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RESEARCH-DEVELOPMENT AND TESTING NATIONAL
INSTITUTE FOR ELECTRICAL ENGINEERING

ICMET CRAIOVA
HIGH POWER DIVISION

HIGH POWER LABORATORY “Ovidiu Rarinea™
200746-CRAIOVA, Blvd. DECEBAL, No.118A, ROMANIA
01d wldress 200515-CRAIOVA Calen Bucuresti Nr. 144 ROMANIA) e
Matrculation certificate; J16/312/1999, VAT number RO387 1599 . .
Phone: {351) 402 427; Fax: (251) 415482; (351) 404 890, s ana
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E-matl Impdivineyg ne. LY 04/ 20067

TEST REPORT

- No. 11239
CUSTOMER: "PAVEL and SONS”Electric Litd,

' 12 Madara Blvd.Shumen Bulgaria \
MANUFACTURER: PAVEL and SONS”’ Eleciric Ltd.
12 Madara Blvd. Shumen Bulgaria

TESTED 20/ 0.4 kV, 1250 kVA Prefabricated Transformer Substation o =
PRODUCT: _ L
REFERENCE
STANDARD: 1BC 62271-202 / 2006 clause 6.3
TEST [
PERFORMED: Temperature-rise test and determination of thermal class |
TEST DATE: . 22092011

TEST RESULT: Passzed the tests

Reporthas 14 pages and it is edited in 4 copies from which copy 1 for laboratoiy--ahd Lfopi;ﬁs 2,3
and 4 for customer. R

Ha ocHoBaHue un. 2
ot 3314

DATE OF ISSUE: 25.09.20TFomin L2 L

£, Results refer lo test product onle,

2. Publication or reproduction af ihe conlents of this regiovt in any other form wnless ity complete photocopying ts noi allowed
without writing approval of division to which kuborqiory belongs to. '

3. dcereditation of the laboraiory or c‘m‘;{{of ifs Test ﬁapor{.s fssued wider acereditafion regime do not constifule or do ol
imply themsclves an appraval of the protlict by the accreditation body,
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TEST REPORT No 11239 PAGE 3

1. IDENTIFICATION OF TEST PRODUCY

MV Switchgear Transformer
Prefabricated
Substation
Type CCTS SDIHRRKT T™M 1250/20/0.4
004KV
Ixi250kVA
Serial number/year 1131972011 -f2010 142377
Technical specification See page 9,10/ See pages 11 10 14
Drawing
Contract no: 705.2/8547/17.08.201 1 §
Product receiving date: 22.08.2011 \
Product condition at New \
receving: \
2. TECHNICAL CHARACTERISTICS ESTABLISHED BY MANUFACTURER gm}
Substation MV LY Panel Transtorgper
Switchgear el
Rated power 1250 kVA . 1230 kWA S
R_ated gzolt&ge 20/0.4kV 20kY 0.4 KV 08028V
Rated current - 630A 25004 36 DR/EGEA
Rated frequency 50Hz 50Hz 30Hz $0Hz
Short-circuit voltage - - - 3.47%
Connection - - - Dyns
Total loses 14145W
3. TESTS PROGRAM
3.1 One test to check the temperature-rise test of the sransformer inside of the substation and the low
voltage panel.
- During the test the power transformer was supplied on the high voltage windings, at total losses
Ptot — 14145W, and the low voltage winding was short circuited. /e
- During the test the Low Voltage equipment was supplied through fuses otlf(gr PO :

= 1804A, and the shortcircuit was made at the end of the cables suppk Lth
voltage windings.

3 2 Determination of thermal class of the substation.
4. RESPONSIBLE FOR TESTS: Eng. Sbora Hie

5. PRESENT AT THE TESTS: Mr. Velimir Dimitrov from “Pavel and Sons’ ;E_ié.iﬁgr} LA
: !IE o ¥

[

6. TEST REPORT Diagrams - ; Tables 6,

DOCUMENTATION
: Photos 1, Dhawings 4.
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PAGE 4

7. TEMPERATURE-RISE TEST
7.1 Three-phase supply circuit for emperature rise fest PA
[N
J I A
T Cr IR
- " y"u J. y :
i
G PC LV | PT bt np1o1
I
Al
¥y
Fig. 1 — Test diagram for current paths temperature-rise test
G - Generator type GSAM ~ 390 kVA, 400 V, 50 Hz
PC - Connections panel
T - Adapting transformer made of 3 single-phase transformers of 400/ 25V,
10kA, 50 Hz _ e
CT1 - Current transformers type CIRSO —2000/5 A AN

CT2 - Current transformers type CIRSO - 2x50/5 A

LV - Low Voltage equipment

PT - Power Transformer tested

PA - Power analysing device )
HPT  Substation test installation

7.2 TEST CONDITIONS AND CALCULATION RELATIONS OF TEMPERATURE-RISE Mif 3

Table 1
Test stage 1 il
Loss Current / period
Load type (W) (A / minutes)
14145 36.08/60
Calculation relations (IEC 60076-2:1993, clause 5.4): .
G2 = (Ry/ Ry)*(235 + 0y} - 235 - for cooper winding 4
AG=8,-0,
&eu i eu - ea ;

where: : ‘
0,,0;° - windings average temperature (inside the substation and outside the substation)
R: R, - windings resistance measured in cold condition(inside the substation-and outside the

substation) SO RN
R; Ry - windings resistance measured at shutdown(inside the substation gnd- outside th,e

substation) | ‘j,
0., 6’ - environment temperature in cold condition (inside the substation and Gutélo%f o™

substation) S :

8,,0, - enviconment temperature at the end of temperature-rise test (inside the substation
and outside the substation)

AB, AD’ - windings temperature-rise(inside the substation and outside the substation)

8., 0) - ofl average temperature at the upper part(inside the substation and outside the

substation}
ABy, AB,’ — oil temperature-rise (inside the substation and outside the substation)

® ICMET Craijova 2011/8C
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73 RESULTS OBTAINED AT TEST

7.3.1 Transformer's temperature-rise test inside the substation

Table 2
Determined values Oil |
Windings By 8y Rs:* 8,’ 0y AB? AD,’
(£ °C) Q °C) (°C) (K) (K
HY 2579 3305 95.63 69.63
Y Zoaas ] B Ioae®] 2 a6 58.06 67

Measurements were performed with expanded uncertainty of 3 % for voltages; 3% for currents:
2.5% for time and ihe confidence level P = 95%.
where:
HYV - high voltage winding
LV - low voltage winding
Remarks: Values of the measured resistances, calculated temperatures are presented in pages 5, 6

7.3.2 Measured values of curvents, losses and temperatures

Time Hour | 13:00 | 14:00 | I5:00 | 16:00 | 1700 | 18:00 | 19:00 | 20:01 | 21:01
Cuorrent 19 A | 4053 | 3931 | 38,79 | 3821 | 37.66 | 37.10 | 3650 | 36.15 | 3607
on I A | 4073 | 3946 | 3893 | 3832 | 37.80 | 37.18 | 3672 | 26,06 } 3609
phases Ts A | 4090 | 3961 | 39.13 | 3844 | 37.97 | 3732 | 36.89 | 36.09 | 36.U8
Average current__| I A 4072 | 39.46 | 38.95 | 3832 | 37.81 | 37.20 | 36.70 | 3608 | 36.08
Measured Py W 3810 | 3870 | 3930 | 3860 | 3910 | 3900 | 3970 § 3629 | 3634
loss P, | W 4150 | 6130 | 5930 | 5780 | 5900 | 5920 | 3942 | 5380 | 5372
Py | W 4760 | 4250 | 4310 | 4400 | 4342 | 4338 | 4240 | 3841 | 3834
Total logs P, | W | 14220 | 14250 | 14190 | 14200 | 14152 | 14158 | 14152 | 12850 12840

°C

241 | 244 | 245 | 248 | 250 | 254 | 259 | 259 | 257
Environment 0.1 °c | %42 | 244 | 247 | 248 | 249 | 257 | 253 | 254 | 254
temperature 0, | °C | 246 | 250 | 255 | 257 | 260 | 265 | 267 | 269 | 269
0. | oc | 243 | 246 | 249 | 251 | 253 | 257 | 259 | 260 | 260
C
C

Qi temperators 8, | ° 47.2 65.8 712 858 | 2938 91.2 923 | 9353 93.0
il remperature-rise! A8, | ° 229 41.2 513 607 | 645 63.5 664 | 67.3 67.0

Measurements were performed with expanded uncertainiy of: 5 % for powers; 3% for a}zf}*réhm’ 2.53% far time and
the confidence level P = 95%. o y

& ICMET Craiova 2010/8C




TEST REPORT No, 11239 PAGE 6

7.3.3 Values of the high and low veltage windings resistance measured after shutdown inside the substation
The resistances of high and low voltage windings were measured in direct current for 10 minutes (one
reading at each minute) using the ammeter-voltmeter method. The windings resistances defermination at
the time of shutdown (tg).

