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No. 11239

CUSTOMER: ”PAVEt and SONS Electric Lid,
12 Madara Blvd. Shumen Bulgaria \

INCERCARE

MANUFACTURER: "PAVEL and SONS” Eleciric Ltd.
12 Madara Blvd. Shumen Bulgaria

TESTED 20/ 0.4 kV, 1250 kVA Prefabricated Transformer Substation - =
PRODUCT: _ "
REFERENCE

STANDARD: IEC 62271202 / 2006 clause 6.3

TEST [

PERFORMED: Temperature-rise test and determination of thermal class™

TEST DATE: . 22.09.2011 |

TEST RESULT: Passed the tests

Reporthas 14 pages and it is edited in 4 copies from which copy 1 for laboratory and cé_pie_s 2,3
and 4 for customer. S
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TEST REPORT Ne 11239 PAGE3

1. IDENTIFICATION OF TEST PRODUCT

MV Swilchgear Transformer
Prefabricated
Substation
Type CCTS SDIHRRT TM 1250/20/0.4
20/0.4kV
Ix1250kVA
Serial number/year 1131972011 2010 142377
Technical specification See page 9,10/ See pages 1110 14
/Drawing
Contract no: 705.2/8547/17.08.2011 {:
Product receiving date: 22082011 . \
Product condition at New \
TeCeIvIng. -
2. TECHNICAL CHARACTERISTICS ESTABLISHED BY MANUFACTURER {m\}
Substation MV LV Panel Transtoriper
Switchgear enfo,
Rated power 1250 KVA - I250KVA N
Rated voltage 20/0 4KV 20kV 04KV 004 RV
Rated current - 630A 25004 36 0R/1B03A
Rated frequency 50Hz 50Hz= 30Hz Hz
Short-circuit voltage - - - 547%
Connection - - - Dyns
14145W

Total loses

3. TESTS PROGRAM
3.1 One test to check the temperature-rise test of the transformer inside of the substation and the low

voltage panel.
- During the test the power {ransformer was supplied on the high voltage windings, at total losses
Ptot — 14145W, and the low voltage winding was shoit circuited. /e
- During the test the Low Voltage equipment was supplied through fuses o’ek(pn
f= 1804A, and the shortcircuit was made at the end of the cables suppl “th

voltage windings.

3 2 Deterraination of thermal class of the substation.
4. RESPONSIBLE FOR TESTS: Eng. Sbora llie

6. PRIESENT AT THE TESTS: Mr. Velimir Dimitrov from “Pavel and Sons” Eléctric T

6. TEST REPORT Diagrams - ; Tables 6

DOCUMENTATION
: Photos 1, Drawings 4.
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PAGE 4

TEST %?gﬁ» i
N
T TEMPERATURE-RISE TEST
7.1 Three-phase suppiy circuit for temperature rise fest PA
i
b
1y
Lot
[
1oy
T g
] JIPTO]
;
I

Fig. 1 — Test diagram for current paths temperature-rise test

G - Generator type GSAM - 395G kVA, 400V, 50 Hz
PC - Connections panel
- Adapting transformer made of 3 single-phase transformers of 400/25V,
10kA, 50Hz (
CT1 - Current transformers type CIRSO —2000/35 A \
CT2 - Current transformers type CIRSO - 2x50/5 A
LV - Low Voltage equipment
PT - Power Transformer tested )

PA - Power analysing device
IPT  Substation test installation

7.2 TEST CONDITIONS AND CALCULATION RELATIONS OF TEMPERATURE-RISE ‘”’“Q\f Y,

Table 1
Test stage 1 i
Loss Current / peried
Load type (W) (A / minuies)
14145 36.08/60
Caleylation relations (IEC 60076-2:1993, clause 5.4): /,f-m\_
6, = (Ry/ R1)*(235 + 84} - 235 - for cooper winding L
AB=0,-0, 4
2\91; = eu - ea \r’

where: : ‘ ,
0,0, -windings average temperature (inside the substation and outside the substation} "
Ry R, - windings resistance measured in cold condition(inside the substation.and outside the

substation) SES T
R; Ry’ - windings resistance measured at shutdown(inside the substation and-outside the
substation} - fx‘ \
B,, 6 - environment temperature in cold condition (inside the substation and eu‘téléfef e ™
substation) o "

