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"PAVEL gnd SONS eleciric” Lid.
Shurmen city, Bulgaria
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RESEARCH, DEVELOPMENT
AND TESTING NATIONAL
INSTITUTE FORELECTRICAL | /

INCERCARE

J———
T A wfm
n’ )

ENGINEERING N

SR EN{SU/CEL 1702512005
CERTIFICAT DE ACKEDHTARE
Ny, 430 L

HIGH VOLTAGE DIVISION ~ HVD

ELECTROMAGNETIC COMPATIBILITY LABORATORY - EMC Laboratory

Calea Bucuresti Nr.144, 200515 Craiova, ROMANIA
Phone: + 40 351 402425, 404888, 404889; Fax: + 40 251 415482, 351 404890
www.icmet.ro, e-mail: market@icmet.ro ™

TEST REPORT \

r———

constitute or imply, themselves, an approval of the product by the accreditation body

No. 41578 / 09.05.2008
1. Customer; Pavel & Sons Ltd. L]
2. Customer’s address: Centrai office; 9700, Shumen - BULGARIA
3. Manufacturer: Pavel & Sons Lid.
4. Manufacturer's address:  Central office: 8700, Shumen - BULGARIA
' 5. EUT: Prefabricated Transformer Substation 20/04 kV, 2 x 800 kVA type
BM 02, Serial no. 08126/2008
6. Tests: Measurement of electric fisld
Measurement of magnetic field
7. Test date: 06.05.2008, 07.05.2008
8. Test standard: European Directive 2004/40/EC
9. Test resuit; The Results will be declared
10. The Test Report contains 8 pages and was edited in 4 copies of which 3 copies for Customer.

Head of Laboratory, Test witnessed by,

Ha ocHoBaHue un. 2 Ha ocHoBaHue un. 2

ot 33114 ot 33114

Head of High Vg;ga_ﬁ}'\ef'piy\;‘sg’g”n;;-ﬁ% .
Ha ocHoBaHue un. 2 AN
ot 3311
CAUTIONS:
a. The results refer to test product only. . \
b. Publication or reproducffon of the content of this report in any other form unless st compfefe !
photocopying is not alfowed without the written approval of the division the laboratory befongs to.

c. Accreditation of the Laborafory or any of its Test Reports issued in accreditation regime do not

© ICMET CRAIOVA 2008
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TEST REPORT No. 41578 Page 3

1. General information about EUT

1.1 Description of the EUT:
Type of EUT: Prefabricated Transformer Substation 20/04 kV,; 2 x 800 kVA
Model: BM 02
Serial number; 0812672008

1.2 Technical data:

Rated voltage: 20 kV
Rated power: 2 x BDO kVA
Dimensions: 4400 x 2600 x 2830 mm

1.3 Operating modes used for the {est:
1.3.1 During the electric field measurement the EUT was supplied at rated voliage.
1.3.2 During the magnetic field measurement the EUT was supplied at rated cutrent.

1.4 Test Standard

Directive 2004/40/EC of the Eurcpean Parliament and of the Councit of 29 April 2004, on the minimu
health and safety requirements regarding the exposure of workers to the risks arising from physical agenits:,
{(electromagnetic fields)

2. Measuring resuits

2.1 Results of the electric field strength measurement -

' o

General information about the test:

Tested by: Eng. Paul Nicoleanu [*Y
Test date: 06.05.2008

Measuring instruments:

Description Manufacturer Type Serial
EM Field analyzer | Narda Safety Test Sclution GmbH, Germany EFA-300 §-0007
E-Field Unit (EFA-300) | Narda Safety Test Solution GmbH, Germany | BN 2245/00.31 P-0003
Environmental conditions:
Parameter Rated value Measured value _
Ambient temperature: 0°C+50°C (148+0.1)°C
Atmospheric pressure: unspecified 1007 mb?’rf‘ y
Relative humidity: 5%+85% 64 % .
Test pfan: A
E-Field unit of EFA 300 EM Field Analyzer was pEaced at Tm/
Test set-up: height in central part of each side of the EUT, .
The maximum value over 8 minutes penod was measured
Operating modes: According 1.3.1 :
Distance hetween EUT and E-Fileld unit: | 1m

Test procedure:

it was measured the electric field strength using the EFA 300 EM field analyzer and E-Field umt
The measurement was performed éon each side of the EUT.

C:\Doclements and Settings\Panlica\My Documents\Laborator incercari CEM\Incercari\Pavel ans sons\Tesi Repori Prefabricated Substation.doc

N
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Measuring points:

ASTE

FAGADE A FACADE S FAGADEG FACADE D
Measuring results;
Measuring point 1 2 3 4
Measured value E {Vim) 4.08 7.48 4.09 4.21
Percent of limit Imposed by 2004/40/EC (%) 0.04 0.07 0.04 0.04

Result; The maximum value of electri¢ field strength measured was 7.48 V/im and it was obtained In
the point humber 2 shown on the above drawing.

The measurement uncertainty is = 3.4 dB. The reporied uncetrainty Is an expanded uncerfainly, based on
a standard uncertainty multiplied by a coverage faclor k = 2, providing a confidance lavel of approxim tal{
95 %.

2.2 Results of the magnetic field measurement

General information about the test:

Tested by:

Eng. Paul Nicoleanu [

Test date:

07.05.2008

Measuring instruments:

Description

Manufacturer

Type

Serial

EM Field analyzer

Narda Safety Test Solution GmbH, Germany

EFA-300

5-0007

Envirenmental conditions:

Parameter Rated value Measured value
Ambient temperature: 0°C+50°C (18.5 £ 0.1) °C
Atmospheric pressure: unspecified 1006 mbar
Relative humidity: 5%+85% 68 %

Test plan:

Test set-up:

EFA 300 EM Field Analyzer was placed at 1 m height it
three sides of the EUT (points 5 - 7); !
EFA 300 EM Field Analyzer was placed hear the EUT (points
The maxirmum value over 6 minutes period was measured

m central.

Operating modes:

According 1.3.2

Distance between EUT and
EM Field Analyzer:

1m(points 6 -7,
$.02 m (points 8 - 21)

Heights of points:

1m{points5-7)
2,7 m (points 8, 10, 12
0.8 m(points 9, 11, 13

, 14,16, 18, 20)
, 18, 17,18, 21)

Test procedure:

it was measured the magnetic induction using the EFA 300 EM field analyzer.
The measurement was performed on three sides of the EUT (the forth side was inaccessible).

o \Documenis and Septings\Panlica\dy Dacuments\Laborator Incercari CEM\nvercari\Pavel ans sous\Test Report Prefabricared Substation. doc

o
\ A
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TEST REPORT No. 41578 Page 5

ieasuring points:

_’l

O NS P
FACADE A& FACADE R FACADE C FAGADED
Measuring results:

Measuring point 5 B 7
Measured value B (uT) 6.88 | 21.67 | 22.99
Percent of limit imposed by 2004/40/EC (%) | 1.37 | 433 | 4.59
Measuring point 8 9 10 11 12 13 14
Measured value B {uT) 16.37 1 17.29 | 10.51 | 1218 | 1854 | 21.25 { 1027
Percent of limit imposed by 2004/40/EC{%) | 3.27 | 346 | 210 | 224 | 371 | 425 | 2054
Measguring point 15 16 17 18 19 20 21
Measured value B (1) 67.46 | 2962 | 321.5 | 132.4 | 219.4 | 28.26 | 24.51
Percent of limit imposed by 2004/40/EC (%) | 13.40 [ 50.24 | 6430 [ 26.48 | 43.88 | 565 | 4.90
Result; The maximum value of magnetic induction measured was 321.5 T and it was obtained in the
peint number 17 shown on the above drawing.

