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A& Test Certificate
Transformer tests

TEST LABORATORY E-11

Work No.: 0969547 Type: BTRZ 31 M-0 I Manufacturer: ETD TRANSFORMATORY ass.
Purchaser: JSC ,,APSVIETIMAS* Internal order No.: ;3100008833 6
Order No.: ME000110327 Register No.: ME000110327
Technical data
Winding: | Output [kKVA]: Voltage [V]: Current [A]:

1 25 000 115 000 £9x1,778% 126

2 25 000 38 500 £2x2,5% 375

3 25 000 11 000 1312
Standard: IEC 60076
Vector group: YNynOdl 1 Type of coolingg | ONAN/ONAF Sort of loading: S1
No. of phases: | 3 Rated frequency: | 50 Hz Insulation class: A
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Tests evaluation
The transformer complied to all tests, carried on according to IEC 60076.
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Work No.: 0969547 Type: ETRZ 31 M-0 |Manufacturer: ETD TRANSFORMATORY a.s,

Measurement of voltage ratio and check of phase displacement
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For voltage ratiot 115 £9x1,778% kV
38,5 £2x2,5% kV (tap.No. 3)
Connect. symbol corresponds: YNyn0
No. of tap: Winding [ V]: For voltage ratio: Failing of ratio [%]
A-0/Am-0m B-0/Bm-Om C-0/Cm-Om

1 133 402 3,465 -0,22 -0,26 -0,26
2 131 358 3,412 -0,23 -0,24 -0,25
3 129 313 3,359 -0,21 -0,26 -0,22
4 127 268 3,306 -0,20 -0,20 -0,23
5 125 224 3,253 -0,20 -0,22 -0,22
6 123 179 3,199 -0,14 -0,21 -0,19
7 121 134 3,146 -0,17 -0,19 -0,16
8 119 089 3,093 -0,16 -0,17 -0,18
9 117 045 3,040 -0,10 -0,17 -0,16
10 115 000 2,987 -0,11 -0,13 -0,14
11 112 955 2,934 -0,12 -0,12 -0,13
12 110911 2,881 -0,08 -0,11 -0,11
13 108 866 2,828 -0,07 -0,09 -0,08
14 106 821 2,775 -0,05 -0,07 -0,08
15 104 777 2,721 -0,01 -0,08 -0,04
16 102 732 2,668 -0,02 -0,04 -0,03
17 100 687 2,615 0,01 -0,01 -0,02
18 98 642 2,562 0,01 0,01 0,01
19 96 598 2,509 0,06 0,04 0,03
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Test Certificate
i oo S Transformer tests
Work No.. 0969547 Type: ETRZ 31 M-0 | Manufacturer: ETD TRANSFORMATORY a.s.

Measurement of voltage ratio and check of phase displacement

For voltago ratio: 115 £9x1,778% kV (tap No. 1 +16%)
11kV
Connect. symbol corresponds: YNd11
No. of tap: Winding [ V]: For voltage ratio: Failing of ratio [ %0]:
A-0/a-c B-0/b-a C-0/c-b
1 (+16%) 133 402 7,002 -0,17 -0,22 -0,17
For voltage ratio: 38’5 :|:2X2,5% kv
11 kV
Connect. symbol corresponds: YNd11
No. of tap: Winding [ V]: For voltage ratio: Failing of ratio [%0]:
Am-Om/a-c Bm-0m/b-a Cm-0m/c-b
1 (+5%) 40 425 2,122 0,19 0,16 0,21
2 (+2,5%) 39 463 2,071 0,08 0,08 0,11
3 (0%) 38 500 2,021 -0,03 -0,04 -0,03
4 (-2,5%) 37 538 1,970 -0,17 -0,16 -0,15
5 (-5%) 36 575 1,920 -0,29 -0,30 -0,29
Date; Testing engineer: Head of laboratory:
/ ETD TRANSFORMATORY a.s.
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Test Certificate

TEST LABORATORY E-11

Transformer tests

Work No.: 0969547

| type: ETRZ 31 M-0

I Manufacturer: ETD TRANSFORMATORY a.s.

Applied voltage test (AV)

On the tested winding is applied the voltage Utest. [kV] s f=50Hz ,t=60s against the tank and other windings.

Tested winding:

115kV

38,5kV

11kV

Testing voltage Utest. [kV] :

100 85

28

Choped wave lightning impulse test (LI, LIN)
Tested windings: 115 kV 115kV 38,5kV 11kV
Terminals: A, B, C 0 Am, Bm, Cm a, b, C
Testing voltage Utest [kV] . 550 250 185 75
Induced voltage test with partial discharge measurement (IVPD)
Rated voltage U, = 115 kV
— - — Lo — bt
jos )
Testing voltage El; 3 % S ) 2 <,
»phase — phase v —_ pis ™ i & <
Upeat, [kV]
46 138 182 230 182 80 27
2le|2 © ?j 2|2
Testing voltage 5 '\5 5 = =) ';5 o)
“ <t 0 =) o0 -,
phase - earth = N " < [y RS =
U/\3[kV] v — — — — v
27 80 105 133 105 13 4
Measured | €St time 60 | 300 | 48 3600 60 :
t [S] 300 600 900 1200 | 1500 | 1800 | 2100 | 2400 | 2700 | 3000 | 3300 | 3600
1U ﬁ,pcp]a"e"t charge | <10 | <10 <10 [ <10 | <10 | <10 | <10 | <10 [ <10 | <10 | <10 | <10 | <t0 | <10 | <10
\Y ﬁ‘)r(’%are"t charge | <10 | <10 - | <10 <10 <10 <t0|<10]<tof<t0]<t0]<io]<i0]|<i0]<0] <10
1w ﬁ)r(’;a"em charge | <10 | <10 <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10 | -
Date: Testing engineer: Head of laboratory:
ETTD TRANSFORMATORY a.s.
echnickd kontrola a zkusebna
Y = 2-
10.7.2020 Ing. Civi§ Ing. Langer
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Aa—AAn) g Transformer tests
Work No.: 0969547 Type: ETRZ 31 M-0 IManufacturer: ETD TRANSFORMATORY a.s.
Measurement of winding resistance
Quoted value of winding resistance R [€Q] at temperature 20 °C
Noofp €| A0 B-0 C-0 oot ™| Am-0 Bm-0 Cm-0
115kv/1| 1,228 1,230 1,228 38’15 (lfr\sfoé) 0,106 0,106 0,107
2| 1,202 1,204 1,202 | 2(+2,5%)| 0,104 0,104 0,104
3 1,176 1,178 1,176 3(0%)| 0,102 0,102 0,102
4| 1,150 1,152 1,150 4(-2,5%)| 0,100 0,099 0,100
5 1,124 1,126 1,124 5(-5%)| 0,097 0,097 0,097
6| 1,098 1,100 1,098
7 1,072 1,074 1,072 11kV/- a-b a-c b-c
8| 1,046 1,048 1,046 0,0125 0,0125 0,0125
9| 1,020 1,022 1,020
10 0,992 0,994 0,990
5 §§ 11| 1,020 1,023 1,021
i, 3% 12| 1,046 1,049 1,046
L 13 1,071 1,075 | 1,072
Eéﬂi: 14| 1,097 1,100 1,098
1,%85 15 1,123 1,126 1,124
;éEjg 16| 1,149 1,152 1,150
. 17 1,175 1,178 1,176
i 18] 1,201 1204 | 1201
siesd 9] 1,227 1,231 1,228
Date: Testing engineer: Head of laboratory:
= Ly |FTeImavsroruironyas,
g P -Q?Ia a zkusebna
10.7.2020 Ing. Civi§ Ing. Langer
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Transformer tests

TEST LABORATORY E-11

Work No.: 0969547

Type:

ETRZ 31 M-0

l Manufacturer: ETD TRANSFORMATORY a.s.