Table 4
t [min] Ruv [©2] Rpy [mQ]
1 3.30 1.105
5 329 110
3 3.28 1.08 ’““‘-\
4 3.27 1.075 k\
3 3.26 1.06 \
6 3.235 1.05
7 3.25 1.04
3 3,24 1.035
9 3.23 1.02 ™
T 302 1.015 T

Measurements were performed with expanded uncertainty of! 2.5 % for resistances and the confidence level P =
95%.

* The windings resistances determination at the time of shutdown (to)

R,=3.305 Q HV - high voltage winding; R,=1.11¥10°Q LV - low voltage winding

@ ICMET Craiova 2010/BC

%

AM



PAGE 7

= fowr veliage equipment

Table 5
furs meassing points Temperature-rise [°K]
Calculed | Admitted
R | § | T
I | Circuit bresker terminals :
-Input 73.47 | T4.38 73.62 30
| -Cutput 74.33 75.12 75.24
Terminal connection of fuses 6432 | 6547 65.58
3 | Bus bar low voltage compartment in upper 68.59 | 6781 67.20
part
Bus bar low voltage compartment in fower 65.56 | 6647 | 67.30 70
part ‘
4 | Fuse handler 12.94 25
5 | Environment temperature 26.00 -

The measurements were performed with expanded uncertainty of: 1.1%6 for temperaiure and the

confidence level P = 95%.
* Temperature-rise of the low voltage equipment did not exceed the specified limits (see table 5)

8. THERMAL CLASS DETERMINATION
To assess the thermal class the following relations (JEC 62271-202:2006, clanse 6.3} will be applied:

Aty =ty - tass
Aty = to - ta, \
At = Atg - ﬁti :
where; \
ty= - temperature of the transformer windings outside the substation, , \
t,+= -environment temperature at the end of transformer temperature-tise test outside the \\.\j}
substation SN
Aty= - temperature-tise of the transformer windings outside the substation AV

ti= ~ temperature of the transformer windings inside the substation
t,= - environment temperature at the end of transformer temperature-rise test inside the substation

Aty= - temperature-rise of the transformer windings inside the substation.

Teble 6
Au[C] | wlCl | tlCl_ [ aufCl| wf{’Cl | t['Cl | &1['C]
HYV winding 50.11 75.11 69.62 95.63 19.52
LV winding 4% 86 73.86 25.00 63.06 94 06 26.00 19.20
il 49.80 . 74.80 67.00 93.00 /1~
* Remarks * These dafa are according lo technical| These data are accarfimg
records made by ELPROM TRAFO test] Report Ed :

repori no. T 1 - 161

Thermal class: because 15 K < At <20 K = Class 20
* Thermal class is 20 (see table 6).

9. REMARK
Aspect of the substation in the test circuit is presented in photo from page 8,

10. TEST RESULT: PASSED THE TEST

© {CMET Craiova 2011/BC
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Aspect of Transformer Substation in the test circuit
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TECHNICAL SPECIFICATION

PREFABRICATED TRANSEORMER SURSTATION MADE OF AEIFORCED CONCRETE

TYPE; CUTS 20048V IX1250kVA
PRODUCER: “PAVEL & SONS cLECTRICTLTD, , BHUNEN, BULGARIA
FACTORY HuMBER: 11319

CASING: THE CASING OF THE CONGRETE PREFABRICATED SUESTATION IS MADE OF WATER ~TIGHT
REINFORCED GONCRETE 545,
1.4, MEASUREMENTS [ RDDF (NGLUDED}
L= 3300mm; B=2600mw; H=27 50mm;
WEIGHT WITH TRANSFORMERS: 15 100K
EQUIPMENT:
2.4, EqUwrMeNT OH THE MIODLE VOLTAGE SIDE!
COMPLETE ISTRIBUTING DEVICE - BELJZ0.10  SIEMENS, WHICH CONBISTS OF CABLE N
208V, caBLE "OUT” ARD "TRANSFORMER PROTECTION®,
2.7, INTERCONNECTIGNS 20 KV FROM RIY SWITCHBOARD TO TRANSFURMERS NAZX(F)2Y
IX1xBGIMM2.
2.3, TRANSFORMER
TRANGFORMER 20/0.4KV 1250 KVA
THRERTIONS:
L1680,
W O TOMM,
H=1700m8,
5 4 CONNECTING CABLE FROM THANSFORMERS TO LV SWITCHBOARD -
NYY 3x{8x240mm2)32240mm2, .
2.5 B4 CROUIT —RREAKERS OF LY SWITCHROARD ~ AUTOMATIC CIRCUIT-BREAKERE NS/
ZO00A. 4
9 8 TERMINALS OF LV SWITCEOARD — VERTICAL SWITCH DISCONRECTOR WITH FUSES
FAULTIVERT 400A -5 PSS, "M.SCHNEDER” AUSTRIA
2.7, CoppPeR BARS' SYSTEM:
DisTRIBUTING RIS — COPPER BARS 120X 10,
CONRECTION BETWEEN HMAIN CIRCHT ~ BREAKER AND DISTRIBUTING RiMS — COPPER BARS
120100,
CURRENT TRANSFORMER!
BH-0.66 120 Z000/6A
BVA GrARECFFIT DB
ITH Max BOKA.

Pagpe ol

Maln office address: 790 Sluanen, Bhly 12 Madara; wh + 359 54 {7 44 99 L 354 34 EHELE
22505 fan: 2358 2932 H7 20

Cafis uffive sddvess: 1000 3afia Bldv 177 vioshy

el wiicempasebsnusgom sweh v pay JOLTI

L

- enui

powe

ipnient for the

mplete ransfonner

. Produce o Cemerafeih
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TEST REPORT No, 11239 PAGE 10

3. EARTHING INSTALATION,

INTERNAL GONNECTIONS- CONDUSTOR HOTY-K Tx50MM2,

GONNECTION BETWEEN NEUTRAL COPPER BAR AND FOTENTIAL COPPER BAR - GONDUCTOR HA7V-K
TXTE0MME.

CONNESTION TO EXTERMAL EARTHING cONTOUR —HO7TV-K 1x60MMmZ.

1
T

RATIHGS OF PREFABRICATED SUBSTATION:

RATED VOLTAGE ON MV SIDE — 24KV,

OPERATED VOLTAGE ON MV 810E — 20KV

SRATED INSULATION LEVEL ON MV 5108 -G0KV,

-RATED LIGHTHING IMPULSE WITHSTAND VOLTAGE ON MV sIDE-128KY;
JRATED VOLTAGE ON LV siDE —~ D41V,

-RATED IHEULATION LEVBL ON LY 8108 -2,6KV;

RATED NORMAL CURRENT OF MV BUSBAR-400A;

SRATED LIGHTNING IMBULSE WITHSTARD VOLTAGE G LY SI0E- 5KV
-RATED EEEDER CURRENT -G30A;

-ATED FEEDER CURRENT FOR TRANSFORMER PANELS — 2004;
SMAAIN CIRGUIT BREAKERS ON LV switeHBOARD-1250A;

RATED SHORT TIME WITHSTAKD CURRENT OR MV SIDE -20KAM 5]
SPEAK WITHATAND RATED CURRENT — ON MV SIDE-50KA;

-SHART TIHE WITHSTARD CURRENT ON EARTHING GIRCUIY -THKA

Is und eguipment Jor the power engincoring

oy
H

$0T padie
R e

DATE:16.09.2011 N PREPARED:

SHUMEN } _ CHECKED: Ha ocHoBaHue un. 2

o1 33J14 _—

2 complete ransforme: substation, disiby

LORLT

duee o

Page 2 u;’f’ o

Matn elitce nddsces: G700 Shunen, Hidv 12 32 35050 BT 45 00

ol oftice address 1000 Safiai#idy 129 Vitasha; bl 1359 2952 24 15 fazx_ 1359 2USL 67 20

e-tvinh offoeipvel song mrm ek, sre pave bnmtvat
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RE EARCH-DEVELOPMENT AND TESTING NATIONAL
INSTiTUTE FOR ELECTRICAL ENGINEERING