The measurement uncertainty is £ 3.3 dB. The reported uncertalnty is an expanded uncertainty, b sed on
a standard uncertainty multiplied by a coverage facior k = 2, providing a confidence level of approxknately
85 %. :

3. Appendix

Test set-up for measurement of efectric field

e \Doctinents and Settings\Paulica\My Bocuments\Laborator Incercari CEM\incercari\Pavel ans sons\Test Report Prefabricated Substation.doe
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o Ry -

Test set-up for measurement of magnetic field

4
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it
N v : .
Ny ICMET CRAIOVA
HIGH POWER DIVISION SR EH 180 / CEL 17025: 2005
CERTIFICAT DE ACREDITARE
HIGH POWER LABORATORY wr. 11 004 42007
“Ovidin Rarinca® S
20051 5-CRAIOVA Calea Bucuresti Nr. 144 ROMANIA
Phone: (351) 402 427 Fax: (251) 415482; (351) 404 890;
E-mail: np@icmetro
TEST REPORT
No. 10179
CUSTOMER: PAVEL & SONS Lid
Central office: 9700, Shumen BULGARIA
MANUFACTURER: PAVEL & SONS Lid
Central office: 9700, Shumen BULGARIA
TESTED 20/0.4 kV, 2x800k VA Prefabricated Transformer Substation made of
PRODUCT: reinforced concrete
REFERENCE IEC 62271-202/2006 clause 6.5 '
STANDARD:
TEST Functional tests
PERFORMED: Aﬂﬁ‘:\
TEST DATE: 3.05.2008 ‘
TEST RESULT: Passed the tests . /

4"
/!‘ ¢

Report has 12 pages and it is edited in 4 copies from which 3 copies for customet

HEAD Oly’gfi(jﬁ POWER DIVISIONz===s,  ~ HEAD OF LABORATORY:

Ha ocHoBaHue un. 2
ot 33/

: CRAIOV A A A Ev‘gm
DATE OF ISSUE: s.os.zoos\\;&go\f M )

1. Resuits refer to tesi product only.

2. Publication or reproduction of the contents of this report in any other form unless its complete photocopying Is not allowed
witfont writing approval of division to which laboratory belong to.

3 Accreditation of the laboratory or any of its Test Reports issued under accreditation regime de not consiitute or do not
intply themselves an approval of the product By the_acereditation body.
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TEST REPORT No. 10179

Content

1. Present at the tests i
2. Identification of the test product
2.1 Type

2.2 Serial number/year

2.3 Technical documentation/Drawing
24 Contract

2.5 Product receiving date

2.6 Product condition at receiving

3. Technical characteristics checked by tests
4. Tests program

5. Responsible for tests

6. Test report documentation

7. Functional tests

8. Test results

Q. Annexes

9.1 Technical Specification

92 Drawings

qmm&#wwwmmwwwwwww

PAGE 2

~

N

© ICMET Craiova 2008/1M

k\“f‘wh&f



TEST REPORT No, 10179 PAGE 3

1. PRESENT AT THE TESTS: Eng. Velimir Din%i;;ov and Eng. Dimitar Donchev from

Pavel & Sons
2. IDENTIFICATION OF APPARATUS
Substation MYV Cubicles LY Switchboard
2.1 Type BM 02 8DJ20 Sh.81 Compact
2.2 Serial number/year 08126/2008 CV 765630- -
000040/001/2008

2.3 Technical documentation/  See pages 5, 6/7-12
Drawing :
2.4 Contract No.: 2167/09.03 2008
2.5 Product receiving date: 05.05.2008
2.6 Product condition at New
recelving:

3. TECHNICAL CHARAC’I’ERISTICS CHECKED BY TESTS
a Substation MV Switchboard LV Switchbosdrd

Rated power 2x800 kVA - -
Rated voltage 20/0.4 kV 24 kV 400 V
Rated current - 630/200 A 2x1250 A
Rated frequency 50 Hz 50 Hz 50 Hz
Rated short - time withstand current;

- peak value 40 kA 40 kA

- r.m.8. value 16 kA 16 kA

Rated duration of short-circuit (t} 1 s I s

4, TESTS PROGRAM

4.1 Operation of the switchgear and controlgear.

4.2 Mechanical operation of prefabricated substation doors.

4.3 Checking of the temperature and liquid level of the transformer.
4.4 Voltage indication check.

4.5 Fitting of earthing devices.

4.6 Replacement of fisses

4.7 Operation of the transformer tap-changer

Tests were performed according to own procedure PT 03-06.

5. RESPONSIBLE FOR TESTS: Eng. Dumitru Irimia

6. TEST REPORT DOCUMENTATION Oscillograms - Tables -;
‘ Photos - ; Drawings 6

,

© ICMET Craiova 2008/M



TEST REPORT No. 10179 PAGE 4
7. FUNCTIONAL TESTS L

7.1 Operation of the switchgear and controlgear | ff"j
Manoeuvres were made with the medium and low voltage gear and were observed their correct

operation.

7.2 Mechanical operation of prefabricated substation doors
Mechanical manoeuvres were performed with the substation doors and were observed their

correct operation.

7.3 Checking of temperature and liquid level of the transformer
Oil level indicator and temperature indicators worked correctly,

7.4 Voltage indications check
The indications of medium voltage switchgear and controlgear voltage indicators were correct.

7.5 Fitting of earthing devices
Disconnectors of the medium voltage switchgear and contro!gear worked correctly at close and

clear operations.

7.6 Replacement of fuses
Fuses replacement has been easily made.

7.7 Operation of the transformer tap-changer \
Tap-changer operation was correct on all five taps. AN

8. TEST RESULT: PASSED THE TEST

® ICMET Craiova 2008/AM
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Technical specification

Prefabricated transformer substation made of reinforced concrete

Type: BM02 20/0.4kV 2x800KVA
Producer: “Pavel & sons”Lid. , Shumen, Bulgaria

Factory number: 08126

Casing: The casing of the Concrete Prefabricated Substation is made of water —tight

reinforced concrete B45;

1.1 Measurements ( roof included) :

L= 4600mm;B=2800mm; H=2830mm,;

Weight with transformers: 20 800kg;

Equipment:

2.1.Equipment on the Middle Voltage sider
- Comiplete distributing device - 80J20 Sh.81.2RK+2TR Siemens, which consists of

cable “IN” 20kV,cable “OUT” and 2psc.“Transformer protection”. "
2.2 Interconnections 20 kV from MV switchboard to transformers NA2X(F)2Y § x 1x

50mm?2,
2.3.Transformer:
transformer 20/0.4kV 800 KVA
Dimentions:
L=1710mm.
W=1070mm.
H=1590mm.
2.4.Connecting cable from fransformers to LV switchhoard -

NYY 3x{4x240mm2)+2x240mm?2.
2 5.Main circuit —breakers of LV switchboard — automatic circui

NS4250N Micrologic 2.0.
2.6.Terminals of LV switchboard

psc. “m.schneider Austria.
2 7. Sectional vertical switch disconnector 1000A Jean Muller

2.7. Over-voliage protections 2psc., type: STH 3P Merlin Gerin:

I max.-65kA(20/8);
In-20kA({20/8);
Up=1.5kV; .
Uc=275V, N
2.8. Supply circuit-breaker of the overvoltage protection: ff -
MULTIBLOC 160A m.schneider Austria. 4
2.9. Copper bars’ system: /
Distributing rims — Copper bars 80/10mm.
Connection between main circuit — breaker and distributing rims — Copper- Har 4
2x(50x10)mm. R B
Current transformer:
MAK 104/80 1250/5A
§VA grade of fit 0.5
th max 50kA.

3.Earthing instalation:
Internal connections- conductor HO7V-k 1x50mmz2.