Measurement of d.c. insulation resistance each winding to earth, and between windings

Determination of capacitances windings-to-earth and between windings

Measurement of dissipation factor (tg 3) of the insulation system capacitances

Measured at winding temperature: 25°C

Measured at winding temperature: 25°C

Connection at measurement: Uy = 2500 Vpe Upest. = 10000 V/50 Hz
* remaining windings connected to transf, tank Rinsulating [MQ)] Connection at measurement: C [nF] tg & [%]
15s 60s [115kv-385kV 5,3 0,17
115kV /tank + * 13330 [ 15270 [385kv-11kv 10,5 0,20
38,5kV / tank + * 7220 | 9340 |115kV-tank 3,1 0,21
kv /tank + * 5640 | 9880 [385kv-tank 1,2 0,39
115 KV + 38,5 kV / tank + * 7970 | 13 140 |11kV -tank 9,8 0,36
15KV +11kV / tank + * 4660 | 6840
38,5kV+11kV / tank + * 9180 [ 11500
115KV +38,5kV + 11 kV / tank + ¥ 11 860 | 14 630
Check of core and frame insulation
Measured at oil temperature: 25°C
Us. = 2500 Vpc
Rinsulating [MQ]
15s 60 s
core / tank + frame 3 087 6 780
frame / tank + core 2754 | 5410
Measurement of dissipation factor (tg 8) and capacitance C of the bushings
Measured at winding temperature: 25°C
Terminal / Serial No. »A“ No. 19D4366 | ,,.B*“ No. 19D4367 | ,,C* No. 19D4368 | ,,0° No. 2083541
Connection at measurement: Utest Ci[pF] | tg8,[%] | Ci[ pF] | tg 8/[%] | Ci[ pF] | tg 8:[%] | Ci[ pF] | tg &;[%]
2kV 262,9 | 0,27 | 262,6 | 0,26 | 264,4 | 0,27 | 297,5 0,22
4kv 262,9 | 0,27 | 262,6 | 0,26 | 264,4 | 0,27 | 297,5 0,22
Terminal - Power factor tap | 6 kV 262,9 | 0,27 | 262,6 | 0,26 | 2644 | 0,27 | 297,5 | 0,22
8 kV 2629 | 0,27 | 262,6 | 0,26 | 2644 | 0,27 | 297,5 0,22
10kv | 262,9 | 0,27 | 262,6 | 0,26 | 264,4 | 027 | 297,5 0,22
Connection at measurement: Utest Cal pF] | tg 82[%] | Cal PF] | tg 8,[%] [ Col PF] | tg 82[%] | Cal pF] | tg 82[%]
Power factor tap - tank 2kV 514,1 0,27 | 489,7 | 0,24 | 463,5 | 0,27 | 322,1 0,48

Date:
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Testing engineer:
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TEST LABORATORY E-11

Transformer tests

Work No.: 0969547

Type:

ETRZ 31 M-0

I Manufacturer: ETD TRANSFORMATORY a.s.

Test of oil

Oil type: LYRA X tg 3 [%/90°C: | 0,026 | pv [GQmM/90 °C]: 241,6 & [-]: 2,12
Tr. tank: Water content in oil[ppm]: | 3 Up [kV/2,5mm]: | 83,8 [ [kV/2,5mm]: 6,0 Vi%: (7,2
Tap changer: | Water content in oil[ppm]: | 5 U, [kV72,5mm]: | 88,0 [ [kV/2,5mm]: 9,7 Vi%l: |11,0

Leak testing with pressure for liquid immersed transformers (tightness test)

The test carried out for 48 hours + 24 hours duration from last tigtness repair.

tank / external space .... with overpressure 40 kPa

Date: Testing engineer: Head of laboratory:
ETD TRANSFORMATC
ORY a.s.
%2‘> é/ Technick4 kontrofa a _-_,.__l:ir.,:: ®
o £ -2-
10.7.2020 Ing. Civi§ Ing. Langer
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Work No.: 0969547 |Type: ETRZ 31 M-0 ]Manufacturer: ETD TRANSFORMATORY a.s.

Measurement of dissolved gases in dielectric liquid

Detected gas unit | value 1 | value2 | value3
Oxygen (O,) ul/1 4 486 4 873 3685
Nitrogen (Ny) ul/l 9506 | 10412 | 8000
Hydrogen (Hy) ul/1 0,0 0,0 0,0
Carbon dioxide (CO») ul/1 79,9 99,5 93,5
Carbon monoxide (CO) ul/l 2 8,1 10,2
Ethylen (C;Hy) ul/1 2 31,9 22,5
Ethane (C;Hp) ul/l 0,0 0,0 0,0
Methane (CHy4) ul/1 0,0 0,2 0,2
Acetylene (CyH>) ul/1 0,0 0,0 0,0
Propylene (C3;Hg) pl/1 0,0 0,0 0,0
Propane (C3Hg) ul/1 0,2 4,4 3,9
Sum of hydrocarbons pl/1 2,2 36,5 26,6
Sum of combustible gases pl/1 4,2 44,6 36,9
Total gas content (Q) %vol. 1,41 1,54 1,18
Note:

value 1 — before tests
value 2 — after temperature rise test
value 3 — after tests

Measurement of no-load loss and current

ated not otherwise communicated to a third party
t explicit consent of the above Company to that ffect

hts to this technical document belong exclusively
Company ETD TRANSFORMATORY as

echnical document must not be copied,

Measured values: Guaranteed values:
53223 |Encrgized winding 11 kV tol.+30 % tol.+0 %
2eF<E U[V] u [%] To [A] o [%] APy [kW] io [%] AP, [kW]
12 103 110 2,4 0,18 18,1
11 556 105 1,3 0,10 15,1
11 000 100 0,9 0,07 13,1 0,2 15
10 455 95 0,7 0,06 11,5
9908 90 0,6 0,05 10,2
Date; Testing engineer: Head of laboratory:
% é/ ETT[;C':;RIANSFORMATORY a.s.
27 nickd kontrola a zkugebna
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v eomToRT a1 Transformer tests
Work No.. 0969547 Type: ETRZ 31 M-0 lManufacturer: ETD TRANSFORMATORY a.s.

Measurement of short-circuit impedance and load loss

Values for winding temperature 75 °C
Measured values: Guaranteed values:
AP+AP [tol£15% |[tol.+0% | tol.+0%
Powered winding: Shorted winding: For output: Ui APy > AP U APy > AP
Tap Nr.: e [SKVAL| [%] | kw] | kw1 | [%] | kW] | [kw]
115kV 1 38,5kV | 30%) [ 25000 |10,37 | 112,3
2 10,31 112,6
3 10,25 112,9
4 10,19 113,2
5 10,14 | 113,6
6 10,09 | 114,0
7 10,04 | 114,3
8 9,99 | 114,7
9 9,95 | 115,1
10 9,92 | 115,0 | 128,1 10,5 130 145
11 9,89 | 119,0
12 9,87 | 122,8
13 9,85 | 126,8
14 9,85 | 131,1
15 9,85 | 135,8
16 9,86 | 140,7
17 9,88 | 146,1
18 991 [ 151,8
19 9,95 | 158,0
115kV 1 38,5kV |1 (+5%)| 25000 | 10,46 | 110,6
10 10,02 [ 113,6 | 126,7 - - -
19 10,07 | 156,7
115kV 1 38,5kV [ 5(-5%) | 25000 | 10,27 | 114,9
10 9,82 [ 117,8 | 130,9 - - -
19 9,85 | 160,9
Date: Testing engineer: Head of laboratory:
/ ETD TRANSFORMATORY a.s,
% :%,/ Technlck4 kong?la a zkugebna
10.7.2020 Ing. Civi$ Ing. Langer

TRO008/03/RJ




All rights to this technical document belong exclusively
to the Company ETD TRANSFORMATORY as.

This technical document must not be copied,

duplicated not otherwise communicated to a third party
without explicit consent of the above Company to that effect.

11

@_T P ETD TRANSFORMATORY as. |t et
Zborovsk4 54/22, Doudlevce, 301 00 Plzeii, Cesks republika TKZ 20/103 A No. of pages: 14
Test Certificate
Transformer tests

TEST LABORATORY E-11

Work No.: 0969547

ETRZ 31 M-0

' Manufacturer: ETD TRANSFORMATORY a.s.

Measurement of short-circuit impedance and load loss

Values for winding temperature 79 °C

Measured values:

Guaranteed values:

APy +AP, | tol. tol.+0% | tol.+ 0%
Powered winding: Shorted winding: For output: Uk APy > AP Uk APy > AP
Tap Nr.: TapNe: [ S [KVA] | [%] [kW] [kW] [%] (kW] | [kW]
115kV 1 11kV 25000 (17,44 108,0
2 17,38 108,3
3 17,32 | 108,6
4 17,27 108,9
5 17,22 | 109,2
6 17,16 | 109,5
7 17,12 | 109,8
8 17,07 110,2
9 17,03 | 110,5
10 16,99 [ 110,5 | 123,6 |17,5¢7,5%| 125 140
11 16,97 | 1144
12 16,95 | 118,1
13 16,93 | 122,1
14 16,931 126,4
15 16,93 | 130,9
16 16,94 | 135,8
17 16,96 | 141,1
18 16,99 | 146,8
19 17,04 152,9
38,5kV |1 (+5%) 11 kV 25000 | 5,74 94,8
2 (+2,5%) 5,86 96,1
3 (0%) 598 | 974 110,5 | 6,5t15% | 106 121
4 (-2,5%) 6,11 98,9
5 (-5%) 6,26 | 100,0
Date: Testing engineer: Head of laboratory:
% /2',/ ETQJ’JQ@'?&?;ZQ" " :kﬁgﬁni's'
10.7.2020 Ing. Civi§ Ing. Langer
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TEST LABORATORY E-11

Transformer tests

Work No.: 0969547

| type: ETRZ 31 M-0

I Manufacturer: ETD TRANSFORMATORY a.s.