ICMET CRAIOVA
HIGH POWER DIVISION

HIGH POWER LABORATORY et pest
P . MCERCARE
“QOvidiu Rarinca” . i
200746-CRAIOVA, Blvd. DECEBAL No, 1184, ROMANIA < B
Matriculation certificate: J16/312/1999, VAT number RO387 1599 REs AR
Phona: (351) 402 427; Fax: (251) 415482; (351) 404 890, SR EX ISO/CEI 170252005
E-mail: lmpi@icmetro CERTiFICﬁTUDéZg‘%DWAEK

TEST REPORT
No. 11188

CUSTOMER: “PAVIL and SONS electric” Lid
12 Madara Blvd, 9700 Shumen, Bulgaria
MANUFACTURER: “PAVEL and SONS electric” Ltd
12 Madara Blvd. 9700 Shumen, Bulgaria \
. TESTED 20/0.4 ¥V, 800 kVA Prefabricated Transformer
PRODUCT: Substation
REFERENCE 1EC 62271-202/2006 Annex A
STANDARD:
TEST Internal arc test
PERFORMED:
TEST DATE: 18.07.2011

TEST RESULT: Passed the testfor IAC - A

Report has 15 pages and it is edited in 4 copies from which copy 1 for labf}ratory and copzes 2 3
and 4 for customer. ; : :

Dr. Eng.

Ha ocHoBaHue un. 2
ot 331
SERATOYES

DATE OF ISSUE: 04.08.2

}. Results refer to fest product only,

2. Publiication or reproduction of the contents of this report in any other fovm unless its complete photocopying is nof aflowed
without writing approval of division {o which laboratory belongs to.

3.Acereditation of the laboratory or any of its Test Repovis issued wnder accreditation reglme do not constitute ordo not
imply themgelves an approval of the product by the accreditation_body.
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TEST REPORT No. 11188 | | PAGE 3
{ IDENTIFICATION OF APPARATUS

./ Substation MV Switchgear (RMU Siemens)
Type CCTS 20/0.4 kV/1x800 kVA 8DJIH RRT
Serial number/year 11320/2011 CV 815242-00006/001/2011
Technical specification/Drawing See page 8 and 9 / See pages 10 to 13
Contract No.: 705.2/8521/03.05.2011
Product receiving date: 18.07.2011

Product condition at receiving: ~ New

2. TECHNICAL CHARACTERISTICS ESTABLISHED BY PRODUCER
Substation MYV Switchgear

Rated power S00kVA -

Rated voltage 20/0.4kV 24 kV

Rated current 23.09/1154.7 A 630 A

Rated frequency 50Hz 50 Hz

Rated short - time withstand current: '

- peak value 40kA 40 kA

- r.ms, value 16 kA 16 kA

Rated duration of short-circuit (fx) 1s 1s

IAC Classification A AF
Internal fault current _ 16kA 16 kA ™
Rated duration of internal fault current 1s ls

3. TESTS PROGRAM

The internal arc test was performed on MV Switchgear (RMU Siemens) containing:

- Cell 1 Incoming / Outgoing; (ﬁ

- Cell 2 Incoming / Outgoing; ' e
- Cell 3 Transformer protection. : ""%:/
3.1 Current calibration test. .

3 2 Internal arc test with arc initiation point between R and S phases on input terminals of

cell 2.

Arcing point was initiated by means of a copper wire having 0.5 mm diameter.

Test parameters were: Ip = 40x0.87 = 34.8 kA, Tk=16x0.87=13.92kA, tk=1s and three-

phase applied voltage on the input terminals of cell 1. '

The combined vertical and horizontal indicators were placed in front of the MV Switchgear at

300 mm distance with doors of MV compartment opened, in front of the closed doors and

windows of the transformers compartments at 100 mm distance. S

Tests are performed according to own procedure PT 03.07. /

4. RESPONSIBLE FOR TESTS: Eng. Ilie Shora
5. PRESENT AT THE TESTS: Bng. Dimitar Dimitrov from “PAVEL and
SONS electric” Ltd., Bulgarda .- = .
6. TEST REPORT DOCUMENTATION Oscillograms 2 ; 7 Tables - 3y
Photos 3; . Drawings = 4.

© ICMET Craiova 2011/IM
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TEST REPORT No. 11188 |
7. DATA OF TESTING AND MEASURING CIRCUIT

TESTENé AND MEASURING DIAGRAM

T ~Power transformer C —Caopacitor

G ~Shertcircuit generator R . —Resiglor

Ik —6kY circuit breoker TR —Shock step up lransformer

Ip — 128V protection circult’ breaker 1C —Shock step down tronsformer

S -6V making swilch M1-M8—Mensuring points

Sk —1Z/ moking switch 0 —Apparotus to be tested

Xp—¥X ~Reoctors K ~Short-circuit

PiE
Table g™~
Number of phases 3 , |
Power supply / Connection Gl /A
Transformer / Ratio TR 7,8,9/1.907
Earthing Power supply -
Apparatus Net earthing connection

Reactor [Q] 0.133
Power factor <0.15 O
M1 - Test current — Rogowski coils 30 kKA/V X W%’
M4 - Power supply voltage - Voltage transformer 15000 V/100 V
M6 - Test voltage — Voltage divider 120 kV/60 V ‘
M8 - Data acquisition system TRAS 1 - 16 bit, 16 channels

8. INTERNAL ARC TEST
The test results are presented in table 2,

URS IpR R .
Oscillogram | UgT Ips 153 ki It med
vl | kAl | [ka] | [seed | [KAI
6.3 35.2 14.3 -

Cufrent |

80891/2011 | 63 352 | 143 | 007 143 J calibration - |-
64 | 37 | 143 &30 | Intomal are (7]

80892/2011 | 64 | 337 | 143 il 143 - test forﬂf}ﬂ\
6.4 R _ N IAC_AF. L f

Measurements weve performed with extended uncertainty of> 1% for voltage; 1.5% for current; 0.5% for
time and the confidence level P = 95 %. :

© ICMET Crailova 2071 1/IM
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TEST REPORT No. 11188 PAGE 3

8.1, Symbols used in tables and 0§clliograms

IRISIT = Short-circuit current/

IpR IpSIpT = Peak values of shoit-time withstand currents on the phases R,S,T.
Er s 4T R.m.s. values of short - time withstand currents on the phases R, 8, T.
t = The duration of short - circuit

It med Effective current mean value

DURS, DUST, DUTR = Voltage drop on ar¢

URS, UST, UTR = No-load applied voltage

1

il

8.2 Opinions and interpretations
1. Aspect of the prefabricated transformer substation and indicators in the test circuit before test

are presented in photo 1 and 2.

2. Aspect of the prefabricated iransformer substation and indicators in the test circuit after test
are presented in photo 3.

3. The indicators for JAC-AF were made of black cretonne (140g/m”)

4, During the test:

- the doors of MV Switchgear and the doors Power Transformer compartment didn’t open

- parts from the Substation and MV Switchgear didn’t fly off;

- the indicators didn’t ignite;

- the earthing connections are effective.

8.3 Assessment of the test result “\
Table 3 im;‘;,,

Criterion Result

1.The doors, covers etc. correctly secured do not open Fulfilled @

3. No fragmentation of the enclosure occurs during test Fulfilled -

3. Arcing does not cause holes in the roof and in the accessible sides upto a . Fulfilled

height of 2 m : ' :

4. Indicators do not ignite due to the gffect of hot gases “Fulfilled

5 The enclosure remains connected to its earthing poin{ Fulfilled

9. TEST RESULT; PASSED THE TEST

© ICMET Craipva 2011/iM



N

TEST REPORT No. 11188 PAGE 6

Photos 1, 2 - Aspect of the prefabricated transformer substation and indicators '_ :
in the test circuit before test AR

© ICMET Craiova 2011IM
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Photo 3 - Aspect of the prefabricated transformer substation and indicators
in the test circuit after test

© ICMET Craiova 2011/IM
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TECHNICAL SPECIFICATION

PREFABRICATED TRANSFORMER SUBSTATION MADE OF REINFORCED CONCRETE

Type: CCTS 20/0.4KV 1XBOOKVA
BrOpUCER: "PAVEL & SONS ELECTRICTLTD, , SHUMEN, BULGARIA
FACTORY Nunser: 19320

JASING: THE CASING OF THE GONCRETE PREFABRICATED SUBSTATION |8 MADE OF WATER —TIGHT
REMNFORGED GONCRETE B486;
44, MEASUREMENTS { ROOF INCLUDED)
L= 32000y B=2100mm; H=2600nM04;
WEIGHT WITH TRANSFORMERS: 12 100KG;
EQUIPKMENT:
2.1, EQUIPMENT ON THE MIDDLE VOLTAGE SIDE;
COMPLETE DISTRIBUTING DEVICE - 8DJH RET SIEMENS, WHICH CONSISTS OF CABLE “N
20KV,CABLE “QUT" AND "TRANSFORMER PROTECTION”.
2 2. INTERGONNECTIONS 20 KV FROM MV SWITCHBOARD TO TRANSFORMERS NAZX(F)2Y
AxixbB0mm2.
2.3, TRANSFORMER:
TRANSFORVER 20/0.4KV 800 KVA
DIMENTIONS:
E=1600Mm.
= 2NN,
== 528 M.
9 4. CONNECTING CABLE FROM TRANSFORMERS TO LY sSWITCHBGARD —
NYY 3x{4xX240Mm2)+2X240MM2.
2 8.R8AIN CIRCUIT ~BREAKERS OF LV SWITCHBOARD ~ AUTOMATIC CIRCUIT-~BREAKERS BIEMENS

.