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

AD, A9 - windings temperature-rise(inside the substation and outside the substation)

8y, 6 - 0il average temperature at the upper pari(inside the substation and outside the

substation)
A8y, ADy — oil temperature-rise (inside the substation and cutside the substation)

& ICMET Crajova 2011/8C
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7.3 RESULTS G'ﬁ'?.fﬁ?*{ii} ATTEST

7.3.1 Transformer's temperature-rise test inside the substation

Table 2
Determined values Oil |
Windings : ¥ 5, Ra™ 8.’ 8y AB’ A8y’
(€2} °C) (£2) ) (°C) (K) (K
v 257G 3305 95.63 £9.63
LV 870.3x10° 23 MiToxio” % 94.06 68.06 67

Measurements were performed with expanded 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
Remarks: Values of the measured resistances, calculated temperatures are presented in pages 3, 6

7.3.2 Measured vatues of currents, losses and temperatures

~
Table S

Time Hour | 13.00 | 14:00 | 15:00 | 1600 | 17:00 | 18:00 | 19:00 | 20:01 | 21:01
Current 3 A 2053 | 3931 | 3879 [ 3821 | 3766 | 3710 | 3650 | 36.15 | 3607
on I A 4073 | 3946 | 3893 | 3832 | 3780 | 3718 [ 3672 | 3606 § 3609
phases T; A | 4090 | 3961 | 39.13 | 3844 | 37.97 | 3732 | 3689 | 36.09 | 36.U8
Average current | I A 40072 | 3946 | 3895 | 3832 | 37.81 | 3720 | 36.70 | 36.08 | 3609
Measured Py W 3810 | 3870 | 3930 | 3860 | 3910 § 3900 | 3970 | 3629 | 3634
loss P, 1 W E150 | 6130 | 5950 | 5780 | 5900 | 5920 1 5942 | 3380 | 5372

P3 W A60 | 4250 | 4310 | 4400 | 4342 | 4338 | 4240 | 3841 | 3834

Total foss B, | W | 14220 | 14250 | 14190 | 14200 | 14152 | 14158 | 14152 | 12330 12840
845 1 °C 4.1 244 24.5 24.8 250 254 25.7 357 237

Envirvonment 0.1 °C 24.2 24 4 247 243 24.9 252 253 254 254
femperature 0,1 °C 24.6 25.0 25.5 25.7 26.0 26.5 267 | 269 26.9

8. o 243 246 249 251 253 257 25.9 26.0 264

il temperatore B, ot 47.2 65.8 712 858 898 91.2 923 235 930
(il temperature-rise| A8, ] °C 229 41.2 513 60T | 645 63.5 66.4 67.5 67.0
Measurements were performed with exponded wncertainty of: 3 % for powers; 3% jor afrreﬁrs‘ 2 5 %4 for time and
the confidence level P = 95%.

® ICMET Craiova 2010/8C




TEST REPOKT 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 determination at
the time of shutdown (1g).

Table 4
t [min] Ruv [Q] Ryy [m€2]
1 3.30 1.105
3 329 1.10
3 3.28 1.08 ™
4 327 1.075 K \\
5 3.26 1.06 4
3 3.255 1.05
7 3.25 1.04
8 324 1.035
9 3.23 1.02 LN
10 322 1.015 —

Measurements were performed with expanded uncertainty of: 2.5 % jor resistances and the confidence level P =
95%3,

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

R,= 3305 Q) HV - high voltage winding: R,=1.11¥10°Q LV - low voltage winding

@ ICMET Cralova 2010/8C
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Iaw vobizge equipment

Table 5
No I F = reasUTInG POINTS Temperature-rise [°K]
Calculed .| Admitted
R | s | T
I | Circuit bresker terminals :
-Input 7347 | 74.38 73.62 30
| -Output : 7433 | 7512 75.24
Terminal connection of fuses 64.32 65.47 65.58
3 i Bus bar low voliage compartment in upper 68,59 | 6781 67.20
part
Bus bar low veoltage compartment in lower 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 Jor temperature 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 (IEC 62271-202:2006, clause 6.3) will be applied:

Aty =ty - bt
Ata =t -tz \
At = Atg - ﬁfl
where: \
tw= - temperature of the transformer windings outside the substation, , \
fo= -environment temperature at the end of transformer temperature-rise test cutside the \\\ Nj}
substation S
Aty - temperature-tise of the transformer windings outside the substation VAR

t;>= - temperature of the transformer windings inside the substation
to= - environment temperature at the end of transformer temperature-rise test inside the substation

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

Table 6
AL [Cl | wl'Cl | talCl [AL[Cl] tf'C] | tel'C) | At{Cl,
HV winding 50.11 75.11 69.62 95.63 19.52
LV winding 4% 86 73.86 25.00 68.06 04,06 26.00 1920
Ol 49,80 . 74.80 67.00 93.00 /| 17.20
* Remarks # These data ate according fo technical| These data are according:to tabl 2 of this Test

f;

records made by FLPROM TRAFQO test] Report
report no. T T - 161

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

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

10, TEST RESULT: PASSED THE TEST

@ {CMET Craiova 2011/BC
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PAGE 8

Aspect of Transformer Substation in the test circuit
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PAGE 9

TECHRICAL SPECIFICATION

PREFABRICATED TRANSFORRER SUBSTATION MADE OF REIMFORGED CONCRETE

TYPE; COTS 200041V IXT12B0KVA
PrRoDUCER: "PAVEL & SONS eLeCTRICUL TR, . BHUNMEN, BULGARIA
FACTORY HunBER: 11318

CASING: THE CASING OF THE CONGRETE PREFABRICATED BUBSTATION IS MADE OF WATER ~TiGHT |
REMMFORCED GONCRETE B45;
1.4,  MEASUREMENTS [ RODF tNGLUDED} !
L= 33000, B=2600mM; =27 50mm;
WEIGHT WiTH TRANSFORMERS: 15 100KG;
EQUIPKENT:
2.4, EQUIPMERT OH THE MIDDLE VOLTAGE SIDE
COMPLETE ETRIBUTING DEVICE - 81020.10  SIEMENS, WHICH CONSISTS OF CABLE UM
208V, GABLE "OUT” AKD "TRANSFORMER PROTECTION".
2 9 [NTERCONNEGTIONS 20 KV FROM iV SWITCREOARD T TRANSFURMERS NAZX(F)ZY
SxtxB0mm2,
2.3, TRANSFORMER!
TRANGFORMER 20/0.4KV 1250 KVA
DHEENTIONS:
L=1680,
W10 108,
H=1700m8.
3 4 CONNESTING CARLE FROM THANSFORMERS TO LY SWITCHBOARD —

NYY 3x(Bx240mm2)+32240MM2,

2.5.5AR CIRCUIT ~BREAKERS OF LY SWITCHBOARD — AUTOMATIO cmauw-—snsweas NS ;!
20004, !
2 8. TERMINALS OF LV SWITCBOARD — VERTICAL SWITCH DISCONRNECTOR WIHTH FUSES
BULTIVERT 4004 - 5 P5C. "M.SCHNEIDER” AUSTRIA .
2.7, COPPER BARS' SYSTEM:
[ISTRIBUTING Ris — Coprgr Bars 120xT0wn.
CONNECTION BETWEEN MAR CIRCUIT — BREAKER AND DISTRIBUTING RIMS — COPPER RARS
1201008,
CURRENT TRANSFORMER,
BH-0.66 120 2000/8A
BVA srADE OF FIT 0.8
ITH Max 50KA.