Temperature rise for liquid-immersed transformers

Temperature rise test carried on in short-circuited
connection at f= 50 Hz = =13
Energized winding: 115 kV tap. No.: 19 (-16%) - =, SR
Short-circuited winding: 38,5 kV tap. No.: 3 (0%) "
Type of cooling: ONAN/ONAF g
Description of cooling: £
6 pes radiators type FR3 H )
2 pes radiators type FR3L g
2 pces radiators type FR3R
10 pces fans type EBM W8D500-CJ09-86
£ 7
0 N ) A H N B R e
Tomperatura-tse. (K) o e
ONAN ONAF
Measured winding 115kV | 38,5kV 115kV |38,5kV
Rated power Sn[MVA]| 17,5 17,5 25 25
Rated current In[A] 105 363 149 375
Load loss APk [kW/75°C] 77,4 158.,0
No-load loss APy [kW] 13,1 13,1
Total losses TAP [kW] 90,5 171,1
External cooling medium temp. 0, [°C] 26,3 24,5
Top-liquid temp. rise (pocket) A®, [K] 47,6 50,0
Top-liquid temperature rise AQ, [K] 51,1 53,9
Average liquid temperature rise  A®,, [K] 33,4 39,0
Average winding gradient g[K]| 6,5 5,5 14,1 9,7
Average winding temperature rise A, [K]| 39,9 38,9 53,1 48,7
Hot-spot winding temperature rise A®[K] [ 59,6 58,3 72,3 66,5
For max. external cooling medlgzn ;:f_llfécl 40 40
max. top-liquid temperature ~ ®, max. [°C] 91,1 939
Measurement of power taken by fan motor
Feeding voltage: For 1 pc For 10 pes
3x 400 V, 50 Hz Feeding current I [A] I"g'?\‘)’v";er Feeding current I [A] I“g"["‘)’v"{e’
Fans 0,137 72,7 1,355 710,1
Date: Testing engineer: Head of laboratory:
O | emromuon
’ % (?// o
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TEST LABORATORY E-11

Transformer tests

Work No.:

0969547

Type:

ETRZ 31 M-0

| Manufacturer: ETD TRANSFORMATORY a.s.

Check the wiring and operation of the auxiliary circuits

Main, auxiliary, control, measuring, signalisation and guard circuits on the transformer according to EH 0003197 and EH 0003198 drawings.

Setting of instruments

Circuits: Description: Instrument (terminals): Value:
Automatic of cooling — switch on fans (oil) BT1 (1 1-1 4) 60 °C
Automatic of cooling — switch off fans (oil) BT1 (l 1-14) cca 48 °C
Cooling control:
Automatic of cooling — switch on fans (winding) BT2 (11-14) 75 °C
Automatic of cooling — switch off fans (winding) BT2 (l 1-1 4) cca 63 °C
Signalisation High temperature oil BT1 (3 1 -34) 90 °C
of fallures: High temperature winding BT2 (3 1-34) 105 °C
Dangerous temperature oil BT1 (41-44) 100 °C
Guard protection:
Dangerous temperature winding BT2 (41-44) 115 °C
Measuring: Temperature increase, oil - winding for I, BT2 (5-5) 1,21 Q (15 K)
Fans of motors: | Protection of fans FO01 - F10 0,16 A
Box equipment: Heating B51 (1 -2) 10 °C
Insulation of auxiliary wiring (AuxW)
Repeated tests after final circuits connection,
Current transformer 2500V /60s/50Hz
Other circuits* 2000V /60s/50Hz

*Equipments with insulation level less than 2kV were disconnected from testing circuit.

Measurement of separate circuits insulation resistance

Measurement of individual circuits against earth

Utest =1 000V pc

Individual circuits tested

Rinsu]ating > 500 MQ,

Check of effective earth continuity between mounted devices and the protective circuit

Connection with protection circuits according to standard CSN EN 61439-1 ed.2.

Date: Testing engineer: Head of laboratory:
ETD TRANSFORMATORY a.s.
ﬁ %/ Technickd kontrola a zkugebna
AV ‘2'
10.7.2020 Ing. Civi§ Ing. Langer
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TEST LABORATORY E-11

Transformer tests

Work No.: 0969547

| rype: ETRZ 31 M-0

I Manufacturer: ETD TRANSFORMATORY as.

Tests on on-load tap-changers — Operation test

a) 8 complete operating cycles with transformer not energized;
b) 1 complete operating cycle with transformer not energized, with 85 % of the rated auxiliary supply voltage;

c) 1 complete operating cycle with the transformer energized at rated voltage and frequency at nop-load;

d) 10 tap-change operations with +2 steps on either side of the principal tapping with as far as possible the rated current of the transformer,

with one winding short — circuited.

Tests on no-load tap-changers (NLTC)

Operation test of NLTC was catried out during of the voltage ratio measurement, short-circuit impedance and load loss measurement and no-load loss

and current measurement.

Check of the ratio and polarity of built-in current transformers

Check of the ratio and polarity of built-in current transformers — during measurement of short-circuit impedance and load loss.

List of equipment

Meters: Fab. No.: zﬁrgéfion: gﬁ}g;ﬁxgﬂ: Pasport No.:
%ﬁ'&“zg?‘ﬁg‘_e"t transformer 32370 A<C 12.01.2018 12.01.2023 8017-KL-T0003+5-18
gsggg%l\’}gg";gmem transformer 2/12/3738+3740 | 12.01.2018 12.01.2023 8017-KL-T0006+8-18
Power analyzer NORMA 5000-PP64 WO15590BA 30.11.2019 30.11.2020 5249/19/A
Multimeter AGILENT 34970A MY57007180 14.03.2020 14.03.2021 1252/20/A

Ratio and vector groupe MEGGER TTR 300 71273 1114 30.01.2019 30.01.2021 TKZ 19/014
Megaohmmeter C.A 6547 106803 TAH 22.02.2020 22.02.2022 899/20/A
Kilovoltmeter MU17+A2 884764 20.02.2020 20.02.2022 893/20/A

Divider HIGHVOLT 250 kV - AC 884766 20.09.2019 20.09.2021 3880/19/A

Calibrator PD OMICRON CALS542B GB324B 16.03.2020 16.03.2022 72120/
Kilovoltmeter HAEFELY 2000 kV g}gggggg}—z 26.07.2017 26.07.2022 2873/17/A

Measuring device HAEFELY HiAS 743 176632 21.02.2020 21.02.2022 896/20/A

Bridge MEGGER DELTA 4110 1777 1014 01.12.2018 01.12.2020 412/18/8

Dieltest of oil BAUR DTA 100 952922008 17.10.2019 17.10.2021 TKZ 19/210
Aquameter BAUR KFM 1000 S 959713011 28.04.2020 28.04.2022 TKZ 20/068

Schering bridge TETTEX 2801 121510 24.07.2017 24.07.2020 2755/17/A
Teraohmmeter SEFELEC M1500 UFA 676 24.07.2017 24.07.2020 2812/17/A

Gas chromatograph AGILENT 7890B CN 18073060 22.08.2018 22.08.2021 TKZ 18/205

Acoustic calibrator CAL200 10693 27.11.2018 27.11.2021 6035-KL-K0056-18
Eﬁffn‘:‘c‘fghﬁﬁ ﬁ‘#xﬁj 230 gﬁfgog 124-E0 114022020 14.02.2023 6035-KL-Z0013-20

Date: Testing engineer:
7
10.7.2020 Ing. Civi§

Head of laboratory:

Ing. Langer

ETD TRANSFORMATORY a.s.
Technicka kontrola a zkugebna
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Enclosure to protocol No. TKZ 20/103A &ET»
Lighting impulse test - Page No. 1712 ETD TRANSFORMATORY as.