1250A.

2.6 TERMINALS OF LV SWITCROARD ~ VERTICAL SWITCH DISCONNECTOR WITHFUGES
MULTIVERT 400A - § PBC. “M.SCHNEIDER™ AUSTRIA 7

2.7. COPPER BARS’ SYSTEM: [»’"

PHSTRIBUTING RIMS —~ COPPER BARS 8010w, i

CONNECTION BETWEEN MAIN CIRGUIT — BREAKER AND DISTRIBUTING RIMS —~ COPPER BARS

50301 5810, o

CURRENT TRANSFORMER:

CT-4 12B0/5A

5VA GRADE OF FIT 8.5
TH max BOKA.

Produce of concrete complete transformer substation, di

— e

T S T R P T O R e e A R T R i S
wait nffice address: 9700 Shumen, Bldv 12 Madara; tel: 1359 54 87 44 99; Fixz 438
Cofia affice address: 1000 Sofia Bldv 129 Vitosha; lek +359 2 952 24 05; fox: +359 2552 6720

aanaik pffice@pavelspnssem webr wwvypavel-Someron

© ICMET Craiova 2011/IM
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3 EARTHING HETALATION:
INTERNAL CONNECTIONS- GONDUCTCOR HO7V-K 1xa0mm2.
CONNECTION BETWEEN NEUTRAL COPPER BAR AND POTENTIAL GOPPER BAR — CONDUCTOR HO7TV-K

X1 E0MM2.
CONNECTION TO EXTERMAL EARTHING CONTOUR ~HOTV-I Tx50MM2,

RATINGS OF PREFABRICATED SUBSTATION:

-FLATED VOLTAGE ON MV SIDE — 24KY;

-CIPERATED VOLTAGE GH MY SIDE — 20KV,

-RATED INSULATION LEVEL ON MV SIDE -80KV;

-RATED LIGHTNING IMPULSE WITHSTAND VOLTAGE ON MV SIDE-125KY);
~-RATED VOLTAGE O LV SIDE — 4KV,

-RATED INSULATION LEVEL ON LV SIDE -2,5KV,;

RATED NORMAL CURRENT OF MV BUSBAR-400A;

JRATED LIGHTNING HAPULSE WITHSTAND VOLTAGE ON LV SIDE- BrY;
-RATED FEEDER CURRENT -830A;

~-RATED FEEDER GURRENT FOR TRANSFORMER PANELS —~ 2004
JULAIN CIGUIT BREAKERS ON LY BWITCHBOARD-T250A;

JRATED SHORT TIME WITHSTAND CURRENT ON RV $IDE -20KA/1S;
SPEAK WITHSTAND RATED CURRENT ~ ON MV SIDE-50KA;

SSHORT TIME WITHSTAND CURRENT ON EARTHING CIRGUIT -16KA

cquinment for the power engineering

P

distribution pancls and

g,

ij%

S
LY

Produce of ébnc,rg:-te complete transformer substat

Ha ocHoBaHue un. 2
ot 33714

BaveE: 11.07.2011 PREPARED: ENG
THUMEN : CHECKED: ENG, 7

Salia office address: 100U Sofia MAv 120 Vieoshay tek +359 2 952 24 05 fas: +359 2 GS2 67 20

e-mail oBice@naveltopscon web: wipspevel-SUNscn

- © ICMET Cralova 2011/IM
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Qut In Transformer
protaction
NAZXS(FIZY 3x{1x80)mm2
Gl Transformer 800 kVA
20/0.4 kV
NYY O 3x[4x(Tx240)]«2x{1x240)nm2
g_Lszffchboard r 164
E ¥ i s I as | Qs
E pmmen  1250A g £ g
P [ I
i {g ! interior light
é [
%
i ip 6A-3 pes.
| e
! curent ranslformersd.
! 126075 A - 3 pes. <
! : ot” GAKY LILDLEN
! INRRRRRREE
i 4 4 , &
| V4 P §g
i Frey
i [ i
; L
5 variloal switch disconnector with fuses 4004 - 5 pes,
L

PAGE 13

[

"PAVEL and SONS électric” Lid.
Sthumen oity .

T .'

bRalHa ocHoBaHue un. 2

CCTS
20/0.4kV  BOOKVA

~ Cirouit diagram

|

e
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éESEARCH-DEVELOPMENT AND TESTING NATIONAL
| INSTITUTE FOR ELECTRICAL ENGINEERING

ICMET CRAIOVA

ROMANIA

«Qvidiu Rarinca” HIGH POWER LABORATORY-LMENCERCARE
200515-CRAIOVA Calea Bucuresti Nr. 144 ROMANIA ]

Phone: +40 351 402427; Fax:+40 351 404 880; +40 25141548 a

E-mail: imp@icmetsro

TEST REPORT LML
SREN (90/0E] 17025°2
No. 9912 / June 22, 2007 CERTIFICAT OF ACREDITARE

Ny, 004-L

Tested product: 20/0.4 kV, 800 kVA Complete transtormer substation

Test: Internal arc test

Test method: According to 1EC 62271-202/2006, Annex A

Test date: June 22, 2007

Test resuli: Passed the test. \&
_Head 04’ LMP: Respounsible for quality assurance: Resptlnsible f‘-.orttest group:

Ha ocHoBaHue 4n. 2
ot 3314

e, T

Test witness: Eng. Velimir Dimitrov and Eng. Dimitar Donchev from Pavel & Son

Report has 15 pages and it is edited in 4 coples from which 3 copies for customer.

Note:
1. Publication or reproduction of the contents of this report in any other form unless its complete

" photocopying is not allowed without Jaboratory and RENAR writing approval. . .7
2. Results refer to test product only, o
3. Accreditation of the laboratory or any of its Tes
constitute or do not imply themselves an approval 0

acereditation or any other body. L
7 P10ot-Olae

t Reports issued under accz‘edﬁtaii_oﬁ_fr;éiahe:’do not
fthe product by RENAR which gave the.,

® ICMET Craiova 2007

Ao
M’)‘“”M j



PAGE 2

TEST REPORT No. 9912

CUSTOMER: PAVEL & SONS
Central office; 9700, Shumen BULGARIA
MANUFACTURER: PAVEL & SONS

Central office: 9700, Shumen BULGARIA

IDENTIFICATION OF APPARATUS

Substation MYV switchboard LV Switchboard
(Siemens)
Type BM O1A3] 8DJ20
Serial number/Year Q7057 12007 CVT766249000020/001/ 2007
Technical documentation -
Drawing BM 01A31
Order no.; Contract No. 5621/ 11.06.2007
Product receiving date: April, 2007
Product condition at - New
receiving:

PERFORMANCES ESTABLISHED BY PRODUCER
Substation MV switchboard LV Switchboard

Rated voitage 24 kV 24 kV 400 V
Rated power 800 KVA - - (f\\\
Rated current - 400 A 1250 A -
Rated frequency 50 Hz 50 Hz 50 Hz .
Rated short-time withstand current 5;:»
- peak value (Ip) 40 kA 40 kA 84 kA o
- r.m.s. value (Ik) 16 kA 16 kA 40 kA !
Rated duration of short-circuit (f) 1 s 1 s 1 s