— fuse-switch disconnector MULTIVERT 630A-10

® ICMET Crailova 2008/M
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TEST REPORT No. 10179 PAGE 6

Connection hetween neufral copper bar and potential copper bar — conductor HO7V-K

Tx150mm2.
Connection to external earthing contour ~HO7V-K 1x95mm?2

Ratings of prefabricated substation:
-Rated voltage on MV side — 24kV;
~Operated voltage on MV side — 20kV;
-Rated insulation level on MV side -50kV;
-Rated fightning impulse withstand voltage on MV side-1 25kV;
-Rated voltage on LV side — 0.4kV;

' .Rated insulation level on LV side -2,5kV;

-Rated normal current of MV busbar-630A;
~Rated lightning impulse withstand voltage on LV side- 5kV;
-Rated feeder current -630A; ,

-Rated feeder current for transformer panels — 200A;
JMain circuit breakers on LV switchboard-12504;
-rated short time withstand current on MV side -16kA/1s;
-peak withstand rated current—on MV side-40kA;

-Short fime withstand current on earthing circuit -16kA

© ICMET Craiova 2008/1M
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PAGE 11

ﬁa |
!

SHEET 1/1 | 2008°

19
18 | salzior EM& 4
17
16
15 Busbar Cu 80/10
14 Busbar Cu 2x50A10
13 V-terminal single 70-240 HFiE
12 | Cable channel 25x40
11 Cable channel AGxd
16 | Elecirometers plate £ 2
g | Curent tarminals Weidmulh i 2
& Fuses for secondary cireuit ETI P & ]
7 | Surge prolection STH; Imax 85 kA, 1 20 kA 2
6 | Fuse-switch disconnecior Mullsbloc 160 Atn.Schneider Auslrig] -2 -
5 | Seclional switch disconnecor STLI 1000A Jean Mofler ="« 70 1530
4 Fusa-switch disconnector Mullivert 6204 m.schneider Austy 1
3} Current fransformer 1250/5 A G
2 | Clrcul breakar N51250 N microfogic2.0 2
L] Metal construction 1
Technizal
NAME data
BMO2 20/0,4/2x800 kVA
] LV Switchboard
‘{Part;  Electrical

© ICMET Craiova 2008/IM
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TEST REPORT No. 16179 PAGE 12 -

8DJ20.81

4

transformer protection ouTt

N . transformer protection

NAZXS(F)2Y 3x1x50mm2
BOOKVA 20/0.4KV

NAZXS(F)2Y 3xTx80mm?2

BOOKVA 20/0.4kV

T oo
|

NYY 3x{4x240}+2x240 mm2 NYY 3x(4x240-2x240 mm2

I
i
i
|

104 oA

::c:ﬁzsmsA N LE I[f CT1250/5A% ﬁA[B

Inferior light

13

sectional disconnector 12504 4Ky R.S,T.N

L TTTT

/5 NS 1250N Mrcrologlc 2.9 NS 1250N Micrologic 2.0

r 5]
LEI%;
rn
LB

[E—
[a—
el
[E—
[E—

4—--—-.Q‘_S‘|_...._
*ﬁ.&
I
2
+m—-ﬁQ\‘3\}_m._

B30DAB30AB30AB30A630A

630AG30A630AG30ABE30A
Fuse swilch disconnector

Fuse swilch disconnector

BMO2 20/0,4/2x800 kVA serial N: 08126 ;
CIRCUIT DIAGRAM o
Part: Electrical SHEET 141 2068
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RESEARCH , DEVELOPMENT AND [ i L '

" TESTING NATIONAL INSTITUTE INCER CAaRE
FOR ELECTRICAL ENGINEERING

37 P,
LIT ICMET CRAIOVA E‘LLE%’“
ROMANIA SR ENIS0/CEL 1702;.2(}05
HIGH VOLTAGE LABORATORY -LIT CERTIFICAT DE AUREDITARE
Nr. 450~ L

200515 Cralova, Calea Bucuresti 144
Phone : 0351 - 404888, 0351 - 404889, 0351 - 402425, Fax 0251 - 415482; 0351 — 404890

TEST REPORT
No.41573 / 19.05.2008
1. Product: Prefabricated Substation type BM 02; 20/0.4 kV; 2x800 kVA;
3211250 A
Serial no. 08126 /1 08

2, Tests: - Tests to verify the degree of protection IP - 33
~ Measurement of partial discharge
3. Test order: 20756 / 16.04.2008 (Contract no. 2167 /19.03. 2008)
4. Producer: Pavel & Sons
5, Customer: Pave! & Sons
8. Customer's address: Centra) office: 9700, Shumen - BULGARIA

Test Supervisor, ‘ : Q.{L‘_B}qsﬁgnsibie;
I-(I)z: :oscér}lo'aaame un. 2 | ,.éi g%#ﬁ,awe un. 2
i
APPROVED . : TEST WITNESSED BY,
- LABORATORY HEAD....
Ha ocHoBaHue un. 2
Ha ocHoBaHue un. 2 ot 33111
ot 33114

\\ o
S

7.The test report contains 5 pages.
8.The test report was edited in 4 ex.; 1ex fo LIT and 3ex to custome

CAUTION:

a. The test resuit makes reference only to tested product .

b. Integral reproduction of the test report is forbidden.

c. Any part of this test report may be reproduced only with the accord of LIT and RENAR

d. Reporis withott original signatures are not valid, T

e. Laboratory accreditation or any of its test reports elaboraled in accreditation condlttons not constltute or imply,
themselves, an approval of product by RENAR, which has accredited the test Iaboratory of hy any other
organization. )
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LIT
1. Table of contents
FPage
Front sheet 1
1. Table of contents 2
2. Conclusions 2
3. Tests to verify the degree of protection 3
4. Measurement of partial discharge 4
5, Picture 5
2. CONCLUSIONS:
Prefabricated Substation type BM 02; 20/0.4 kV; 2x800 kVA pa ssef thgtejét R
i }‘"fﬂ* i

-
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TEST REPORT No. 41573 | | | page 3

LIT
3. - VERIFICATION ON THE DEGREE PROTECTION IP - 33

3.1. Reception date of the product: 05.05.2008

3.2.‘Measurement date: 06.05.2008
3.3, Atmospheric conditions: p = 1007 mbar; {= 14.8+ 0.1°C; h=84 %

3.4. Test standard: CE!l 60529/ 1999

a. Verification of the first characteristic numeral, "3"

a.1. Protection against access to hazardous parts
a.2. Protection against the penetration of solid foreign objects

For a.1 were used the access probe of 2.5 mm diameter and 100 mm length
Eor a.2. were used the object probe, sphere of 2.5 mm diameter.
They did not penetrate the test object.

b, Verification of the second characteristic numeral 3", against spraying
water

b.1. Against spraying water at angle up to 60° on either side of the vertical. "‘_‘
It was used the spay nozzle compliant with Fig.5 of IEC 60529. |

The spaying time was of 13 min 30 sec, because total area Ay = 13.48 m’,

The debit was 10/ min. |
There was no ingress of water into the test object. ‘SFQ
: PN

e

3.5. Conclusion: The product corresponding to the degree of protection {P -~ 33,

ot 3314

3.6. Test responsible: Teh, AlHaocHosanve un. 2 1

"tw/‘”/"”‘“““/_kf""]