Work No.: 0969547 Temperatur;,: 23°C Pressure:  730,5 mmHg
A_TAP_10 CH: 1 A_TAP_10 CH: 2

SHE e S 100900 w3 Lasel S5 Sampleg |29 000 ek Fasge 1000 Ve Triagar Stees

T femtiagay D iidar 4 423 WUPY Lewwt 2T% Smmmmg )30 000 Ware lno-ln 1 Ve e Lowgl V0% (Manlert waf
iy
| | -
- | 1 In (LT 100 s
anw Tue A T - -
Ne. 1 am Mo, 1
(ST LI fuli
a3 | LUpk 120297 kY e ———_|pk max 42 188 AT
| = 107 e wival Ipk min: 36824
waa -T2 t-
ana
) |

| = i

ol

g ; | -
No. 1 LI full Upk:-120.297 kV T1:1.077 us T2: -- No. 1 LI full Ipk max: -42.188 A Ipk min: 3.662 A
A_TAP_10 CH: 1 A_TAP_10 CH: 2

EHT frempn Grsee AT R Levas 5% Bampieg T8 050 Mefs Aange:1800 Vpp Trgger Leval {0% (Master) PRI B B DO RN L aes E% Moy 130 000 M Farga 1008 Ve Tilpear Wae

ey o P—
P— - Ne.2
_.____,...r"""'-ul\-ll

o Upk - 120832 KV L ——_Ipk max -42.480 A~
/ T (110808 = Ipk min 2681 A
T2 SaRTORUS

Mo, 2
LI fdl

i — i
...-..: .ml
No. 2 LI full Upk: -120.882 kV T1:1.105us T2: 48,705 us No. 2 LI full Ipk max: -42.480 A Ipk min: 2.881 A
A_TAP_10 CH: 1 A_TAP_10 CH: 2
1I2UGHY (iagn] Bedides £ 443 W L aeml 638 Bameiog | 50 055 Ma/s Range 3200 Vep Trigger Lavel 10% (Mester] -- —— g T B Bt B 000 et & st S, Bk oy 790 55 My Mange 4100 8 o Tipger e
ooy
sy Ty S
— Mo, 3 Mo.3
P ]
Upk -273 587 kV Ik max -95264 A
#i i T1 1094us—— lpk min6885A
T2 49592 us
v
e |
R o — —
S S - |
No. 3 LI full Upk:-273.687 kV T1:1.094 us T2: 49.592 us No. 3 LI full Ipk max: -95.264 A Ipk min: 6.885 A
A_TAP_10 CH: 1 A_TAP_10 CH: 2
T 300k cemmage) Dkides LS8 WY Lavsl 1890 Bemplng: TED00 Ml Burge 041 8 e Trgge b e 0% (Wanran) THT drisientl Bean B0 DX ML bes L eend HEET eesbieg: T2H 000 Mais Range: 1600 Vpp Tilgger:Slave
e | - T [ .
5 E———— =
=== Mo A4 i No. 4
/um s i
Upk  :-860523kV & ipk max -191 250 A
o T 11108 us— tpk min: 8984 A
T2 -d9.828us — =
. - J—— -
s _a
No. 4 LI full Upk: -650.523 kV T1:1.106 us T2: 49.828 us No. 4 LI full Ipk max: -191.250 A Ipk min: 8.984 A

Date: Testing engineer:

02/07/20 ETD TRANSFORMATORY a.s.Ing. Civi§
Technick4 kontrola a zkugebna
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Enclosure to protocol No. TKZ 20/103A
Lighting impulse test
A_TAP_10 CH: 1

AITH | emsaga) Didden | 443 KTV Laiel (DT By 30000 M Mangs S400 Yra THmper Seenl H (M|
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No. 6 LIfull Upk:-549.906 kV T1:1.113 us T2: 49.651 us
B_TAP_19 CH: 1
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Page No.

&ETD»

ETD TRANSFORMATORY a5

2/12

A_TAP_10

an e

ma

No. 5 LI full Ipk max: -191.484 A Ipk min: 10.547 A

A_TAP_10

CH: 2
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CH: 2
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Ipk min: 9688 A

No. 6
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LI full Ipk max: -191.250 A Ipk min: 9.688 A

CH: 2
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e
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Ner — e
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sunw
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No. 7 LI full Upk:-275395kV T1:1.103 us T2:42.924 us
B_TAP_19 CH: 1

B} drttegal Dbl 1482 VI Luoal 1A Sy £210 1

10 e te M 8303 Vrw Togges Lacer 0% (Mmgser|

Fr

B

No. 8 Li full Upk:-548.968 kV T1:1.103 us T2: 43.054 us

Date:
02/07/20

MNa, 7.

L fudl

lpk max -120805 A
Tlpkmin 1044947

e

No. 7 LI full Ipk max: -120,605 A Ipk min: 10.449 A

B_TAP_19

THT
|

CH: 2

trnTea Gt 80000 MR Lwek KR Sarping 158008 are Spmpe W08 Yre Tomge Seee

by

Mo, B

Ll

Ipk max -239688 A__
Ipk min: 10391 A

VA
-

oA~

No. 8 LIfull Ipk max: -239,688 A Ipk min: 10.391 A

Testing engineer:
Ing. Civi§

ETDTBANSFORMATORYas.
Technicka kontrola a zkudebna
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Enclosure to protocol No. TKZ 20/103A

&ETD»

Lighting impulse test Page No. 3712 7D TRANSFORMATORY a3
B_TAP_19 CH: 1 B_TAP_19 oH: 2
FITHI (volinge) Dbider { 442 KVIV Laval:100% Haminhing 150500 M adh Rangh WA 00RR Trigyue Lacel 165 (Minsineh 53 (curant) Shunt 00000 mONm Level100% Bamsiy (281388 s Ruoga 1831 Vop Trst e
ot
—_— Moo Moo
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sl
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C_TAP_I CH: 1
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— oo —
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/
S— Mo, 11
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s
— 1l g — //

No. 11 LIfull Upk: -274.651 kV T1:1.088 us T2: 52,263 us

C_TAP_1 CH: 1
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o
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e
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Upk
o & e
/ T2
s004
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L

inna

No, 12 LI full Upk: -550.875kV T1:1.106 us T2:52.287 us

Date:
02/07/20

ETD TRANSFORMATORY a.s.

vw/
No. 10 LI full Ipk max: -240.391 A Ipk min: 16.172 A
C_TAP_1 CH: 2
mf:—q Trwean] BNt $00 300 ROAM L e BO% Beepiing TIR000 ek Mangs 1000 Vae Fiipge Tuew

MNa, 11

L1 fuil
Ipk max -71.143 A
T Ipkmin: 10205 A

e S

e

e

tath

No. 11 LI full Ipk max: -71.143 A Ipk min: 10.205 A

C_TAP_1 CH: 2

CHE ipuprmes) e 00000 mE ) eea1 TEIS | Waripeer 136000 Wels Nangs 150 ¥os Tigass Slees
af

—_lpk max -142813 A
Ipk min: 18.531 A

W

2una

No. 12 LI full Ipk max: -142.813 A Ipk min: 19,531 A

Testing engineer:
Ing. Civi§

Technick4 kontrola a zkudebna
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Enclosure to protocol No. TKZ 20/103A &ETD»
Lighting impulse test Page No. 4712 ETD TRANSFORMATORY a5,

C_TAP_1 CH: 1 C_TAP_1 CH: 2
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No. 16 LI full Upk: -59.812kV T1:4.358 us T2:42.911 us 0. 16 LI full [pk max: -40.186 A Ipk min: 3.662 A

Date: Testing engineer:
02/07/20 Ing. Civig
ETD TRANSFORMATORY a.s. g
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_2_



Enclosure to protocol No. TKZ 20/103A

Lighting impulse test

0_TAP_1 CH: 1
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Page No. 5712
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No. 20 LI full Upk: -250.300 kV T1:4.277 us T2:43.256 us

Date:
02/07/20

LI Rl
Ik max -166.018 A
Izak min:; 16 797 A
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No. 20 LI full Ipk max: -166.016 A Ipk min: 16.797 A

ETD TRANSFORMATORY a.s.

Technicka kontrola a zkugebna
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Ing. Civi$
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Enclosure to protocol No. TKZ 20/103A

Lighting impulse test
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T
s

- .!»n\i'

No. 24 LI full Upk: -184.659 kV T1: 1.045us T2: 4

Date:
02/07/20

8.714 us

AM TAP_3

Page No. 6/12

&ETD

ETD TRANSFORMATORY as.

CH: 2

EMI | (it haat

Lanal 13w Binpieg

biba

Rangs 450 0 Vpp

U
No. 21
= Lifl————————
Ipk max: -431.445 A
Ik min: 9,375 A
. {
cen
No, 21 Li full Ipk max: -431.445 A Ipk min: 9.375 A
AM TAP_3 CH: 2
ST Al B SIS D LarFS Messbing TGO A Mange 400G Ve Trgse Bare
oo
No. 22
LAl
Ipk max -432.422 A
Ipk min: 2. 148 A
P
No. 22 LIfull Ipk max: -432,422 A Ipk min: 2,148 A
AM TAP_3 CH: 2
ZHI (current) Shunl 600 000 MOhm Level 80% Hamiring 120 530 Mals fangs S H Ve Tigue: Sl
e
153 s i

Mo, 23
(NET]

Ipk max -669.922 A
Ipk min 66841 A

— e

No. 23 LI full Ipk max: -669.922 A Ipk min: 6.641 A

AM TAP_3 CH: 2

wan
Py

00T

wnna

THI pramanl Shist 0000 wanm Level 1805 Rainpeng (IE00 M Mimge | A0 te Tiipges Bave
ok =

o, 24
LI fd|
Ik mas 1345 kA
Iphk mine 14,844 4

P

an

No. 24 LI full Ipk max: -1.345 kA Ipk min: 14.844 A

ETD TRANSFORMATORY a.s.
Technlcks kontrola a zkusebna
-2

Testing engineer:
Ing. Civi§
A



Enclosure to protocol No. TKZ 20/103A
Lighting impulse test

&ETD»

Page No. 7/12 ETD TRANSFORMATORY as.