B B B

Classification TAC

TEST PROGRAM

1. One three phase current calibration test.
2. One internal arc test on MV switchboard type 8DJ20 with two phases (RS) arc initiation

point on input terminals by means of a copper wire having 0.5 mm diameter at parameters:
Ip =40 kA, Tk =16 kA, tk = | 5 and 6 kV three-phase applied voltage on output ftenmnals of
MV switchboard type 8DJ20. Supply was made with cooper cables of 1x180 mm * brought by

customer,

Test circuit is presented at page 7.
The combmed vemcal and horizontal mcl:cators were placed in front of the d

in front of LV compartment at 100 mm distance corresponding to accesstblhty class B.
The tests were performed according to own technical procedure PT —03.07,

TEST REPORT DOCUMENTATION:  Oscillograms 2 ; Tables |
Photos 3, Drawings |

p102-01E
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TESTING AND MEASURING DIAGRAM

}k__; B

et
peeon

Alad

T —FPrower fransformer

5. —Shorleireuit generatar

Ik —BRY circuit breaker

ip —12kY protection circuit breaker
Sc —BKY making switch

Sk ~12K¥ maoking ewilch

| Ap—%_ —Reactors

C ~Lapacitor

R —Resistor .
R —Shack. step up transformer
1 ~Shock step down transtormer
M1-ME--Mensuring points

O —Apparatus to be tested

K ~Short--circuit

PIE
DATA OF TESTING AND MEASURING CIRCUIT -
: Table 1
Test duty Internal arc test on MV compartment
Phases number 3 *im{fﬁ
Source/ connection G3/A
Transformer/report TR 4,5,6/107
Earthing Source -
: Apparatus Net earthing connection
Reactor [mQ] 133, 133,133
Power factor <{0.15
M1 - Apparatus current - Rogowski coil 70 KA
M4 - Supply source voltage - Voltage transformer 15000 V/100 V
M6 - Apparatus voltage - Voltage transformer 35000 V / 100 V

pl127-01l¢
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VALUES OBTAINED ON TESTS ' |
Table 2

Oscillogram | Ugs Lz Ix DUss Remarks
No. Ust Is Ls A t, DUsy |
Uig Lr Iy DUir
[kV] [kA] [kA] [kA] [s}] [V]
3 20.23 8 -
69404/2007 3 20.23 8 8 0.235 - Current calibration
3 - - -
6.2 40.7 17 660 Internal arc test on
69406/2007 6.2 - 17 17 1 - Medium voltage
6.2 - - - compartment

The measurements were performed with uncertainty of: 3 % for voltages-; 3% for currents; 2.5%

for time and the confidence level P = 95%.

SIMBOLS USED IN TABLES AND OSCILLOGRAMS
= Peak values of currents on the phases R, S, T.

Lr Tps Tor

Ig Lisitr = R.ms. values of currents on the phases R, S, T.

fy = The duration of short - circuit

L rmed = R.m.s. current mean value A
DUgs, DUsr, DUrg = Voltage drop on arc \

Ugs, Ust, Urr = No-load applied voltage
| ™
REMARKS: R

1. Aspect of the Concrete Tran

in photos 1 and 2.,
2. Aspect of the Concrete Transformer Substation after test is presented in photo 3.

3. For accessibility class B, the indicators were made of black cotton (55 g/m?).

sformer Substation and the indicators in test circuit is presented

ASSESSEMENT OF THE TESTS
- Table 3

Criterion - Result

1.The doors®, covers etc. correctly secured do not open Fulfilled

2 Parts which may cause a hazard do not fly off Fulfilled

3. Arcing does not cause holes to develop in the freely accessible Fulfilled

external parts of the enclosure as a result of burning or other effects

4.The indicators arranged vertically do not ignite | Fulfilled

5 The indicators arranged horizontally do not ignite [ VFulfilled

6. All earthing connections are still effective { o~ | Fulfilled + /

# The doors belong to the prefabricated substation and cubicles.

PI83-01E




Photos 1 and 2 — Aspect of the complete transformer substation and indicators in t_ige,:'.t:es'_t”cir__cuit




Photo 3 - Aspect of the complete transformer substation after test
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MV Switchboard Siemens 20kV BDJ20 sh. 10

A4

l

i

f

|

|

i

]

|

!

!

! i
e
!

|
L

. Supply

Arc initiation point
NAZXS(F)2Y 3x1x50mm2

TM 800 20/0.4.

NYY-0 3x(4x240)+2x240 mm2
o 2P E62N6A

NS 1250N Microfogic 2.0 | e e
ﬁ . 1PEGING6A I é I

> TT1250/5A interior light
1f027mch '

E

,_
1
]
[ .
e AP

0.4KV RSTN  Cu 80/0

v

WYy ouTY =+ : tmnsr’oirrerprotecﬁon

Compiete lransformer substation
made of reinforced concrele
204 4KV BOO kWA

BMO1A31
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TEST REPORT
No. 10732

CIISTOMER: PPAVEL and SONS’* Lid.
12 Madara Blvd.Shumen Bulgaria

MANUFACTURER: YPAVEL and SONS” Ltd. 12 Madara Bivd,
12 Madara Blvd Shumen Bulgaria

TESTED 20/0.4 KV, 1000kV A- Prefabricated Tansformer Substation

PRODUCT: made of reinforced concrete

REFERENCE

STANDARD; TEC 62271-202 / 2006 clause 6.3

TEST

PERFORMED: Temperature-rise test and determination of thermal class / '
' I

TEST DATE: 12.02.2010 Ik

TEST RESTULT: Passed the tests

" Report has 15 pages and it is edited in 4 copies from which copy 1 for laboratory and copies :
2, 3 and 4 for customer.

HEAD OF | iG%*l POWER-BIVISION: HEAD OF LABORATORY: \ *

Ha ocHoBaHwue un. 2
ot 3314

TDATE OUF ISOUR, UL, ORdU L o=

1. Results refer (o test product onb
2. Publication or reproduciion of e coptents of His report in any ofirer form unless Hs complete photocopying is not allowed

without writing approval of division to whick luboratory belong fo.
3. dcereditation of the Iaboratory or any of its Test Reports issued wider accreditation regime do not consiftuic or do not

imply Memselves an approval of the product by the accreditation body.
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1. IDENTIFICATION OF TEST PRODUCT

Substation MV Switehgear Transformer
(RMU Siemens)
Type CCTS 81231 RRH T™ 100820
2050 4KV 1% 1000k VA : LEMI TRAFO BOOD-
Bulgaria
Serial number/year 100012010 CV 792414-000070/001 1108692009
Technical specification See pages 10,11 / see pages 1210 15
/Drawing
Contract no: 705.2/2312/29.12.2009
Product receiving date: 12.02.2010
Product condition at New
receiving,

2. TECHNICAL CHARACTERISTICS ESTABLISHED BY MANUFACTURER

Substation MV LY Panel Transformer
Switchgear

Rated power 1000 kKVA . 1000 KVA
Rated voltage 20/0.4kV 24kV G4 KV 20/04 kV
Rated current - GINA 1600A 28.87/14434
Rated frequency 30Hz 50Hz S0Hz 50Hz
Short-circuit voltage - - - 6.2%
Vector group - -

Total loses

3. TESTS PROGRAM '
3 1 One fest to check the temperature-tise limits of the transformer and the low voltage pan\e}\\
of substation. : £
The temperaiure rise test was performed at total losses of 16431 W up fo the oil temperature /(i‘,,/ '
stabilisation, followed by the heating at rated current In = 1443 A for one hour. ’
Supply was made through copper flexible ¢ables with § = 3x(5x240) mm” in low voltage
panel on terminal connection of fuses and high voltage windings were short-circutted. .
3.2 The temperature-rise test of the transformer outside of the substation \&;S,per\fomed by

supply the low voltage winding and short-circuit the high voltage winding at total foses..
16431 W up to the oil temperature stabilisation, followed by the heating at rafed ot au

In =1443 A for one hour. ‘
3 3 Determination of thermal class of the substation.
4. RESPONSIBLE FOR TESTS: Eng, llie Shora

5. PRESENT AT THE TESTS': Mr. Velimir Dimitrov from ‘Pavel and Sons’:iti::l". .. 4
6. FEST REPORT Disgrams -;  Tables

DOCUMENTATION
Photos 1. Drawings

©ICMET Craiova 201080
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!