TEST REPORT No. 41573 page 4

4. Measurement of partial discharge

4.1, Reception date : 05.05.2008

" 4.2. Test date : 068.05.2008

4.3. Atmospheric conditions :
pressure ' p = 1007 mbar
temperature t=15+01°C
absolute humidity h=65%
4.4. Test standard:|EC 60270, Specification ERP-15/01 / 11.01.2007, scl. 6.7.2.1;
4.5. Equipment used : ‘
- Panel E12, 525V/85A of the LV installation of the HV Laboratory
AC measuring system 350 kV consists of: high voltage compressed gas capacitor
type MCF 75/350P, no.853889 and low voltage arm type HG0, no.898939 + digital
peak voltmeter type MU9, no.892204 for LV,
- Coupling capacitors no.3; 4; 5. 1 nF
- Charge for calibration: 25 pC
Calibrator type PET 2 -1, n0.893534, Calibration Certificate DKD no.0085 /
20.03.2006.
- Measuring system: measuring impedances type LDM — 51U (no.735 35 131; 736
36 131 737 35 131) + Switching box type LDM —~ 5/M6 (734 35 131) wide band
instrument type LDS - 6 (no.21543181) Calibration Certificate DKD
no.0087/03.07.2006

4.6. Results:
Voltage [kV] "~ PD level (pC) (\ ’
| U v W
24 9 .. 9 8 :

During the tests was determined aiso the PD inception and axtinction voltages
each phase. '

‘\J'!\M/‘\_.M./{\%\_WA

4.7. Conclusion: The product passed the tost,

4.8. Test résponsible:

T

)

Measuring uncertainty for the P measurement is: 0.5 pC + 0.04q (pC)
The unceriainty siated is expanded unceriainty obtained by mltiplying the siandard unceriainly by the
coverage factor k = 2 {coverage probability appr.95 %).

ot 3314

Ha ocHoBaHwue un. 2

Phase PD inception voitage BD extinction voltage
[kV] [kV] |
18.3 16.7
\' 17.8 15.5
W 18.7 16.9
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HIGH POWER LABORATORY ar. 11 00442007
“Ovidin Rarinca®”
200515-CRAIOVA Calea Bucuresti Nr. 144 ROMANIA
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TEST REPORT
No. 10176

CUSTOMER: PAVEIL. & SONS Ltd
Central office: 9700, Shumen BULGARIA

MANUFACTURER: PAVEL & SONS Litd
Central office: 9700, Shumen BULGARIA

TESTED 20/0.4 kV, 2x800kV A Prefabricated Transformer Substation made of
PRODUCT: reinforced concrete

REFERENCE IEC 62271-202/2006, clause 6.4 N

STANDARD:

TEST Short-time and peak withstand current tests on earthing conductor system
PERFORMED:

TEST DATE: 18.05.2008

TEST RESULT: Passed the tests

Report has 15 pages and it is edited in 4 copies from which 3 copies for customei;

HEAD OF éu;il POWER SONA E 7 HEAD OF LABORATORY:
Dr. Eng. LABORATORUL. Eng]
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ot 33/14 "OVIDIU RARINCA" o1 33M0
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3. Acereditation of the laboratary or any of its Test Reports issued under accreditation reg:me do not constitute or do not
_imply themselves an approval of the product by the accreditation body.
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-
I

1. PRESENT AT THE TESTS: Eng. Velimir Dimitrov and Eng. Dimitar Donchev from
Pavel & Sons . '

2. IDENTIFICATION OF APPARATUS

Substation MYV Cubicles LV
Switchboard
2.1 Type BMO0O2 8DJ20 Sh.81 Compact
2.2 Serial number/year 08126/2008 CV 769630-000040/001/2008 -
2.3 Technical specification /Drawing  Sce pages 7, 8/9-14
2.4 Contract No.: 2167/09.03.2008
2.5 Product receiving date: 05.05.2008

2.6 Product condition af receiving: New

3. TECHNICAL CHARACTERISTICS CHECKED BY TESTS

Substation
Rated voltage 20/04 kV
Rated current -
Rated frequency 50 Hz
Rated short - time withstand current:
- peak value 40 kA
- r.m.s. value 16 kA
Rated duration of short-circuit (i) 1 s

4. TESTS PROGRAM

4.1 One single phase short-time and peak withstand current test on earthing conductor sysiem
at parameters: 1,40 kA, L=16 kA, t=1 s. The supply was made between the earthing point
provided of the MV Switchboard and the neutral bar from LV Switchboard by means of
2x95 mm?” copper cables.

5 RESPONSIBLE FOR TESTS: Eng. Florin Alin Dinca

6. TEST REPORT DOCUMENTATION Oscillograms  |; Tables 2;
Photos  2; Drawings 6

@ ICMET Craiova 2008/iM



TEST REPORT No, 10176

. SHORT-TIME AND PEAK WITHSTAND CURRENT TEST

7.1 Data of testing and measuring circuit

PAGE 4

TESTING AND MEASURING DIAGRAM
p Sg
.
o E sc S
. !
R
- T ~Power fransformer Sk 120 muling switch
G —shorteirouit generator XR  —Reuclor
B -6 circuit breaker 16 ~Shock atep down trunsformer
fp —12W profection ciuit breaker M1-M7 ~Measuring pointe
Sc —6xV making switch 0 —Apparolus to be tesled
Table 1
Test Short-time and peak withstand current
Phases number 2
Source / connection Network + TF 15 MVA
Transformer /Rate TC8/20
Earthing ; Source 600 £
Apparatus _ Net earthing connection
Reactor (O} 0
Power factor <0.15
M4 - Source voltage - Voltage transformer 15000/100V
_ M1 - Apparatus current - Shunt 70 kA/1.75 V
Data acquisition system SAPMD : 12 bit, 16 channels

® ICMET Craiova 2008/M
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TEST REPORT No. 10176

7.2 Results obiained on test
The supply was made between the earthing point provxded of the MV Switchboard and the

neutral bar from LV Switchboard (see photos from page 6).
The resulis are presented in table 2. :

PAGE S

Table 2
Oscillogram Ip Ik 4 T echiv t Remarks
No. [kA] (kA] [s] [KA]
71469/2007 40.5 18.1 0.82 16.39 Test on earthing circuit

Measurements were performed with uncertainty of: 1% for voltage; 1% for current; 0.5% for time and

the confidence level P =95 %.

7.2.1 Symbols used in tables and oscillograms

1

Ip
I
ty

= Short-circuit current
= Peak of the short-circuit current
= R m.s shori-circuit current

= The duration of shoit — circuit

Yk eoiv ¢ = Equivalent value of short-time withstand current ont=1s,
calculated as follows:

7.3 Remark:

Ikequiv.t =L*

tt

¢

After the tests no significant deformations of the circuits were observed.

8. TEST RESULT: PASSED THE TEST

© ICMET Craiova 2008/IM
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TEST REPORT No. 10176 PAGE 7

Technical specification

Prefabricated transformer substation made of reinforced concrete

Type: BM02 20/0.4kV 2x800kVA .
Producer: “Pavel & sons”Ltd. , Shumen, Bulgaria

Factory number: 08126

Casing: The casing of the Concrete Prefabricated Substation is made of water —tight

reinforced concrete B45;

1.1 Measurements { roof included) :

L= 4600mm:;B=2800mm;H=2830mm;

Weight with transformers: 20 800kg;

Equipment: )

2.1.Equipment on the Middie Voltage side:

Complete distributing device - 8DJ20 Sh.81 2RK+2TR Siemens, which consists of

cable “IN” 20V, cable “OUT” and Zpsc.“Transformer protection.
2.2 Interconnections 20 kV from MV switchboard to transformers NA2X(F)2Y 3 x 1 x

50mm2.
2.3.Transformer: i
transformer 20/0.4kV 800 kVA 5,
Dimentions:
L=1710mm.
W=1070mm.

