0 (step (1)),
"Rgoe Measured resistance.
The correction factor k, can be determined using the following table.
erc] 0 5 10 15 18 21 24 27 30 33 36 39 42 45 50 55
k-] 025 0.32* 0.39* 050 0.57 066 076 0.87 10 114 132 152 174 20 2.52* 3.18
* indicative value
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Insulation resistance measurement

©®
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Evaluate the results

Set the date for sub-
sequent testing

GROUP |

Insulation resistance between:

= windings and earth ~ R,g 5., > (1/C)-1000 MQ
= windings R g B (5/C)-1000 MQ
where:

«C system capacitance [nF]

GROUP II

Insulation resistance between:

* windings and earth  R,g ;.0 > 70 MQ

= windings 1so@oecy = 150 MQ
GROUP Il

Insulation resistance between:

= windingsand earth R 2 35 MQ

1S0(30°C)

GROUP IV
Resistance for transformers:
= U >10kV Rlso(sooc) >20 MQ
= U s10kV — 15 MQ
...except for cast-resin transformers where:
= HV/LV system, HV/earth >1000 MQ
= LV/earth system >20 MQ
DAR - RISO_GOs
standard 1 R
1SO_30s
DAR . Fisoe _ DAR
standard 2 R - from
1SO_15s acceptance
tests
DAR RISO 300s
standard 3 R
1SO_60s

The results should be compared to the historical test reports, including the manufacturer’s tests.

= In 2 years?
= In 5 years?

= According to the manufacturer’s recommendations?

= Specific case? (For example after a month-long downtime.)



Winding resistance measurement

Prepare for
measurement

@ Carry out

visual inspection

@ Earth the trans-
former.

Identify the trans-
@ former connection

system.

@ Connect the meter
to the windings

l Earth and decouple the transformer.

has no influence on the measurement result.

Determine the transformer winding temperature O:

= 10-15 hours after filling with oil or de-energisation,

= with a thermometer (measurement at the 2/3 of the tank height) or

= using resistance method (measurement of average winding temperature) or
= with a thermal imaging camera.

% Carefully clean the transformer terminal at the connection, so that contact resistance

Identify the winding material.

™)

= Resistances with the possibility to be measured: R, R, R Ry Ry R
= Resistances to be determined: R, R , R . In the delta and star without N they should be calculated.

a’ b’
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Winding resistance measurement

q_f' Temperature compensation
@ Enter'measurement 1 - peasuroment mode |§‘ Ambient temperature
setpoints » One-way measurement emp
Inductive @@ » Algorithm < 44 ltem/winding temperature
bject
HEnsus e = Maximum measurement a  Winding material or its temper-
C:c”Lent (mdqx. 15% of |, ature coefficient a
of the winding) |J‘ Reference temperature
“p Inductive object measurement = | # . 12:22 2017.12.06
G\ Measure point 2
@ Start measurement | { Q T d
o=1. =
and read the results @ Nl =TT
‘ST/A;lT l=1A AU=1.195V 1A v
e ) = RF=1.1471 Q *14Q
= RR=1.1473Q A 2080
a=0.00386 K
@T1=30°C ¥ To=20"C
% W f
Obtain windin
; g ¢ 2R, R R, R, R,
resistance R = UV WV - UV WV
@ Ry tRyyRyy 2
R = 2.RUW.RWV _ RUv"'va'Ruw
b RywtRywRyy 2
R - Z'RUW'RUV i Ruw"'Ruv'va
¢ RywtRyy Ry 2
| StarwithoutN

RUV+RWU-R'VW

Ra = 2
B RUv"'va'Rwu

Rb = 2
RWU+RVW-RUV

R e = 2

Measurements of all transformer windings should be performed
on all tap changer steps.
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Winding resistance measurement

©®

Evaluate the results

Set the date for sub-
sequent testing

For each tap the results should meet the following criteria:

R, =(100% £5%)R .
R, =(100% % 5%) R, ...
R_=(100% £ 5%) R

c_factory

R + +R
Ra - (100% + 3% ) a_factory Rb_f;ctory c_factory

Rb = (100% + 3% ) Ra_factory+ Rb_factory+ Rc_factory
3

Rc - (100% + 3% ) Ra_factory+ Rb_factory+ Rc_factory
3

= In 5 years?
= According to the manufacturer’s recommendations?
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Appendix 1 | Example transformer test report