£

7. TEMPERATURE-RISE TEST S
7.1 Three-phase supply cireuit for temperature rise test

riﬂ

O

Tig. 1 — Test diagram for current paths temperature-1ise test

G - Generator type GSAM - 390 kVA, 400 V, 50 Hz
PC - Connections panel
T - Adapting transformer made of 3 single-phase transformers of 400/25V,

10 kA, 50 Hz
CT - Current transformers type CIRSO —2000/5 A

O - Object to be tested

7.2 TEST CONDITIONS AND CALCULATION RELATIONS OF TEMPERATURE-RISE

Table 1
Test stage 1 11 ]
Loss Cument / period
Load type (W) (A / minufes)
16431 T 1A43/80

Calculation relations (IEC 60076-2:1993, clause 5.4):

8= (Ra / Ry}¥(235 + 01) - 235 - for cooper winding
Ae = 92 - 9;} .
ABy = Oy - 0a

where:
6, ,0; " - windings average temperature (inside the substation and outside the substation)

Ry Ry - windings resistance measured in cold condition(inside the substation and outside the

substation) P
R, Ry - windings resistance measured at shutdown(inside the substation afd. outside the
substation) Sy NRY
0;, 0 - environment temperature in cold condition (inside the substation.and outside the

substation) L ! At

8., 0, - environment temperature at the end of temperaiure-rise test (i'@é&g@é&,&&%’caﬁon
and outside the substation) R \

AB, A®” - windings temperature-n se(inside the substation and cutside the substation} |

By, 6/ - oil average temperature at the upper part(inside the substation and outside the

substation)
" AB, . ABy’ - oil temperature-rise {inside the substation and outside the substation}

T
H

@ [ICMET Craiova 2010/BC
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7.3 RESULTS OBTAINED A”T TEST
7.3.1 Transformer’s temperature-rise test outside the substation

Table 2
o Determined values i
Windings R/ 8y’ Ra 8,’ 8.’ AS AByT
@ |ecol @ ol K ) )
HV 462 5775 7125 61.15.
LY 1.506x10° 160 1.308x107 1.4 73.77 63.67 S8l

Measurements were performed with expanded uncertainty of: 3 % for voltages; 3% for

currents.:

9 5% for time and the confidence level P = 95%.

where;

HV - high voltage winding

LV - low voltage winding
73.2 Transformer’s temperaturc-rise fest inside the substation

Tabhle3
Determined values l
Windings Ry . 6, R, 0, 8, AB A8,
() 8] (&) G (K) &) (X)
BV 4.62 6.138 90,50 80.30
LY 1 506x107 10.0 2.015x167 102 92.80 82.60 6.8
‘Measurements were performed with expanded uncertainty of: 3 % for voltages; 3% for
currerits.
2 5% for time and the confidence level P = 95%,.
where:

HV - high voltage winding
LV - low voltage winding el
Remarks: Values of the measured resistances, calculated temperatures are presented in pages 5, 6,7

7.3.3 Measured values of currents, losses and temperatures

- Tabled

Time Hour | 13:20 | 14:20 | 1520 | 16:20 19:20 1 19:21 | 2021
Current L A 1534 | 1488 { 1475 | 1471 1 1448 | 1443 1 1443

on 15 A 1532 | 1493 | 78 | 1470 Foras6. | 1444 | 1444
phases I; A | 1547 | 1489 | 1480 | 1465 TUVESE | L4 3 | 1443
Avcragecurrent | Ip | A | 1538 | 1491 | 1478 | 1469 14557 1443
Measured P, W 5305 5360 { 3310 ?36{) 5271 5.2 1]
foss Py W 3315 | 5830 ?854 5851 3876 5768

Py W S312 | 5220 ) 5267 | 5220 | 5246 | 5278 5233

Tolal loss P W 16431 | 16430 | 16431 | 16431 | 16431 | 16431 | 16212
6. | °C | 1007 | 1009 | 10.11 | 10.12 | 10.14 10,16 -] 10:16 10.21

Environment 6. ] °C | 1004 1 1005 1 1005 § 10.09 | 10.10 - WL 1008 L 10,19

_ temperate 8] °C 1007 | a6 | 1007 { 100t | 1002 ] 1037 | ¥ 10.20
0, °C 1006 | 1008 | 1008 { 10.11 | 10.12 | 2016 §<] ; 10.20

Oil temiperature B, | °C | 59.85 | 76,59 | §137 | 8374 | 8462 8550 15040 87.00
Ol {emperaturcrise | AD, | °C_| 49.25 | 66.51 | 7129 | 7363 | 7430 75347 ‘?@8 % “ii{g 27 | 763

for time and the confidence level P = 95%.
© {CMET Craiova 2010/BC
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i

7.3.4 Symbols used in tabled:
B, : B2 . B3 - environment temperature in 3 measuring poits

8, - environment average temperature: 6, = {8y + 6, + 8., )/3
1;, I, I3 —phase current

Py, P;, Py —phase power

P — total loss

7.3.5 Values of the high and low voltage windings resistance measured after shutdown on

transformer outside the substation
The resistances of high and low voltage windings were measured in direct current for 10 minutes (one

reading at each minute) using the ammeter-voltmeter method. The windings resistances determination
at the time of shutdown (ta)

: Table 5
Time High voltage winding Low voltage winding
t{min] | Unv [V] Iyv [A] Ruv (] | Uwv[mV] Ly [A] Rovim(]

1 11.5 6.091 | 888 1.229 0.2137 5.751
2 i1.4 6.070 1.878 1.224 0.2137 5728

3 113 6.052 1.867 1.220 0.2137 5.710
4 11.2 6.028 1.858 1.215 0.2137 5.686

5 11.1 6,006 1.848 1.212 02137 . 5.672
6 11.1 6.033 1.840 1.208 (0.2137 5.653

7 11.0 6.011 1.830 1.208 0.2137 5.634

8 11.0 6.041 1.821 1.201 02137 | 5620

9 11.90 6.007 1.813 1.198 0.2137 5.606
i0 11.0 6.086 1,807 195 - 0.2137 5.592

Measurements were performed with expanded uncertainty of: 2.5 % for resistances and the confidence
level P =95%.

* The windings resistances determination at the time of shutdown (t0)
R,=5.77 Q HV - high voltage winding
R,=1.898*10~Q LV - low voltage winding

© ICMET Craiova 2010/8C
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R

7.3.6 Values of the high and low voltage windings resistance measured after shutdown on

transformer inside the substation
The resistances of high and low voltage windings were measured in direct current for 10 minutes (one

reading at each minute) using the ammeter- voltmeter method. The windings resistances determination
at the time of shutdown (to)

: Table6
Time High voltage winding Low voltage winding
t[min} UH’\-’ {\I] Iﬂ\f {A} RHV [Q} UL\; EIIIV] . IL\r [A] RL\-’ {mQ}
1 1.298 02131 6.091 12.100 6.035 2.005
2 1.293 0.2131 6.067 12.065 6.038 1.908
3 1.286 0.2132 6.034 12.033 6.040 1.986
4 1.281 0.2132 6.000 11.960 6.049 1.980
5 1.276 0.2173 5.980 11.910 6.058 1.970
6 1.272 0.2134 5.960 11.880 6,065 1.960
7 1.269 0.2134 5.946 11.840 6.075 1.951
8 1.265 02134 5928 11.810 6.082 1.942
9 1.261 0.2135 5.900 11,780 6.087 1.938
10 1.258 0.2135 5.892 11.770 6.096 1.930

* The windings resistances determination at the time of shutdown (to)
R,=6.138 Q@ HV - high voltage winding
R,=2.015*%10°Q LV - low voltage winding

® ICMET Craiova 2010/8C
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7.3.3 Temperature-rise of the l&g’ﬁf(}lmge equipment
“Table 7

No. | Elements and temperature measuring points Temperature-rise [ °K]
Calculed Admitted
R | § | T
1 | Circuit breaker terminals '
-Input _ 6548 66.87 67.19
-Output . ‘64,12 | 6533 | 67.89
2 | Terminal connection of fuses 32.78 | 3002 | 31.24 70
3 | Bus bar low voliage compariment 6223 | 6148 | 62.36
4 | Fuse handler 14.45
53 | Environment temperature 10.2

The measurements were performed with expanded uncertainty of 1.1% for temperature and
the confidence level P = 95%.

8. THERMAL CLASS DETERMINATION

To assess the thermal class the following relations (IRC 62271-202:2006, clause 6.3) will be applied:
Atl = tU = tal )
Aty =1y = tay.
At = Atz - Aty

where:

ty= - temperature of the transformer windings outside the substation,

ta= -environment temperature at the end of transformer temperature-rise test outs:de the _
substation ’ g}*‘“«

Aty= - temperature-rise of the transformer windings outside the substation N

ty= - temperature of the transformer windings inside the substation

t,o= - environment temperature at the end of transformer temperature-rise test inside the substation

Atz= - temperature-rise of the transformer windings inside the substation.