H=1590mm. | W

2.4.Connecting cable from transformers fo LV switchboard — (s %

NYY 3x{4x240mm2)+2x240mm2. .
2.5.Main circuit —breakers of LV switchboard — automatic circuii-breakers

NS1250N Micrologic 2.0.
2.6.Terminals of LV switchboard — fuse-switch disconnector MULTIVERT 630A-10

psc. “m.schneider Austria.
2 7. Sectional vertical switch disconnector 1000A Jean Muller

2.7. Over-voltage protections 2psc., type: STH 3P Merlin Gerin:

| max.-65kA(20/8);
In-20kA(20/8);
Up=1.5kV; .
Uc=275V;
2.8. Supply circuit-breaker of the overvoliage protection: /
MULTIBLOG 160A m.schneider Austria. /
2.9. Copper bars’ system:
Distributing rims — Copper bars 80/10mm. d
Connection between main circuit — breaker and distributing rims — Copper_bars/
2x(50x10)mm.
Current transformer:
MAK 104/80 1250/5A
5VA grade of fit 0.5
Ith max 50kA.

3.Earthing instalation:
Internal connection_s- conductor HO7V-k 1x50mmz2.

© ICMET Cralova 2008/IM
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TEST REPORT No. 10176 PAGE 8

7

i

Connection between neutral copper bar and po%étﬁﬁaﬂ:opper bar — conductor HO7V-K

1x150mmz2.
Connection to external earthing contour —HO7V- K 1x95mm2

Ratings of prefabricated substation:
-Rated voltage on MV side — 24kV;
-Operated voltage on MV side — 20kV;
-Rated insulation level on MV side -50kV;
-Rated lightning impulse withstand voltage on MV side-125kV;
-Rated voltage on LV side — 0.4kV;

-Rated insulation level on LV side -2,5kV;

-Rated normal current of MV busbar-630A;

-Rated lightning impulse withstand voltage on LV side- 5kV;
-Rated feeder current -630A; ‘

-Rated feeder current for transformer panels — 200A;
-Main circuit breakers on LV switchboard-1250A;

-rated short time withstand current on MV side -16kA/1s;
-peak withstand rated current — on MV side-40kA;

-Short time withstand current on earthing circuit -16kA

© ICMET Craiova 2008/tM
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RESEARCH, DEVELOPMENT AND TESTING acreditat penteu
NATIONAL INSTITUTE TNOERCARE
FOR ELECTRICAL ENGINEERING
ICMET CRAIOVA
LABORATORIES DEPARTMENT =R BN IS0 #CEI 17025 2005
HIGH VOLTAGE DIVISION - HVD CERTIFICAT DE ACREDITARE
Low Voltage Laboratory - LVL nr. L1 529 7 2007

Address: Calea Bucuresti 144, 200515 Craiova, ROMANIA
Matriculation certificate: J 16/312/1999; Fiscal code RO3871593
Phone: + 40 0351 402425, 404888; Fax: + 40 0251 415482, 0351 404890
www.icmet.ro, e-mail: market@icmet.ro, jjit@icmet.ro

TEST REPORT
Nr. 20008 / 09.05.2008
Prefabricated Transformer Substation made of reinforced
1. Test product: .
concrete, type BMO02, 20/0.4 kV, 2800 KV A, serial no. 8126
2. Tests: I. Tests on low voltage interconnections and distribution circuits
1.a. Lightning impulse vollage tests
1.b. Verification of the creepage distances _
II. Dielectric tests on auxiliary circuits 5
II1. Tests to verify of the withstand of the enclosure against 3\
mechanical stress
3. Test order: 20756/ 16._04.2008, Contract nr.2167/19.03.2008
4.  Customer: PAVEL&SONS LTD.
5. Customer’s address: Ceniral Office 9700, Shumen, BULGARIA
6.  Manufacturer; PAVEL&SONS LTD.
7. Test standard IEC 62271-202:2006 o /
8,  Test responsible: Eng. Aurelia SCORNEA A=< AN
: e
" . %;{
Head of Low Voltage Laboratory, an!itg{yfanager,
Eng. Eng.
Ha ocHoBaHwue un. 2 Ha ocHoBaHue un. 2
ot 33/, ot 3317
Head of éﬁvﬁ?éiﬁg&ﬁiﬁﬁmﬁ );;
/.
Ha ocHoBaHwve un. 2 ‘f_ff;,’»’f -
oT 331 T
9,  The report contains 5 pages. : S
10. The report is edited in 4 copies: 3 copies for the client and 1 copy for TIVD.
WARNINGS: S

& Re o

Test results refer to the product under lest mentioned af point 1, only;

- 7
i g/i?
The integral reproduction of the present reporl is forbidden; LAV i\\
Partial reproduction of the present report is only allowed with prior written consent af HVD and RENAR;
All signatures of the present report are originals,

The product was presented for the lests by the customer.
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TEST REPORT No. 20008 L Page 2 of 5

1. Reception product date: 05.05.2008

2. Test date: 05.05.2008

3. Test standard: [EC 62271-202:2006

4. Atmospheric conditions: t=13,7°C,RH=56 %

5. Eguipments used: - Generator for lightning impulse voltage, negative polarity

and power frequency voltage type SIP010, serial no. 620091,
manufactured by RET Germany, CE no. 0088/26.10.2006,
expanded uncertainty U=2,3% for coverage factor k=2,

- Generator for lightning impulse voltage, positive polarity,
type SIP010, serial no. 620090, manufactured by RFT
Germany, CE no. 0089/26.10.2006, expanded uncertainty
U=2,2% for coverage factor k=2;

- Thermohygrometer type HD 100, serial no. 06102404,
manufactured by KIMO, France,

CE 1no.4.8-11-06-025/13.11.2006, expanded uncertainty
U=0,3°C for temperature measurement and U=2% for relative
humidity for coverage factor k=2.

6. Procedure

The lightning impulse voltage tests on the low voltage interconnections between transformer
and the low voltage circuit breaker and on distribution circuits was performed according to IEC
62271-202:2006, clause 6.2.2.2 N

The lightning impulse voltage with the waveform 1,2/50ps and the peak value of 9,8 kV wa:‘$ ‘1}

-

applied three times for each polarity at intervals of 1s minimum. .
During these tests, the devices used for overvoltage protection are disconnected, the fuses

for the secondary circuits are taken out, the two low voltage circuit breakers are in close position
and the fuse switch disconnectors 630A ate also in close position. The secondary windings of the

current transformers are short-circuited.
The lightning impulse voltage was applied between each active part and the others active

parts of the low voltage circuit connected together to the accessible parts and to the earth.

7. Test result /~

The product withstood the test, :
During the tests above, there were not disruptive discharges.

W/ "\W,. -



TEST REPORT No. 20008 Page 3 of 5

1. Reception product date: 05.05.2008

2. Test date: 05.05.2008

3. Test standard: IEC 62271-202:2006

4. Atmospheric conditions: t=13,7°C, RH=56 %

5. Equipments used: - Digital caliper serial no. G111089, manufactured by

PROFIX Poland, CE no.06-1690993/06, expanded uncertainty
U=0,01% for coverage factor k=2;

- Thermohygrometer type HD 100, serial no. 06102404,
manufactured by KIMO, France,

CE no.4.8-11-06-025/13.11.2006, expanded uncertainty
U=0,3°C for temperature measurement and U=2% for relative
humidity for coverage factor k=2.

6. Procedure

The verification of the creepage distances was performed according to IEC 62271-202:2006,
clause 6.2.2.3.

There were measured the shortest creepage distances between the bars of the low voltage {-\
circuits and between the active parts and the accessible conductor parts. i \

7. 'Fest result

The product withstood the test.