AM TAP_3 CH: 1

O Funaga] Dsfden 4 S4F ML meel 1 Sampioy 435550 Mase Range 260.0 Vpp Teigger Lavel 10% (Master)

1oow
sawy
m.v:
won

| e 2000
20k

No. 25

= LIl

X Uk :-185080 kV
' Th 1.190 us-
a0 T2 48823 us

No. 25 LIfull Upk:-185.080kV T1:1.190 us T2:48.823 us
AM TAP_3 CH: 1

Ti1 (vollage) Divider 1442 WV/V Lavel 100% Bmmpbag 501 S0H iaiy Masga 282 8 ¥ap Fommi |oeete 188 (Mmaine)
e
i

MGVT

1

No. 26 LI full Upk: -184.733 kV T1:1.189 us T2: 48.855 us
BM TAP_5 CH; 1

GHE (rEmaie] Dbt AV et 8% Tamaiing 22055 bate Renge 1260 Vop Triggarteve 10% (Mestar

=y -

rmowy
Ay

No, 27 LI full Upk:-92.948 kV T1:1.525us T2: 47.449 us
BM TAP_S CH: 1

S0 duptingal O iai 4530 Lasal 1U0% Basaliag =30 81 1ass Range 3800 Von TrigganLeve) 10% (Mastar)
i ——— -

No. 28 LI full Upk: -184.405kV T1:1.298 us T2:47.570 us

Date:
02/07/20

ETD TRANS FORMATORY a.s.

AM TAP_3 CH: 2

TMI (current) Shuni 800000 MOXMm Level 100% Sampling TZ050H Mkis Manis 400 AvsR Trigge: Biacs

sana

=uga 1o EET
|

sana Vg oy
—= LIl =
sl \‘\\ Tk masc -1 348kA

Ipk i B.5MA _—

S

T
2T i

rasa t

No. 25 LI full Ipk max: -1.349 kA Ipk min: 8.594 A
AM TAP_3 cH: 2

CHE parram W b 100 v
oo s

Pangn S T

smma s

7000 4 LT ]

No 26

LI fud)

lpk max -1 343 KA _
Ipkomire 9274 A

" -
.xunl

No. 26 LI full Ipk max: -1.343 kA Ipk min: 9,375 A
BM TAP 5 CH: 2

EHE (rreieall Berml GO 000 mD b Luvat A0% Hamis i 130 4250 Wit Rengs 8000 Vpp Trigger Blave

0@

No. 27

Lifdi

Ipk max -703.518 A
Iph minc 16234

b

— AT —

No. 27 LI full Ipk max: -703.516 A Ipk min: 15.234 A
BM TAP_S CH: 2

CHE Jrumrass) Snim TO0S00 mOnm fwee) T Banipy 135000 War famge’ | B wes Tiigges linie
wmmai -

el h

soons B s

No. 28 LIfull Ipk max: -1.398 kA Ipk min: 8.594 A

Testing engineer:
Ing. Civi§

Technicka kontroja a zkusebna



Enclosure to protocol No. TKZ 20/103A

&ET»

Page No. 8712

Lighting impulse test "ETD TRANSFORMATORY a5,
BM TAP_5 CH: 1 BM TAP_5 CH: 2
EH1 (volINgw) DNidari1 447 VIV Lovel 100% irhptig THEGT Ml Fangs 2500 Vip Teggar:Laval 10% (Msster) 3 fsuirait S 0020wkt L pesl 1GO% gm0 Wbde Menge'| 52 A g Trigges Sane
i — apseh ol .
sany a0
“""I anng e A e oo .
o —
| 80 ia 20id
m .
No. 29 Mo 28
e luJ n:l ABS 073 KV E:Jml 1.408 kA,
wan 77 1684 s Ipk min 18.750 A~
e if T2 |47 AZ8us._ —
———— = /
e—. v
o] v
s W
s
0as
“saa
a3
L Taus
No. 29 LI full Upk: -185.073 kV T1:1.684 us T2:47.829 us No. 29 LI full Ipk max: -1.406 kA Ipk min: 18.750 A
BM TAP_S CH: 1 BM TAP_S CH: 2
IS (hetnaN) EELAAEY 443 S Grws YOO mmniag 138 00 Aasa Range 3800 Ve Trigger Laval 10% (Mastert 5093, foverestl BT 0O TS | wie A DON Shenylied K30 Mdalh Aange 1 60 VEp Tringer Siave
wony g, " ”
il o
::,J T = — -\nne-; . e—
1 ' c../ 00 A
e,
| Ne. 30 No. 30
oot H;I 184 562 kV E-'."n'm 1,402 ket
< ~T1 12800 " ipk i 12,500 A
o4y T2 47 596us i
oy
st e
e — i) —
- — o
. —
PP
a0 u) .
iy v
| PO

No. 30 LI full Upk: -184.562 kV T1:1.280 us T2:47.596 us
CM TAP_1 CH: 1

SH1(v0Ilage) Divider | 442 RVAY Leval BOW fasmpiieg 131 60 Mals Sampe {500 pe Trigaes Lacal % (Masteg

2w

MLU.

e

No. 31 LIfull Upk: -93.313kV T1:1.207 us T2: 50.142 us
CM TAP_1 CH: 1

MY prallnga) £ 1442 KYAC fmres V00 Bampseg $30.500 Mete Rangs 2600 Vpp Trigaer Leval 10% (Muster]
o ay

L
sy

anw

No. 32 LIfull Upk:-184.312kV T1;1.201 us T2:50.234 us

Date:
02/07/20

No. 30 LI full Ipk max: -1.402 kA Ipk min: 12,500 A
CM TAP_1 CH: 2

EHI dmisirasit bt 08 00 Sh b Lasal BES Hamiiey 135000 Ma/ Runga 800 0 Vep Tripger Siave

s 200

Ne, 31
LI fudl
Ipk max -844.531 A

Ipk min: 9768 A

e

— iha

No. 31 LI full Ipk max: -644.531 A Ipk min: 9.766 A

CM TAP_1 CH: 2
SR igariam Mo 899590 w3 Level 1664 Susuia {75508 el Range 1 80KV Trioger Sieve
IWOAI B
4000 4 —
a4 - =

Liful— -
Ipk mas -1 Z7E A
Ipk i 28,125 A

—
tEed

amn

2k

24

No. 32 LI full Ipk max: -1.276 kA |pk min: 28.125 A

Testing engineer:
Ing. Civis

ETD TRANSFORMATORY a.s.

Technicka kontrola a zkugebna
_2_

P



Enclosure to protocol No. TKZ 20/103A
Lighting impulse test

&ETD»

ETD TRANSFORMATORY a.s.

Page No. 9712

CM TAP_1 CH: 1
©H1 (vollage) Divider:1 442 kVAV Lavel 100% Hampbng {20680 4 ite Range 2800 Vpp Trigger Level 10% (Mastsr)

o

vy

anw

aa

] wom E

//u”;j:,’__

""" 2ou Upk 1185016 KV
— on T1 t1214us
R T2 150257 us
— —

van
— rdan
— e
-
.

e

No. 33 LI full Upk: -185.016 kV T1:1.214 us T2:50.257 us
CM TAP_1 CH: 1
BHY (valaga) Dhider 1442 KVIV Laval 100% Sammiony 175 059 Male Runge 2600 Vpp Triager Level 10% (Master)
p
|

No. 34 LI full Upk: -185.386 kv T1: 1.255 us T2:50.223 us

A (11KV) CH: 1

TEECH S fomtaa] Fifi a4 D0 V0 Lasali 330 Baimins 140 UG #esgn 100 Yip Trugar Lecal 1w Masteil
— e —— =
wae
Ta I m i 10im
) o,
LI full
Upk -24 058 KV
— e T~ — 1852us—
T2 e
= = \ y avaliuaten
= J,J' LN ] _
a -.ar 1
e | —

No. 35 LI full Upk: -24,056 kV T1:1.562 us T2: -- Manually evaluated
A (11KV) CH: 1

THACH S drEniyns Dt L0 AR Liral BP0 Swrmsyin 158408 M Wuege 3300 Vpn Trigger-Lasel 18  atinn

1oy
aay |
. 200w
—_— Mo 38
Lind]
Upk -23.967 kV
AW T1 18868 us——
T2 42085 us
ra v
hveg
23k
38 kY
sy,