: ‘ Table 8
AL 0] | W€l | tml'Cl [ An’c) | tel'Cl | t[°Cl | MfC]
HV winding 61.15 TH25 80.30 90.50 19.15
LV winding 63.67 73717 101 82.60 928 102 1803
Oil 58.10 68.20 76.80 87.00. 18,70

Thermal class: because 15 K <At <20 K = Class 20 / -
9. REMARK '
Aspect of the substation in the test circuit is presented in photo from page 9.

10. TEST RESULT: Temperature-tise of the low voltage equipment did ot exgeed the spec:ﬁed
limits (see table 7) and thermal class is 20 (sce table 8}, .

© ICMET Craiova 2010/BC
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Technical specification
Prefabricated transformer substation made of reinforced conrcrete

Type: CCTS 20/0.4kV ix1000kVA
Producer: “Pavel & sons”Lid. , Shumen, Bulgaria
Factory number: 10001

Casing: The casing of the Concrete Prefabricated Substation is made of water -{ight
reinforced concrete B45;
1.1 Measurements { roof Included) :
L= 31000 Be2400sma; H=2750mm;
Weight with transformers: 13 350kg;
Equipment:
2.1 Equipment on the Middle Voltage side:
Complete distributing device - 8DJH RRT Siemens, which consiets of cable “IN”
20%V,cable “*OUT” and “Transformer protection”.
2 2 Interconnections 20 KY from BV switchboard to transformers NAZX(F J2Y3x1x
50mma.
2.3. Transformer:
transformer 20/0.4kV 1000 kKVA
Dimentions:
L=1860rmn.
W={100mm.
H=1830mm.
2.4.Connecting cable from transformers to LV switchboard -
MYY 3x(4x240mm2}-2x240mm2.
2 §_Main clrcuit ~breakers of LV switchboard — automatic clrcuit-breakers
NS1600N Micrologic 2.0. :
3.6 Terminals of LV switcboard — vertical switch disconnector with fuses
MULTIVERT 400A - 6 psc. “m.schneider” Austria
2.7. Copper barg’ system:
Distributing rims — Copper bars S0xTSmm.
Connection between main clrcuit — breaker and distiibuting rims — Copper bars

Kzismm. s
Current transformer: ‘

CT-6 J505A
5VA grade of fit 0.6
tth max 50KA, :
3.Earthing instaiation:
Internal connections- steel bar 40x4mm.

Ratings of prefabricated substation:
-Rated voltage on MV side — 24KV;
Dperated voltage on MV side 20kV,
-Rated insulation level on MV side -50kV;
-Rated lightning impulse withstand voltage on MV side-128kV;
-Rated voltage on LY side — 0.4kY;
-Rated Insulation leve! on LV side -2,5kV;

“&ICMET Craiova 2010/BC
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-Rated normial cunvent of MV busbar<£00A;

-Rated lightning impulse withstand voitage on LV side- 5kVY;
-Rated fecter current -4004;

~Rated feeder current for ransformer panels — 2004,

-fain circuit breakers on LV switchboard-16004;

-rated short time withstand current on MY side ~16kA/is;
-peak withstand rated curent — on MV side-40kA;

-Short time withstand current on earthing circuit ~16kA

Date: 02.02.2010 Prepared iHa ocHosaHve un. 2
Shumen Checked:| o7 3301

)

® ICMET Craiova 2010/8C
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HIGH POWER DIVISION

HIGH POWER LABORATORY sesedilal porstru

IHCERCARE
“QOvidiu Rarinca” i
200746-CRAIOVA, Bivd, DECEBAL No. 118A, ROMANIA ‘ ;gpﬁ
Matriculation certificate: 116/312/1999, VAT number RO387 1599 (] N
Phone: (351) 402 427 Fax (251) 415482 (351) 404 890 SREN 190/0F! 17625:3005

CERTIFICAT DE ACREDITAJi )
""""""""""" L 00442010

TEST REPORT
No. 11613

CUSTOMER: “PAVEL and SONS electric” Ltd
12 Madara Blvd. 9700 Shumen, Bulgaria

MANUFACTURER: “PAVEL and SONS electric” Ltd
12 Madara Blvd. 9700 Shumen, Bulgaria

TESTED 2x1000 kVA, 20/0.4 kV, Prefabricated Transformer
PRODUCT: Substation made of Reinforced Concrete
REFERENCE [EC 62271-202/2006 clause 6.8 and Annex A
STANDARID:
TEST Internal arc test in switching compartment .k
PERFORMED: —
' : o
TEST DATE: 08.02.2013

TEST RESULT: Pasgsed the test for IAC - AB

Test Report has 28 pages and it is edited in 4 copies from which copy 1 for laboratory and copies
2,3 and 4 for cusion‘f

HEAD OF HIG}-{ POWER DIVISION: HEAD OF LABORATORY:

Ha ocHoBaHue un. 2
ot 33514

EEEF 3*«/ P "

DATE OF ST 12.02.2013

1. Resulrs refer to test product onfy.

2. Publication or reproduction of the contents oj !Im report in any other jorm unless its complete photacopying is not aliowed
withoui writing approval of division to which labaratory belongs to.

3.Accreditation of the laboratory or any of its Test Reporis issued under accreditation regime do not constitute or do rof
imply themselves an approval of the product by the_acereditation body.
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TEST REPORT No, 11613 PAGE 3
L IDENTIFECATION OF APPARATUS .
Substation v MV Switchgear (RMU Siemens)
Type CCTS 20/0.4 KV/2x1000 KVA  8DJH TRRT
Serial number/vear 13002/2013 CV 825226-00020/001/2012

CV 841392-00020/0601/2013
Technical specification/Drawing  See page 10 and 11/ See pages 12 to 25
Contract No.: 705.2/8658/21.01.2013
Product receiving date; 08.02.2013
Product condition af receiving;  New

2. TECHNICAL CHARACTERISTICS ESTABLASIIED BY FRODUCER
Substation MV Switchgear

Rated power 2x1000 kVA -
Rated voltage 20/0.4kV 24 kV
Rated current 23.09/1154.7 A 630 A
Rated frequency 50 Hz 50 Hz
Rated short - time withstand current:

- peak value 40 kA 40 kA
- r.m.g. value 16 kA 20 kA
Rated duration of short-circuit (i) s 1 s
IAC Classification AB AF
Internal fault current 16 kA 16 kA
Rated duration of internal fault current Is ls

3. TESTS PROGRAM

The internal arc tests were performed on MV Switchgears (RMU Siemens) containing:

- Cell 1 Transformer protection;

- Cell 2 Incoming / Qutgoing;

- Cell 3 Incoming / Outgoing;

- Cell 4 Transformer protection .

3.1 Current calibration fest.

3.2 Internal arc test for IAC B with three phase arc initiation point inside of tank of RMU serial

no. 825226-00020/001/2012 from cell 1 and three phase applied voltage on the input terminals of cell 3 of

RMU,

3.3 Internal arc test for TAC A with three phase arc initiation point inside of tank of RMU serial no,

841392-00020/001/2013 from cell 1 and three phase applied voltage on the input terminals of cell 3 of

RMU.

Test paramcters were: Ip=40kA, k=16 kA tk=1¢ /Z
1er.

Arcing point was initiated by meaus of a copper wire having 0. 5 mun diame
Supply was made with flexible copper cables of 3x(1x185 mm?),

The combined vertical and horizontal indicators were placed:

- for IAC B: in front of the closed door of MV compartment, transformers compartment,
and windows at 100 mm distance ;

- for JAC A: in front of RMU {(opened doors of MV compartment) at 300 mm distance and in front of
closed doors of transformer compartment, LV compartment and windows at 100 mm distance.