The measured creepage distances were greater than 12,5mm, which is the minimum necessar
creepage distance prescribed in the Table 4 of TEC 60664-1, for the working voltage of 400V and _ o
the most disadvantageous environmental conditions (pollution degree 4 and material group ). [T

ib p




TEST REPORT No. 20008 7 Page 4 of &

1. Reception product date: 05.05.2008

2. Test date: 05.05.2008

3. Test standard: IEC 62271-202:2006

4. Atmospheric conditions: t=13,7C, RH =56 %

5. Equipments used: - Generator for lightning impulse voltage, negative polarity

and power frequency voltage type SIP010, serial no. 620091,
manufactured by RFT Germany, CE no. 0088/26.10.2006,
expanded uncertainty U=2,3% for coverage factor k=2,

- Thermohygrometer type HE 100, serial no. 06102404,
manufactared by KIMO, France,

CE no.4.8-11-06-025/13.11.2006, expanded uncertainty
1U=0,3°C for temperature measurement and U=2% for relative
humidity for coverage factor k=2.

6. Procedure

The dielcetric tests auxiliary circuits were performed according to IEC 62271-202:2006,
clause 6.2.3.

The power frequency test voltage was applied between the auxiliary circuits, connected
together as a whole, and the frame and the actuator K is taken out from the cireuit.

The power frequency test voltage applied to the auxiliary circuits was increased up to 2 kV
and than it is maintained for 1 min. q

7. Test result

The product withstood the test,
During the test above, there were not disruptive discharges.




TEST REPORT No. 20008

1. Reception produet date: 05.05.2008

2. Test date: 05.05.2008

3. Test standard: IEC 62271-202:2006

4. Atmospheric conditions: t=13,7°C, RH=56 %

5. Equipments: - Pendulum hammer, manufacturer ICMET according

IEC 60068-2-75:1997, serial no.3,

CE no.Dj 06-3061545/2006, expanded uncertainty U=0,75%
for coverage factor k=2;

- Thermohygrometer type HD 100, serial no. 06102404,
manufactured by KIMQ, France,
CE no.4.8-11-06-025/13.11.2006, expanded uncertainty
U=0,3°C for temperature measurement and U=2% for relative
humidity for coverage factor k=2.

6. Procedure

The verification of the enclosure withstand to mechanical impacts was performed according to
IEC 62271-202:2006, subclause 6.7.3.

The product was visually examined before the tests.

The impact energy must be 20 J, produced using a pendulum hammer with an equivalent mass of
5 kg5 %, with the height of fall 400mm + 1%.

Tn order to check the enclosure withstand to mechanical impacts, there were applied blows w
the pendulum hammer on each access door and ventilation openings, in the points assumed to be ‘h?ei

weakest of the enclosure. ﬁ"u‘

8. Test resulf

The product withstood to the mechanical impact test. ‘
After the tests, the enclosure did not present any breaks or deformations wh;fh“éou}d affect the

dielectric properties and the normal operation of the equipment inside the substaj €gn )

&

e

- End of the Test Report -

(R ~>



RESEARCH-DEVELOPMENT AND TESTING NATIONAL
INSTITUTE FOR ELECTRICAL ENGINEERING

ICMET CRAIOVA
HIGH POWER DIVISION SR EN 190 / CEI 17025: 2005

CERTIFICAT DE ACREDITARE

HIGH POWER LABORATORY nr. L1 0047 2007

“Ovidiu Rarinca”
200515-CRAIOVA Calea Bucuresti Nr. 144 ROMANIA
Phone: (351) 402 427; Fax; (251) 415482; (351) 404 890,
E-mail: Impi@icmet.ro

TEST REPORT
No. 10175

CUSTOMER: PAVEL&SONS Lid.
Central Qffice:9700 Shumen Bulgaria

MANUFACTURER: PAVEL&SONS Lid.
Central Office:9700 Shumen Bulgaria

TESTED

PRODUCT 20/0.4kV, 2*800K VA Prefabricated transformer substation made of
reinforced concrete

REFERENCE  IEC 62271-202/ 2006 clause 6.3

STANDARD;

TEST Temperature-rise test and determination of thermal class

PERFORMED:

TEST DATE: 07.05.2008

TEST RESULT: Passed the tests

N

Report has 22 pages and it is edited in 4 copies from which 3 copies for customer.

/ ij HOY TR
HEAD u&éxiﬂ_nmmwmfé%@“ “"‘\ HEAD OF LAKORATO Y C /

Ha ocHosanme un. 2 e ;.wz;«»s: PU?E’?E * Ha ocrosahme un. 2 -
ot 3311A OVIDIL RARINGA® ot 33711

DATE OF ISSUE: 25.05.2088.CR A 10V

1. Resuits refer to test product only.

2 Publication or reproduction of the contenis of this report in any other formn unless its complese photocopying is not allowed
without writing approval of division to which laboratory belong to.

3. Accreditation of the laboratory or any of its Test Repoyts issued mider aecreditation vegime da not constitnie ov do not
imply themselves em appreval of the product by the accreditation_body,
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TEST REPORT No. 16175 PAGE 3

(o

{. PRESENT AT THE TESTS: Eng. Velimir Dimitrov and Eng. Dimitar Donchev from
Pavel & Sons

2.IDENTIFICATION OF APPARATUS

Substation MV Cubicles LV Switch board Translormer
2.1 Type BMO2 3D320 81 Compact TNOSN 800/20
2.2 Serial numbcer/Year 08126/2008 C.V. 769630- - 1610341013/

000040/001 - 1610341001

2.3 Technical documentation/ Sec pages 11, 12
Drawing See pages 13 + 13
2.4 Contract no.: 2167/ 09.03.2008
2.5 Product receiving date: 05.05. 2008

2.6 Product condition at receiving  New

3 TECHNICAL CHARACTERISTICS CHECKED BY TESTS

Substation MV Cubicles LV Switch Transformers
board
Rated power 2x800 kVA - - 2x800 kKVA
Rated voltage 7 20/0.4 kV 20 kY 04KV 10/0.4 kV
Rated current - 6301200 A 2x1250 A 23711547 A
Rated frequency 50Hz 50Hz 50H=z 50 Hz
Short-circuit voltage : - - - 5. %
Connection - - - - DYn5
11856/11673W

Total loses

4, THST PROGRAM .
4.1 One test to check the temperature-rise test of the transformer and the low voltage apparatuscs from the

substation.

The temperature risc test is performed at total losses of 11856W+11673 W up to the oil temperature stabilisation,
followed by the heating at rated current In =2%x1154.7 A for an hour.

Supply was made by copper flexible cables with § = 240 mm’ in low voltage panel at the output termiinals of the
fuses F1 to F3 (see drawing from page 13) of each TP-P1 and TP-P2 transforiner.

4.21 One test to check the temperature-rise test of the transformer outside of the substation was performed on
tansformer serial no. 1610341013 at the tofal losses 11856W for TP-P1 respectively serial no. 1610341001 at
total losses 11673W for TP-P2 by supply the low voltage windings with high voltage windings short-circuited.
.3 Determination of thermal class of the substation.