No. 36 LI full Upk: -23.987 kV T1:1.586 us T2: 42,095 us

Date:
02/07/20

ETD

Technicka kontrola a zkugebna

CM TAP_1 CH: 2

o3 frurmnd] D S0 000 w0 Leal108% Baesaling |59 605 Mare Aange:t 00 hVpp Trigger Sieve
wonma -
Anonea

2068 (T

No. 33

Lifd|

lok s 1,260 kA
Ipk triir: 25,781 A

/

wn

s
e—

——30cm

Anas
nana
o
B
|
Ty

araa

No. 33 LI full Ipk max: -1.280 kA Ipk min: 25,781 A
CM TAP_1 CH: 2

ST fraimit) Bl B0 (0 0T | et VDN e ird 121
scna 3

T M/ Range 160 kVEp Tripger Slava

is0ad

Mo, 34
LI fudi
Ipk menc -1.281kA

gk mine 11.718 A

|
BT
|

e
|
2z

No. 34 LI full Ipk max: -1.281 kA Ipk min: 11.719 A
A (11KV)

Ehl s

CH: 2

ivsalh Wil DT ) e Ll 3% B prbing 40

542 Ly Range 180G Vpp Trigger Slave

No 35
uful—— —————
b pramoc PR GAG A
ke min:

BO000A

No. 35 LI full Ipk max: -792.969 A Ipk min: 50.000 A
A (11KV) CH: 2

CHE- [ruiasil Myt WO ke Lavat T3% Bampind 13 556 Wals Range 160 0 Vep Trigger Siave

No 38
LI fut) N
Ipk manc -7E2 050 A

IpK mriiv 50,781 A,

Tnee

PT

No. 36 LI full Ipk max: -792,969 A |pk min: 50.781 A

Testing engineer:
Ing. Civi$

&

TRANSFORMATORY a.s.

~D.



Enclosure to protocol No. TKZ 20/103A

Lighting impulse test

Page No. 10712

&ETD

ETD TRANSFORMATORY a.s.

A (11KV) CH: 1

A (11KV)

CH: 2

SHI (vollage) OMidar: 144 400 VIV Laval 50% Haimploy 20253 ats Renge 8000 Vpp Trigaer Levsi 10% (Master) PR i v 100050 mOhm L BN Eaming 133090 Male Ebogs 390 Vap Tper Bies
diwy anaua =
wa
- it
A -:/ -
= B No.37__ Mo, 37
) L1 fud] LI fudl
=y Uik -37.557 kV Ik mast -1.237 ki
i T 1558 us |pk miire BO.SES A
T2 41878us
T
No. 37 LI full Upk: -37.557 kV T1:1.558 us T2: 41.879 us No. 37 LI full 1pk max: -1.237 kA Ipk min: 80.566 A
A (11KV) CH: 1 A (11KV) CH: 2
ST (wenage) DWIder:144 400 VIV Lavel 100% Thamiil g 135258 Wiis Aange § 0O kVpp Tripger Leval 10% (Mastery §aQHE sl aTA Miise AEGG =Dt Laeel 100% a4 53 000 bate Wanw B3N Ve TrgEal Bl
i i
o ™ 1000
o 160 1a o0
— — Mo 38 Mo. 38
Lifudl LIl
—=a1ed Upk—— <74 948 kV— Ipk max -2 469 kA
il T1 1608 Ipk min: 157 471 A"
. T2 42051 us
e
it - | ‘\\\
e a4ee -
|
i BT
s
= ann

No. 38 LI full Upk: -74.948 kV T1:1,606 us T2:42.051 us

A (11KV)

@ ny

CH: 1

Seid veilega) Divider 144 400 VIV Lava) 100% Emmistitg 1311 GEi biaik Range 100 kVpp Triggar Level 10% (Master)

20wy

20 nl
|

10k

No. 38 LI full Ipk max: -2.469 kA Ipk min: 157.471 A

A (11KV)

CH: 2

{ e EHE P e S V00,000 e fawal SR Gurnping 190300 Wete Mange 003 WEs Togpe S

No. 39 LIfull Upk: -76.164 kV T1: 1,547 us T2: 41.927 us

A (LIKV)

anwy

CH: 1

ST prmnaga) e a8 60 YOS Lpeat YOS Bamptng 130000 Ware A st £ 0lan Tilgge Lecs| 10% (i

S — —_—
i rotivs
i L o, 39
il Ll
Ipk masxc -2 472 ki

.u..i ~ Ipk min: 188612 A"

A

daa

LLLT

saa

o

No. 39 LI full Ipk max: -2.472 kA lpk min: 159.912 A

A (11KV)

sy

9.
No 40

Li#d|

Upk 174905 KV
T 1824w
T2 142 160us

No. 40

Date:
02/07/20

L1 full Upk: -74.905 kV T1:1.624 us T2: 42,160 us

CH: 2

3y aGHT IEuran Bhst 400 000 A him Lewal T Bampeing 121200 MAre Waide BIED Vae g e

e o _Ne4
Uful
Ipk max -2 485 kA
Ik min: 155,028 A"

_/

No. 40 LI full Ipk max: -2.465 kA Ipk min; 155.029 A

ETD TRANSFORMATORY a.s,
Technickd kontrola a zkudebna

-2

Testing engineer:
Ing. Civi§

e



Enclosure to protocol No. TKZ 20/103A
Lighting impulse test

Page No. 11712

&ETD»

ETD TRANSFORMATORY as.

B (11KV) CH: 1
EHfeaiinga) Dhiear 144 #50 V50 Lael 6% Bamring 123003 Wil Runge 5000 Vpp Trigger Lavel 10% (Meutar)

ELT

o

2k S

———No. 41 —

LI )
Ligk 187325 kV—
T1 11584 us
T2 142112us

B (11KV) CH: 2

od e T L BN Weating.

anni e

- 300 s

— ani—

No. 41 LI full Upk: -37.325kV T1:1.564 us T2:42.112 us
B (11KV) CH: 1

SHT irma Ties AL AUT VIV el 1300 Bmsieg 130000 Maje Range 100 KVpp Triggerteval 10% (Masiar)

) 1

Tiizgar Sam

T 290

ok mas -1 228 kA
Pk mir 81,177 A

No. 41 LI full Ipk max: -1.228 kA Ipk min: 81.177 A

B (11KV) CH: 2

SHT st bl ADOGH M bee | meimd T Smieting 130 00 hare Mangs $000 re Tigge Bl

Vo siia
. anue
No. 42 — No 42 .
LI LI full
“Upk— 75289 kV— Ipk max 2471 kA
T1 1553us “TIpk min: 1EA678 A"
T2 142131us
o ‘K—_/
— PR,
nin
No. 42 LI full Upk: -75.289 kV T1:1.553 us T2: 42,131 us No. 42 LI full Ipk max: -2.471 kA Ipk min; 169.678 A
B (11KV) CH: 1 B (11KV) CH: 2
TN il Db 444 et L et A00% Sajatanl| HEG0LAN Range b 0O KPP Trigasr Level 10% (Masiar) | 5717 e S THLEGE s &aeal 159% Bampng 153,008 ass Waage RODNYRE Triges s
ux
iy S
_ il s 0
i .
| Mo, 43
i LIt
aiod Upk  -74877kV - Ipk mane 2 463 kA
T1 1156 us vop T Ipk min: 181133 A"
= T2 42285us |
e whia
ELTT ; !
e
—— pn Y| S
o Fr
! |
sy
| Tnee
ag vy
..

No. 43 LIfull Upk: -74.977 kV T1:1.596 us T2: 42.285 us
B (11KV) CH: 1

FIHY (pEtamn D ee 4T Leee) 199% Bwmipieg $I0000 Msis Aange 1 00 KVpp Triggar Level 10% (Masian)
= ]

o
|

No. 43 LIfull Ipk max: -2.463 kA Ipk min: 161,133
B (11KV) CH: 2

J g R fnrmnil S 15000000 4e Level 1008 Harrsheg 13

o
....] 74851 kv~
= i1604us
pi T2 42251 us
b
o

0200 Wik Mangs A6 B ¥ay Toger Siare

—Na.4a .
L) ful
Ipk max -2 468 kA
Ik mir; 184, 7685

ama

— o a— -

No. 44 LI full Upk: -74.851 kV T1:1.604 us T2: 42.251 us

Date:
02/07/20

No. 44 LI full Ipk max: -2.468 kA Ipk min: 164.795

ETD TRANSFORMATORY a.s.
Technick4 kontrola a zkusebna
,2.

A

Testing engineer:
Ing. Civi§

Z



Enclosure to protocol No. TKZ 20/103A
Lighting impulse test

&«&ETD»

C (11KYV) CH: 1
ST smtinga) O blsas 4400 00 Ll 40% Rasiplied TEEDOIANY Renge 8000 Vpp Trgger Level 10% (Mastar)
v

_ No. 45
Lo |
Lk -37.433 kV
T 1587 us
T2 42297 us

No. 45 LI full Upk: -37.433kV T1:1.567 us T2:42.297 us

.