V ¢ompartment

4. RESPONSIBLE FOR TESTS:
Ha ocHoBaHue un. 2
ot 3311
S, PRESENT AT THE TESTS:
6. TEST REPORT DOCUMENTATION .3
Photos g Drawings ‘14,

@ [CMET Craiova 2013
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7. DATA OF TESTING AND MEASURII\G CIRCUIT

TESTING AN}D MEASUR!NG DIAGRAM
!%< Sc
..
K
§—m—4 :; G R
=
il
T ~Power tronsformer C ~Capacitor
G ~Shorteircuit generaltor R -Resislor
ik ~BkY circuil breaker R -Shock step up tronsformer
lp ~12kY protection circuit breaker 1C ~Shoack step down transformer
Sc  —BkY moking switch M1—M8 —Measuring points
Sk —12kV making switch 0 -Apparatus to be tested A
Xp—X_ —Reaclors K -Short~circuit
P1
Table 1
Number of phases 3
Power supply /Connection | ~~~~~ Gl/A . e
Transformer / Ratio _ TR4,5,6/1.07 Lo
Earthing Power supply | - 4‘*6" -
Apparatus Net earthing connection '
Reactor 9] o o 0.133
Power factor <0.15
M1 - Test current — Rogowski coils 30 kA/V ‘
M4 - Power supply voltage - Voltage transformer 15000 V/100 V
M6 - Test voltage - Voltage divider 120 kV/60 V
M8 - Data acquisition system TRAS 1 - 16 bit, 16 channels

8. INTERNAL ARC TEST
The test results are preseuted in table 2.

Table 2

URS IR TR DURS /
Oscillogram | {JgT Ips LR t Tt med DUST /
No. UtR | %pT 4T DUTR
kv] | rkal | kap | fseed | (kAL Iv]
84780/2013 | 6.1 42 16.1 - Current
6.1 ) 162 02 | 1613 - urren
6.1 i 16.1 ] calibration
84781/2013 6.4 40 16.2 75 Intcrnai arc test
64 ; 16.1 i 16.13 s | dor
6.4 . 16.1 70 | asce
84782/2013 6.4 415 16.1 672 Inte/p Iﬁt‘g«tesg
6.4 ] 162 1 16.16 708 . | ;
6.4 . 16.2 608 | L1AD- .’»f*u*“\,

Measurements were performed with extended uncertainty of 1% for voltage; 1.5% for current; 0.5% for time and }

the confidence level P = 95 %,

© ICMET Craiova 2013
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8.1. Symbols used in tables and oscillograms

IRIg Iy = Short-circuit current v

IpRIpSIpT = Peak values of short-time withstand currents on the phases R, S, T.
GrhstT = R.mus. values of short - time withstand currents on the phases R, S, T.

t = The duration of short — circuit

It med = Effective current mean value

DURS, DUST, DUTR = Voltage drop on arc
URS, UST, UTR = No-load applied voltage

8.2 Opinions and interpretations

1. Aspect of the prefabricated transformer substation and indicators in the test circuit before test
from IAC B are presented in photos 1 and 2.

2. Aspect of the prefabricated transformer substation and indicators in the test circuit after test
from IAC B are presented in photos 3 and 4,

3. Aspect of the prefabricated transformer substation and indicators in the test circuit before test
from IAC A are presented in photos 5 and 6. )

4. Aspect of the prefabricated transformer substation and indicators in the test circuit aftor test
from IAC A are presented in photos 7 and 8.

5, During the test:

. the doors of MV Switchgear , the doors of MV compartment, power transformer compartmen
LV compartment didn’t open ;

- parts from the Substation didn’t fly off;

- arcing didn’t make holes in the substation;

- the indicators didn’t ignite; Q\
- the earthing connections are effective. f;(;__’/
8.3 Assessment of the fest result
Table 3

Criterion Result
{.The doors, covers etc. correctly secured do not open Fulfilled
2. No fragmentation of the enclosure occurs during test Fulfilled
3. Arcing does not cause holes in the roof and in the accessible sides up to a Fulfilled
heightof 2 m
4, Indicators do nof ignite due to the effect of hot gases Fulfilled
5. The enclosure remains connected to its earthing point o Fulfilled

I X f
9, TEST RESULT: PASSED THE TEST -

T
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Photo 1 and photo 2 - Aspect of the prefabricated transformer substation and indicators in the test
circuit before test from IAC B

© ICMET Craiova 2013
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circuit before test from TIAC A
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TECHNICAL SPECIFICATION

PREFABRICATED TRANGEORMER SUBSTATICHN MADE OF REINFORCED CONCRETE

Type: CCTS 20/0.4kV D1000KVA
PRODUCER: “PAVEL & SONS sLECTRICTLTD. , SHUMER, BULGARIA
FACTORY NUMBER: 13002

ment Tor the power ehpieering

JASINGE: THE CASING OF THE CONCRETE PREFABRICATED SUBSTATION 18 MADE OF WATER ~TIGHT
REINFORCED CONCRETE B45;

4.1, [AEASUREMENTS [ ROOF INGLUDED) :
L= 4600w B=2800mm H=2830mMm;
WEIGHT WITH TRANSFORMERS: 25 10046,
EQUIPKENT:

2.4, EQUIPWENT ON THE MIDDLE VOLTAGE SIDE!
COMPLETE DISTRIBUTING DEVICE - BDJH TRRT SEMENS, WHICH CONSISTS OF CABLE “IN”, CABLE
SEUT™ ARD “TRANSFORMER PROTECTION" = ZPCS,

2.2, iN’!‘ERbONNECTIDMS 20 KV FROM BV SWITCHEOARD TO TRANBFORMERS NAZ&S(F}
31X B0,

2.3, TRANSFORMER!

TRAKSFORMER 20/0.4xV 1000 KVA — ZPCS,

DIMENTIGNS:

£=1900MmM, o
Vet {00, /

tisn pancls ond cguim

1.
{

y,
cr subsiaijon disiri

H=1800mm,

2.4.CONNECTING CAGLE FROM TRANSEORMERS TO LV SWITCHROARD -
Y'Y 3x{4x300mu H12x300m°,

% B AN CIRCUIT ~BREAKERS OF LY SWITCHBOARD « AUTOIATIC CIRCUIT-BREAKERS
NS 1600A “ScHNEIDER ELESTRIC”,

2 6. TERMIRALS OF LV SWITCBOARID — VERTICAL SWITCH DISCONMECTOR WITH FUSES
RLILTIVERT 630A - 5 pCS, “M.SCHNEIDER" AUSTRIA

2.7. COPPER BARS' SYSTEM!
EHSTRIBUTING RIMS — COPPER BARS 1200 106M,
CONNEGTION BETWEEN MAIH CIRGUIT ~ BREAKER ARG DISTRIBUTING Ris — GOUFFER mz»c
2X(B0X10mMm), <

. ~ \\ ; -
Prociee of concreie complSle translorm

3 EARTHIRG (NBTALATION:
THTERNAL CONNECTIONS- CONBUCTOR HOTV I 1X50Mmm2,

fave 1 012

A

kfsin affice a

ndn o Loe mildeesu T Sub Pk e, ok - ARG D ORT 24

G e e el
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CONNECTION BETWEEN NEUTRAL COPPER AR AND POTENTIAL COPPER BAR — CORDUCTOR HOTV -

1X150mMM2,
CONNECTION TO EXTERNAL EARTHING CORTOUR ~HOTV-I 1xE0mwm2,

PAGE 11

L4

NN

RATINGS OF PREEABRICATED SUBSTATION:

~RATED VOLTAGE ON MV siDE ~ 24KV,

-OPERATED VOLTAGE O MV SIDE ~ 20KV,

RATED INSULATION LEVEL ON RV SIDE -5QKV;

JRATED LIGHTNING IMPULSE WITHSTARD VOLTAGE ON MV sine-125KV;
-RATED VOLTAGE ON LV SIDE -~ G.4KV;

-RATED INSULATION LEVEL ON LV SIDE -2,BRV,

RATED NORMAL CURRENT OF MV BUSBAR-400A;

RATED LIGHTNING IMPULSE WITHSTAND VOLTAGE O LV SIDE- 8KY;
RATED FEEDER CURRENT -G30A; S
JRATED FEEDER GURRENT FOR TRANSFORMER PANELS - 2004;

SMAIN CIRCUIT BREAKERS ON LV SWITCHRCARD-12E0A;

-RATED SHORT TIME WITHS TAND CURRENT ON MV SiDE -20KA/ 1S,
SPRAK WITHSTAND RATED CURRENT ~ OH MV sipe-50KA;

~SHORT TIME WITHSTAND CURRENT ON EARTHIRG CIRCUIT -TGKA

Ha ocHoBaHwue un. 2

Drarg: 28,01, 2043 Preparep:| 073310
SHUMEN CHECKED: ¢

Weal i Anatves

ot o adelpaos B Rala b 129 Ve

P EERT TR I coo e

@ ICMET Craiova 2013 f
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