5. RESPONSIBLE FOR TESTS: Eng. {lie Sbora and Eng. Catalin Boltasuy

6. TEST REPORT DOCUMENTATION : Diagrams 4; Tables i1
Photos 1; Drawings Gy

® ICMET Cralova 2008/IM



TEST REPORT No. 10175 4 PAGE 4

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

G

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,
10 kA, 50 Hz
CT - Current transformers type CIRSO- - 15000/ 5 A
O - Object to be tested

7.2 Test conditions and calculation relations of temperature-rise

Table 1
Test stage 1 14
Loss Current / period
Load type (W) {A / minutes)
11856+11673 1154 6+1154.6 /60
Calculation relations {(IEC 60076-2:1993, clause 5.4):
By = (Ry /R)*(235 + 01) - 235~ for cooper wmdmg
AB=0,-8,
91[ ell 93 <-- )
where; g\f ;

8 - windings average temperature

R, - windings resistance measured in cold condition
R - windings resistance measured at shutdown

8 - environment temperature in cold condition

8. - environment femperature at the end of temperature-rise test|
AD - windings temperature-rise ( N
By - oil average temperature at the upper part
A, — oil temperature-rise

@ ICMET Craiova 2008/iM




TEST REPORT No. 10175

7.3 REZULTS OBTAINED AT TEST
7.3.1 Transformer’s TP-P 1 temperature-rise test inside the substation

Table 2
Determined values
Windings| R, 8, R; B, AD AQy
@ Ol @ (O} (O (°C)
v 5.0 7aa 8824 o
v [ Tosmae] * aman] 2P [Teede ] O

PAGES

Measurements were performed with uncertainty of: 3 % for voltages; 3% for currents;
2.5% for time and the confidence level P = 95%.

where:

HYV - high voltage winding
LV - low voltage winding

7.3.2 Transformer’s TP-P 2 temperature-rise test inside the substation

Table 3
Dietermined values
Windmgs R.l 8} Rﬁ ea A@ Aeu
@ _|col @ [co| (O | (0
HY 5.68 T7.255 66,85
LY 1.9486x 10 18 25005010 213 68,29 64,63

Measurements were performed with uncertainty of: 3 % for voltages; 3% for currents;
2.5% for time and the confidence level P = 95%,

where:

HV - high voltage winding
LV - low voltage winding

7.3.3 Measured values of currents, losses and temperatures for TP-P 1

gﬁﬁx@g
W 3

Remarks: Values of the measured resistances, calculated temperatures and temperature dia
presented in pages 5, 6, 7, 19, 20, 21, 22.

Table 4

Time Hour | 13:15 | 1415 | 15:15 | 16:15 [17:15 | 18:15 | 19:15 | 19:16 | 20:16
Current T | A | 1288 | 1261 | 1240 [ 1212 | 1199 | 1195 | 1191 | 1157 | 1158
on L | A | 12827] 1256 | 1234 | 1207 | 1194 | 1185 | 1181 | 1155 | 1153
phases T, | A | 1273 ] 1245 | 1225 | 1199 | 1176 | 1172 | 1169 | 1153 | 1152
Average current | I, | A | 1281 | 1254 | 1233 | 1206 | 1193 | 1184 | 1180 | 1155 | 1155
Measured P, | W | 3966 | 3968 | 3969 | 3966 | 3964 | 3963 | 3964 | 3602 | 3601
loss P, | W | 3975 | 3974 | 3976 | 3974 | 3973 | 3974 | 3975 | 3609 | 3608

P, | W | 3953 | 3951 | 3950 | 3951 [ 3933 | 3953 | 3953 | 3592 | 3691

Total loss P, | W | 11894 11893 | 11895 | 11891 | 11890 | 11890 | 11892 | 10803 | 10800
8, | °C | 185 | 1041 | 1935] 2024 12095 | 21.1 | 2028 | 2131 | 21.32

Environment | B, ] °C | 18.23 | 1843 | 1933 [ 20.23 | 20.95 | 21.26 | 21.43 | 2148 | 21.48
temperature 0. °C | 1818} 183 | 19.04 | 20.12 | 20.46 | 202 1] 201 | 211
8. | °C | 1815 | 1838 [ 1924 | 2020 | 20.79{| 207 213, 1 213

Ol temperature | 0, | °C | 61.81] 7021 | 77.2 | 81.84 | B4.65.1: 1 87.37 | 87.25
Ofl temperature-rise | AG, | °C | 43.66 | 51.83 | 57.96 | 61.64 | 63.86 4 66102 | 65.93

© |ICMET Craiova 2008/M




TEST REPORT Ne. 10175 v PAGE 6

7.3.4 Measured values of currents, Issses and temperatures for TP-P 2
Table 5

Time Hour | 13:15 | 14:15 | 15:15 | 16:15 [17:15 | 18:15 | 19:15 | 19:16 | 20:16
Current I, A 1278 | 1254 | 1230 { 1207 | 1184 | 1179 | 1177 | 1158 | 1158
on I A 1278 | 1250 | 1226 | 1202 | 1181 | 1175 | 1175 | 1154 | 1156
phases L A 1275 | 1248 | 1225 | 1200 | 1178 1 1173 | 1170 | 1153 | 1153
A
W

Average current | I, 1277 | 1250 | 1227 | 1203 | 1181 | 1176 § 1174 | 1155 | 1155

3883 | 3885 | 3885 | 3884 | 3888 | 3890 | 3889 | 3522 | 3522

P,
Me{’;‘:"d P, | W | 3904 | 3903 | 3901 | 3903 | 3906 | 3906 | 3907 | 3522 | 3523
P, | W | 3808 | 3900 | 3897 | 3903 | 3905 | 3903 | 3904 | 3521 | 3520
Total loss P. | W | 11685 | 11688 | 11683 | 11690 | 11699 | 11701 | 11700 | 10566 | 10565

8,1 °C 1805 | 1841 ] 193512024 | 2095 21.1 | 2128 | 21.31 ] 2132
Environment 8,1 °C | 1823|1843 | 1933|2023 | 2095 21.26 | 2147 2148 | 2148
temperature 8, | °C | 1818 ] 183 | 19.04 | 20.12 2046 1 2061 1 2111 § 2111 | 21.11
‘ 9, | °C | 18.15 | 1838 | 19.24 | 20.20 | 20.79 | 20.99 212901 213 1 213
Oil temperature g, | °C | 61396959 | 7642 | 811 8364 | 8466 | 85.62 | 8598 | §5.93
Oil temperature-rise ] A9, | °C | 43.24 | 51.21 | 57.18 | 60.90 | 62.85 | 63.67 | 64.33 | G4.68 | 4.
Measurements were performed with uncertainty of: 5 % for powers; 3% for currents; 2.5% fortime|
and the confidence level P = 95%.

7.3.5 Symbols used in tables 4 and 5:
Ba1 ;B2 ; B3 - environment temperature in 3 measuring points

0, - environment average temperature: 8; = (Ba + 02 + 8,3)/3 E\Q\Q‘

Y
7.3.6 Values of the high and low voltage windings resistance measured after shutdown on TP-P t'
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 (tp) was made by extrapolation from the resistances diagrams (see pages 19
and 20).

Table 6
Time High voltage winding Low voltage winding
t[min] | Unv [V] Tuv [A] Ruv [©] | Uv[mV] Iy [A] Ryy [mQ]
1 4.66 0.628 742 12.36 4.92 2.514
2 4.647 0.628 7.400 12.32 4.92 2.504
3 4,635 0.628 7.380 12.28 4.92 2.496
4 4.623 0.628 7.361 12.23 4,92 2.486
5 4.603 0.628 7345 12.18 492 2.476
6 4597 0.628 7.330 12.13 4,92 2.465
7 4.589 0.628 7307 12.09 2.457
8 4.581 0.628 7.295 12.05 Tiny b 2,449
9 4.569 0.628 7.275 12.01 e S0 2440
10 4.559 0.628 7.26 11.96 VI A A 2481

Measurements were performed with uncertainty of: 2.5 % for resistances and the confidenée fevel
P = 95%. P
Remark: Currents and loss values were measured using class 0.2 apparatus’. .
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7.3.7 Values of the high and low veltage windings resistance measured after shutdown on TP-P2
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 (t;) was made by extrapolation from the resistances diagrams (see pages 21

and 22). Table 7
Time - High voltage winding Low voltage winding
tmin] | Unv [V] Tnv [A] Ryv [Q] | Uv[mV] Liv [A] Ry v [m&2]
1 4,627 0.64 7.23 12.33 4.97 2.48
2 4611 0,64 7.205 12.23 4,97 2.46
3 4,595 (.64 7.18 i2.13 4,97 2.44
4 4,584 0.64 7.163 12,03 4.97 2.42
5 4,573 0.64 7.145 11,95 4.97 2.404
6 4.56 0,64 7.125 11.88 4.97 2.39
7 4.48 0.64 7.106 11,78 497 2370
8 4,38 0.64 7.09 11.70 4.97 2.355
9 4.525 0.64 7.07 11.63 4.97 2.34
10 4512 0.64 7.05 11.56 4,97 2.326

Measurements were performed with uncertainty of: 2.5 % for resistances and the confidence level

P = 95%.