C (11KV) CH: 1
S (iR i G VY Gwene T At ST e Mg | 95 WS Tigped Lass) i (Wasiei)

i

"

ad

o e
Mo 48
L]
Lk 175408 kV—
T -1813us
T2 142371us

No. 46 LI full Upk: -75.408 kV T1:1.613 us T2: 42.371 us
CH: 1

Y (rERaal il 43 40 WA st 135% Maimiefi 126500 Mara Range 100 kVoR Triggar Level 10% (Master)
a0

EET

|
wu\‘l
WA o

+ = —No, 47
LIt
u

ET T2

No. 47 LI full Upk: -74.856 kV T1:1.637 us T2: 42,389 us
C (11KV) CH: 1

MY presagel ke e 400 VO Laenl 10 Gampiing 140G MaZs Ranga 1 00 Wp Trigger Level 10% (Masier)
=w ¥

75115 kV -

LIl

Lok

T 1820us
anw T2 42237 ue

ey

w0k
1

No. 48 LI full Upk: -756.116kV T1:1,620 us T2: 42.237 us

Date:
02/07/20

Page No. 12712 “ETD TRANSFORMATORY a.
C (11KV) CH: 2

Dt A

Mo, 45
LI fud]

lpk mas_ -1 228 kA
Ipk mine 775154,

BRI

No. 45 LI full Ipk max: -1.228 kA Ipk min: 77.515 A
C (11KV)

[

CH: 2

o SR aieani] Wiies 195000 = Laenl 1906 Banieleiy TRE B M8 Rangs:800 0 Vpp Trigoar Sleve

Mo 48

LI full

Ipk max =248 s,
~ipk mirc 15281240

Hm—t

e

No. 46 LI full Ipk max: -2.469 kA Ipk min: 159.912 A

C (11KV) CH: 2

SHE brivensd et S0 = Ll 010 Burgeny T 500 et Aange 8000 iax Touge: Bieve

LT

No. 47.

Lifual

Iok max -2 455 ki
“ipk min: 150812 A

No. 47 LI full Ipk max: -2.455 kA Ipk min: 159.912 A
C (11IKV) CH: 2

eGP IR R 10T BT O e |l MO Skl 13000 M ey Mg 00 Vg Trigde:

Ipk max -2.457 kA
Ik min: 164,785

No. 48 LI full Ipk max: -2.457 kA Ipk min: 164.795 A

Testing engineer:
Ing. Civi§

ETD TRANSFORMATORY a.s.

Technick4 kontrola a zkusebng
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This technical document

&ETD»

ETD TRANSFORMATORY a.s.
TECHNICKA KONTROLA A ZKUSEBNA TEST RBORATORTEAL

Zborovsks 54/22, Doudlevce, 301 00 Plzeii, Ceska republika
tel.: +420 373 031 402, e-mail: jakub.langer@etd-bez.cz
Number of pages: 1/10

Test Certificate

TKZ 20/102A
Purchaser: JSC ,,APSVIETIMAS*
Subject of tests: Power three-phase regulator oil transformer
| type ETRZ 31 M-0, work No. 0969547
Date of the test: Ist — 2nd July 2020
Internal order No.: 13.00.0048 / 3010000246
Order No.: MEQ000110327

Test methods:
CSN EN 60076-10 ed. 2
Power transformers — Part 10: Determination of sound levels

Test results: listed in the text

ETD TRANSFOR

Technické kontrof
_2_

In Pilsen, 2nd July 2020 Ing. Jakub Langer
Head of laboratory

MATORY a.s.
1 a zkusebna




ETD TRANSFORMATORY a.s.

Page No.: 2
10

Certificate No.:

TKZ 20/102A

No. of pages:

Test Certificate

Power Transformer - Determination of Sound Levels

Work No.:

0969547

| type ETRZ 31 M-0

| Manufacturer:  ETD TRANSFORMATORY a.s.

Purchaser:

JSC ,,APSVIETIMAS*

13.00.0048
3010000246

Internal order No.:

Order No.:

MEO000110327

MEO000110327

Register No.:

Technical data

Winding:

Output [kVAT:

Voltage [V]:

Current [A]:

1

25000

115 000 +9x1.778%

126

2

25000

38 500 £2x2.5%

375

3

25 000

11 000

1312

must not be copied,

duplicated not otherwise communicated to a third party

All rights to this technical document befong exclusively
to the Company ETD TRANSFORMATORY as.

This technical document

Vector group:

YNyn0d11

Type of cooling:

ONAN/ONAF

Sort of loading:

No. of phases: | 3

Rated frequency:

50 Hz

Insulation class: | A

Contents:

MEASUIING INSIUIMEILS ......vuiieietiiscieiiitite ettt er st se e st s et eses e s s eeesee e et eeeses s et esenes s ssees et ese e e
CalIDIALION. ..ottt ettt e s ee et e e et et ee e eneseeseneseseneeseseseeesees et esesesseeees

Layout Of MEASUIING POINTS. c..iuiiiiririrerisiiiesiesiesieessiesireeseresesesessssesesessseesssesssss e sessessesesessseeseseseseseeseoss
RESUILS Of TNEASUICITIENLS .....vevviieiiecie ettt esesa s et es s s s et et e et e et et ee e e
Charts Of MEASUIEITIENE........c.ociiiiiisiitiieriersese e e e e se s e s e e e e e e s e e s e e s e e e eee e e et et e et e oo,

Method of measurements

Standard:

IEC 60076-10

Method:

Sound pressure level (Ch. 11)

Weighting filter:

A - filter

Point by point method

Zone:

1/3 octave

Measuring instruments

Sound Level Meter

NTi Audio
XL2

Serial number:

A2A-
08124-EO

Calibration
certificate:

Microphone

M?2230

Serial number:

9106

6035-KL-Z20013-20

Acoustic calibrator

CAL200

Serial number;

10693

Calibration

certificate:

6035-KL-K0056-18

Calibration

Sound Level Meter is checked before and after each measurement using acoustic calibrator

Acoustic calibrator, sound level meter and microphone are calibrated once every three years
approved external organizations

Date: Tested by; ; Approved:
ETD TRANSFOR A\TOR
/é' Technicks kontrolr“!_“.'ii w r.i.gni;-s
Ing. Windrich 2
2nd July 2020 Ing. Lexa Ing. Langer

TROOO7/02/R]
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This technical document

Certificate No.: Page No.: 3
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Test evaluation
1) Load operation Iy = 100% I, — without fans (ONAN) - measurement at 0.3 m from the principal
radiation surface:
e Corrected average sound pressure level — Lya = 47 dB(A)
e Sound power level — Lwa = 65 dB(A)
2) No-load operation U = 100% U, — without fans (ONAN) - measurement at 0.3 m from the
principal radiation surface:
e Corrected average sound pressure level — Lya = 57 dB(A)
e Sound power level — Lwa = 74 dB(A)
3) No—load operation U = 100% Uy — fans on (ONAF) - measurement at 2.0 m from the principal
radiation surface:
e Corrected average sound pressure level — Lpa = 55 dB(A)
e Sound power level — Lwa = 77 dB(A)
4) Calculated final acoustic level ONAN - sum of acoustic components 1) and 2 ):
e Sound power level - Lwa = 75 dB(A)
¢ Sound pressure level at the measuring distance of 0.3 m - Lya= 57 dB(A)
5) Calculated final acoustic level ONAF - sum of acoustic components 1) and 3 ):
e Sound power level - Lwa = 77 dB(A)
¢ Sound pressure level at the measuring distance of 2.0 m - Lya= 56 dB(A)

60 dB(A) tolerance + 3 dB(A)
65 dB(A) tolerance + 3 dB(A)

------

Guaranteed sound pressure level Loa ONAN(0.3 m)

<
Guaranteed sound pressure level L,a ONAF(2.0 m) <

The test results are positive.

Environmental correction

Length of the test room - 1, 152.2 [m]
Width of the test room - w; 24.1 [m]
Height of the test room - h, 22.0 [m]
Total area of the surface of the test room - Sy 15086.3 [m?]
Acoustic absorption coefficient - a 0.2

Sound absorption area - A 3017.3 [m?]
Height of the transformer tank - h 2.95 [m]
Measuring distance — di, dz 0.3[m] 2.0 [m]
Length of the measuring contour - 11 1o 16.8[m] 26.8 [m]
Area of the measuring surface — S;, S, 54.6[m?] 132.7 [m?]