SYSTEM ” -
m | zeomen PROTOKOL. PROB TRANSFORMATORA
ISO 9001 ZAKLAD TRANSFORMATOROW
V DZIAL KONTROLI JAKOSCI
Typ TOd 630/10 [N fabr. 37 753 Zlecenie  (DT040-902553/1 |
Moc 630 kVA Rok prod. 1999 Praca C
Napigcie GN 10 500 |V Grupa pol. Dyn5 Czgstotliwosé 50 Hz
Stopnie reg.  [+2,5-3x2,5 |[% Prad GN 34,64 |A Temp. otocz. 40 |°c
Napigcie DN 400 A% Prad DN 909,33 |A Chlodzenic | ON-AN
Masa calk. 2000 |kg Masa cz.wyjm| 1345 |kg Masa oleju 330 |kg
Norma PN - 83/E - 06040 |Poziomizol. [ LI75AC28/AC2,5 | Napicciezw. | 6,12 |%
1. Rezystancja uzwojen [Q|w temperaturze 20 ’'c 2. Rezystancja izol. [MQ]w tem 20 °C
Uzwojenie| Zaczep 1U1vV 1U1W 1VIW s";’_"z': i Megaomomierz 2,5 KV
1 1,59 1,59 1,59 2,38 Reo Rs Reo/Ris
2 1:55 155 1:35 232 G-D.Z 15290 [ 10670 1.43
GN 3 1,51 1,51 1,51 2,27 D-G,Z 16 540 | 8340 1,98
4 1.47 1,47 1,47 2:21
5 1.43 1,44 1,43 2:15 Transf. napeln. olejem Technol 2002
DN - 2N2U 2N2V 2N2W - 3. Badanie oleju:
= 0,0011 0,0011 00011 0,0011 | Olej speinia wymagania PN-83/E - 06040
4. Sprawdzenie przekladni i grupy polgczen
Zaczep 1 2 3 4 5 Avmax [%]|Stwierdzono grupe polaczen:
Un 26,91 26,25 25,59 24,94 24,28 0,2 Dyn5
5. Préba wytrzymalosci elektrycznej GN DN Wynik:
5.1 Préba napigciem doprowadzonym 50 Hz ; 60s | 28 | 2.5 |kv Pozytywny
5.2 Proba napigciem indukowanym. Zasilono uzwojenie DN napigciem 2 x Uy; 100Hz; 60s. Pozytywny
6. Proba stanu jalowego Zasilano uzwojenie DN
f Napiecie Prad Moc
2U2v 2U2w 2V2W Srednio 2U 2V 2W | Srednio z
Hz \ \% Vv Vv A A A A W
50 398 401 401 400 4,19 3,30 4,44 3,98 730
Qdchytka
Straty jalowe gw. 0,800 kW Straty jalowe zmierzone 0,730 kW 0,00 %
Prad jalowy gw. 040 %In Prad jalowy zmierzony 044 %In 933 %
7. Proba zwarcia pomiarowego: Zasilanouz  GN Zwarto uzw. DN Uyl 209
— f Napiecie Prad Moc
1U1V 1U1W 1VIW | Srednio 1U 1V IW__[Srednio b3
Hz \' Vv \% Vv A A A A W
50 531 535 534 533,3 28,80 28,80 28,60 | 28,73 4490
Odchylka
Straty obciazeniowe gw. 6,75 kW Straty obcigzeniowe zm 7,55 kW 11,89 %
Napigcie zwarcia gw. 6,00 % Napigcie zwarcia zm. 6,12 % 2,06 %
8. Sprawdzenie dzialania przelacznika zaczepow: Wykonano wg PN-81/E-04070.02  Wynik:  Poezytywny
9, Badanie szczelno$ci kadzi: Wykonano wg PN-81/E-04070.04 ~ Wynik:  Pezytywny
UWAGI: Transformator spelnia wymagania PN - 83/E - 06040
Zychlin, dnia 20 paZd=iernika 1999 . P—
-
Mierzvi: Zatwierdzil:
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