Remark: Currents and loss values were measured using class 0.2 apparatus.
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b

7.3.8 Temperature-rise of the low voltage equipment supplied by TP-P1

Table 8
No. | Elements and temperature measuring points Temperature-rise [°C]
denomination in fig. 1 Measured Admitted
U \ W

1§ Supply (Output) Fuse 1 2926 | 3288 | 3799
Supply (Output) Fuse 2 3294 | 42.09 | 303
Supply (Output) Fuse 3 3231 | 4221 41.2

2 | General bars (Output fuses) 5443 | 4269 | 43.35 70

3 | Circuit breaker terminals
- Input 62.09 57.64 56.55
- Quiput 53.73 | 56.25 | 53.37

4 | Fuse handler 23.41 25

5 | Circuit breaker manual operating lever 24.51

6 | Low voltge compartment environtent 23,59 -

7 | Power transformer compariment environment 44.92

8 | Environment temperature | 21.29

7.3.9 Temperature-rise of the low voltage equipment supplied by TP-P2 f\
Table 9 \
No. | Elements and temperature measuring points Temperature-rise [°C] y
denomination in fig. 1 Measured Admitted '
U V W

1 | Supply (Qutput) Fuse 1 42775 | 41.09 | 3831 g
Supply (Output) Fuse 2 3363 | 34.97 | 39.66
Supply (Output) Fuse 3 3632 | 38.64 | 38.11

2 | General bars (Output fuses) 5543 | 53.72 46.4 70 T?Qr

-3 | Circuit breaker terminals R

- Input 60.25 58.02 61.04
- Qutput 45.76 57.95 49.73

4 | Fuse handler 22.31 25

5 | Circuit breaker manual operating lever 24 .94

6 | Low voltge compartment environment 23.59 -

7 | Power transformer compartment environment 3236

8 | Environment temperature ] 21.29 ]

Measurements were performed with uncertainty of: 3 % for temperatures and the confidence level
P = 95%.
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8 THERMAL CLASS BETERMINATION
To assess the thermal class the following relations (IEC 62271-202:2006, clause 6.3) will be applied:
Aty =t =~ tar,
Atz = t:z - tai )
At = Aty - Aty
where:
t; - temperature of the transformer windings outside the substation,
t,1 - environment temperature at the end of transformer temperature-rise test outside the substation,
Aty - temperature-rise test of the transformer outside the substation,
tiz - temperature of the transformer windings inside the substation
t,2 - environment temperature at the end of transformer temperature-rise test inside the substation
At, - temperature-rise test of the transformer windings inside the substation.

8.1 Thermal class determination for TP-F!

Table 10
A PCT [ W€l [ wl’Cl [ AlCl| t['Cl | te['C] | AL['C)
HV winding 39.32 81.42 68.24 89 54 3,92
LV winding 60.57 82.07 221 69.59 90.89 213 9.02
Oil. 56.79 78.89 (5,95 87.25 9.15
These data are according to These data are according to table 2 of this S
Remarks: technical records made in the Test Report
temperature-rise register \

Thermal class: because SK <At < 10K = Class 18

8.2 Thermal class determination for TP-P2

Table 1(1 {/\‘

A6 °Cl | 1al’Cl | wlCl | A[Cl [ tlCl | tol"Cl1 | at{Cli
HV winding 59.11 81.11 66.85 | 88.15 7.74
LV winding 60.38 82.38 22 68.29 89.59 21.3 7.91
Oil 56.6 78.6 64.63 35.93 8.03
These data are according to These data are according to table 2 of this
Remarks: technical records made in the Test Report
temperature-rise register

Thermal class; because 5 K <At <10K = Class 10

9. REMARK
Aspect of the substation in the test circuit is presented in photo 1. / =
10, TEST RESULT: Temperature-tise of the low voltage equipment dzd‘i | Bxee qulﬁed

limits (see tables 8,9) and thermal class is 10 (sce tables 10,11).
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Technical specification

Prefabricated transformer substation made of reinforced concrefe

Type: BM02 20/0.4kV 2x800kVA
Producer: “Pavel & sons”Ltd. , Shumen, Bulgaria

Factory number: 08126

Casing: The casing of the Concrete Prefabricated Substation is made of water —tight

reinforced concrete B45;

1.1 Measurements { roof included) :

L= 4600mm;B=2800mm; H=2330mm;

Weight with transformers: 20 800kg;

Equipment:

2.1.Equipment on the Middle Voltage side:

Complete distributing device - 8DJ20 Sh.81 2RK+2TR Siemens, which consists of
cable “IN” 20kV,cable “OUT" and 2psc.“Transformer protection”.
2.2.Interconnections 20 kV from MV switchboard fo transformers NA2X(F)2Y 3 x 1 x

S50mm?2.
2.3.Transformer:
transformer 20/0.4kV 800 kVA
Dimentions:
L=1710mm.
W=1070mm.
H=1590mm.
2.4.Connecting cable from transformers to LV switchboard -
NYY 3x{4x240mm2)+2x240mm2,
2.5.Main circuit —breakers of LV switchboard — automatic circuit~breakers \

NS1250N Micrologic 2.0.
2.6.Terminals of LV switchboard — fuse-switch disconnector MULTIVERT 830 -10

psc. “m.schneider Austria.
2.7. Sectional vertical switch disconnector 1000A Jean Muller
2.7. Over-voltage protections 2psc,, type: STH 3P Merlin Gerin:
I max.-65kA(20/8}; ‘
in-20kA(20/8);
Up=1.5kV;
Uc=275V,
2.8. Supply circuit-breaker of the overvoltage protection:
MULTIBLOC 160A m.schneider Austria.
2.9. Copper bars’ system:
Distributing rims — Copper bars 80/10mm.
Connection befween main circuit — breaker and distributing rims — Coppe bars
2x(50x10)mm. , TS I
Current transformer: ) S '
MAK 104/80 1250/5A
5VA grade of fit 0.5
{th max 50KkA.
3.Earthing instalation:
Internal connections- conductor HO7V-k 1x60mm2.
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Connection between neutral copper bar and potential copper bar ~ conductor HO7V-K

1X150mm2.
Connection fo external earthing contour ~-HO7V-K 1x95mm2

Ratings of prefabricated substation:
-Rated voitage on MV side — 24kV;
-Operated voltage on MV side —~ 20kV;
-Rated insulation level on MV side -50kV;
-Rated lightning impulse withstand voltage on MV side-125kV:
-Rated voltage on LV side — 0.4kV;

-Rated insulation level on LV side -2,5kV:

-Rated normal current of MV busbar-630A;

-Rated lightning impulse withstand voltage on LV side- 5kV;
-Rated feeder current -630A; ,
-Rated feeder current for transformer panels — 200A;

-Main circuit breakers on LV switchboard-1250A;

- -rated short time withstand current on MV side «16kA/1s;
-peak withstand rated current — on MV side-40kA;

-Short time withstand current on earthing circuit -16kA
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