The height of the transformer tank is higher than 2.5 m — two measuring level in 1/3 and 2/3
height of transformer tank.
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Results of measurements

1) Noise of the background - measurement at 0.3 m from the principal radiation surface:

Sound pressure level of the background noise Lpai dB(A)

beginning of the test end of the test
meas. point No. height No.1 height No.2 height No.1 height No.2
1 42.6 42.7 42.3 42.0
4 42.7 41.7 42.0 41.6
7 43.1 41.5 42.0 42.0
10 41.4 41.0 42.2 42.2
13 43.6 41.6 43.5 41.9
Ly 42.6 dB(A) 41.8 dB(A)

2) Noise of the background - measurement at 2.0 m from the principal radiation surface:

Sound pressure level of the background noise Lpai dB(A)

beginning of the test end of the test
meas. point No. height No.1 height No.2 height No.1 height No.2
1 42.2 41.5 42.4 41.6
6 41.3 41.8 42.5 41.6
11 42.4 42.8 42.9 41.6
16 41.9 41.0 41.8 41.3
21 41.5 41.4 41.8 40.9
Ly, 42.1 dB(A) 41.6 dB(A)

/
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3) Load operation Iy = 100% I, - without fans (ONAN) - measurement at 0.3 m from the principal
radiation surface:

Sound pressure level Lpai dB(A)
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meas. point No. | height No.1 height No.2 meas. point No. height No.1 | height No.2
1 47.2 45.9 9 46.8 46.9
2 43.4 47.3 10 48.8 47.0
3 45.0 46.3 11 45.3 49.9
4 57.7 49.3 12 47.2 48.7
5 49.7 49.1 13 48.5 44.7
6 514 47.1 14 48.7 45.4
7 48.2 48.6 15 47.1 47.1
8 44.1 46.3 16 45.3 46.0
L, —uncorrected average sound pressure level 48.7 dB(A)
L, —maxL,, 6.1 dB(A)
Initial L,,, - final L,, 0.7 dB(A)
Environmental correction K 0.3 dB(A)
Corrected average A-weighted sound pressure level IZ 47.3 dB(A)
A — weighted sound power level Lwa 64.7 dB(A)

L,o— maxKgA - value is lower than 8 dB(A) but higher than 3 dB(A) while

value initial L_bg: - final Z; is lower than 3dB(A) — test can be accepted

4
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4) No-load operation U = 100% U, — without fans (ONAN) — measurement at 0.3 m from the
principal radiation surface:

Sound pressure level Lpai dB(A)
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meas. point No. | height No.1 height No.2 meas. point No. | height No.1 | height No.2
1 55.0 58.6 9 52.0 55.3
2 55.7 54.4 10 57.5 58.6
3 58.4 56.8 11 58.9 61.8
4 62.2 54.5 12 55.6 51.0
5 53.1 50.4 13 53.5 49.9
6 57.7 50.7 14 57.3 55.5
7 51.8 54.2 15 62.3 60.8
8 61.0 59.7 16 53.9 50.5
L, — uncorrected average sound pressure level 57.4 dB(A)
L,o—maxL,, 14.8 dB(A)
Initial L, - final L, , 0.7 dB(A)
Environmental correction K 0.3 dB(A)
Corrected average sound pressure level L—pA 56.9 dB(A)
Sound power level Lwa 74.3 dB(A)

L,,—-maxL,, - measured value is above 8 dB — test can be accepted

7
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5) No~load operation U = 100% U, — fans on (ONAF) - measurement at 2.0 m from the principal

radiation surface:

Sound pressure level Lpai dB(A)
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meas. point No. | height No.1 height No.2 meas. point No. height No.1 | height No.2
1 52.5 54.7 15 59.8 55.9
2 52.9 51.9 16 54.3 53.6
3 53.1 52.4 17 58.7 57.9
4 55.0 57.0 18 56.9 58.6
5 54.2 55.3 19 56.4 54.3
6 56.7 56.7 20 54.2 55.3
7 56.1 58.6 21 54.2 54.8
8 55.9 57.8 22 54.6 55.3
9 54.4 54.1 23 59.5 59.8
10 55.2 54.6 24 55.6 56.2
11 53.7 56.8 25 54.7 53.6
12 58.8 58.3 26 53.2 55.1
13 57.3 54.9 27 53.5 53.8
14 60.0 55.2
L, —uncorrected average sound pressure level 56.1 dB(A)
L, —maxL,, 14.0 dB(A)
Initial L, - final L,, 0.5 dB(A)
Environmental correction K 0.7 dB(A)
Corrected average sound pressure level L: 55.3 dB(A)
Sound power level Lwa 76.5 dB(A)

L,,—maxL,,h - measured value is above 8 dB — test can be accepted
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Charts of measurement

Mean pressure spectrum L,,,

I, =100% I, - without fans (ONAN)
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Mean pressure spectrum L,,, U =100% U, — fans on (ONAF)
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ORGREZ, a.s. Electrical Engineering Laboratory Division

Testing laboratory E01
ORGREZ Vitkova 17, Prague 8 - Karlin, 18600, Czech republic .
Phone: +420 222314320 E-mail: laborg@orgrez.cz L 1179.2

Testing laboratory No. 1179.2 — accredited by CAl according to €SN EN ISO/IEC 17025:2018

TEST REPORT

709/2020-0O
Customer: ETD TRANSFORMATORY ass.
Zborovska 22/54
301 00 Plzett
Tested object: JSC "APSVIETIMAS", Litva
Serial number: 0969547
Equipment: power transformer
Operating condition: new equipment
Type: RTRZ31M-O
Manufacturer: ETD Transformatory a.s.
Year of manufacture: 2020
Voltage: 115/38.5 kV
Rating: 25 MVA
Insulating liquid: Nytro Lyra X
Weight of filling: 12 200 kg

Zy

Date of issue: 03/07/2020 Issued: Ing. Lenka Kosanova
Vice-head for chemistry

Made by: Ing. Lenka Ko3anova ¢

Annotation: TN - non-accredited test. PageNo.: 1/ 3

This test report must not be reproduced in other way than as a whole without a prior written consent of the testing
laboratory. The measurement results relate only to the tested object and do not replace other documentation.



ORGREZ, a.s. Number of pages: 3
High Voltage laboratory E01 Page No.: 2
Vitkova 17

Prague 8 - Karlin, 18600, Czech republic

Used instruments and equipment, uncertainty

INSULATING OIL ANALYSIS

Test Report Number:  709/2020-O Measured by
Laboratory Conditions: Simon Kotek

1) Digital thermometer, hygrometer and barometer, Serial. No: 34901952, type GFTB200, manufacturer GREISINGER
electronic GmbH, y.m. 2009,

Acidity: Simon Kotek, Petra Jermdrovd
1) Analytic Balances, Serial. No: K9300294, type Helago, HM 202, manufacturer A&D Instruments Ltd..

2) Balances, Serial. No: 8790, type MC1, LC 2028, manufacturer Sartorius.

3) Dosino 800, Serial. No: 1800002004270, type Dosino 800, manufacturer Metrohm, y.m, 2012.

4) Stirrer 801, Serial. No: 1801001050462, type Stirrer 801, manufacturer Metrohm, y.m. 2012.

5) 916 Ti - Touch, Serial. No: 1916001005258, type 916 Ti - Touch, manufacturer Metrohm, y.m. 2012,

Expanded uncertainty: £15% of rdg..

Antioxidant Content: Simon Kotek, Petra Jermdrovd
1) Infrared Spectrometer, Serial. No: 469, type M 500, manufacturer Buck Scientific Inc..

The reported expanded uncertainty is stated as the standard uncertainty multiplied by k=2, and has been determined according to
EA4/16. The coverage factor k=2 for a normal distribution corresponds 1o a coverage probability of approximately 95%.
rdg. ... reading value.

Document created by programme Visual Regol Plus. Developed by Pavel Justiz © 1994-2019



ORGREZ, a.s. Number of pages: 3
High Voltage laboratory E01 Page No.: 3
Vitkova 17
Prague 8 - Karlin, 18600, Czech republic
Insulating Oil Analysis
Test Report Number: 709/2020-0 (Serial No.: 0969547)
Place of sampling: transformer tank, bottom
Oil temperature: 30°C/25°C (dry) - top/bottom layer of oil
Insulating liquid: Nytro Lyra X
Oil colour transparent
Date of sampling: 02/07/2020 (sampling carried by a third party)
Date of delivery: 03/07/2020
Date of testing: 03/07/2020
Temperature in lab: 26°C | Relative air humidity in lab: 46%
Test Unit Standard Result
Acidity mg KOH/g | SOP 2-14/72 (CSN EN 62021-1; ZM-12) 0.001
Antioxidant content Y%ow. SOP 2-16/72 (CSN EN 60666, ZM-15) N 0.39
—END OF TEST REPORT -
Dr. Digitalné
. podepsal Dr.
M IC h ae I Michael Amon
Datum: 2023.12.01
Amon 15:37:45 +01'00'

Document created by programme Visual Regol Plus. Developed by Pavel Justiz © 1994-2019
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