Pape | uf

Matn ofljce addresy: ST00 Shanien, Blde 12 Badara; wl + 399 54 R 44 20l 354 34 H7 5500
pfiz affice atddiess: 1000 $afta Bde 172 Yiosha; 720

ol nfiipasel- s com we

AV C

inment for the

¥
o
o
it
5l
e
£
=1
[

~ Produce ol Sonorele
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TEST REPORT PAGE 10

3, EARTHING INSTALATION:

INTERNAL GONNECTIONS- GONDUCTOR HOTV-1 Tx50mMM2,

GONNECTION BETWEEN NEUTRAL COPPER BAR AND PUTENTIAL GOPPER BAR ~ GONDUCTOR HA7V-K
TX1B0mME. i

CONNECTION TO EXTERNAL EARTHING CONTOUR ~HO7V-K 1x50MM2.

RATINGS OF FREFABRICATED SUBSTATION:

RATED VOLTAGE ON MV SIDE — 24KV,
SIPERATED YOLTAGE ON MV sI0E - 20KV
-RATED JNSULATION LEVEL ON MV $10E -50KV,;

-RATED LiGHTNING IMPULSE WITHSTAND VOLTAGE ON [V sine-128KY;
JIATED VOLTAGE ON LV 8IDE — 0.4KV;
-RATED HEULATICN LEVEL ON LV 8108 -2,6KV;
-RATED NORMAL CURRERT OF MV suUsBaR-400A;
SRATED LIGHTRING IMPULSE WITHSTAND VOLTAGE ON LV 810E- BKY,;
-RATED FEEDER CURRENHT -G30A; .
LATED FEFDER GURRENT FOR THANSFORMER PANELS — 2004, : .
AN CIRGUIT BREAKERS ON LV SWITCHBOARD-1 2504,
CRATED SHORT TINE WITHSTAND CURRENT On MV SIDE -20xAM 5]
JPEAK WITHETAND RATED CURRENT — ON MV SIDE-BOKA;
CBHART TIME WITHETARD CURRENT ON EARTHING CIRGUIT -THKA

wk
b

5 and £

wWiels
adigls

T
f;/
/

Ha ocHoBaHue un. 2
ot 33/14

DATE:19.09.20414 ' PREFARED: ENG.
SHUMEN . CHECKED: ENG.

complete transformer substation. disinb

&

S

Page 2 sv;f

1 ek +AGT T 67 #4 U9; T 350 74 BT 45 G0
3452 24 11S; faz_ 1359 L95E 67 20

Tt elRee addass: 00 Shumen, #ldv 12 M2
Safia oftice address: 1000 Satia Uidy 3124 Vitosha: tels 35

a-triaid oo
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TEST REPORT No, 11239’ PAGE 14
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PRODUCT: Substation
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TEST REPORT No. 11188 | PAGE 3
1. IDENTIFICATION OF APPARATUS
./ Substation MV Switchgear (RMU Siemens)

Type CCTS 20/0.4 kV/1x800 kVA 8DJH 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 800 kVA -

Rated voltage 20/0.4 kV 24 kV

Rated current 23.09/1154.7 A 630 A

Rated frequerncy 50Hz 50 Hz

Rated short - time withstand current: '

- peak value 40 kA 40 kA

-r.m.s. value 16 kA 16 kA

Rated duration of shori-circuit (t) Is 1s

IAC Classification A AF
Internal fault current 16kA 16 kA ~
Rated duration of internal fault current - 1s Is

3. TESTS PROGRAM

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

- Cell 1 Incoming / Outgoing; (”

- Cell 2 Incoming / Qutgoing; L
- Cell 3 Transformer protection. : """?/
3.1 Current calibration test. .

3.2 Internal arc test with arc initiation point between R and § 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 = 13.92 kA, tk = 1 s 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. ;o
Tests are performed according to own procedure PT 03.07.

4, RESPONSIBLE FOR TESTS: Ha ocHoBaHME Yn. 2
ot 3314 - /
5. PRESENT AT THE TESTS: —Eng.  Dimiar Dmitrov  from. “PAVEL and
SONS electric” 1.td., Bulgaria
6. TEST REPORT DOCUMENTATION Oscillograms 23 /- Tables . 3
Photos 3;  Drawings = 4.

© ICMET Craiova 2011/IM

N e é



TEST REPORT No. 11188 | PAGE 4
7. DATA OF TESTING AND MEASURING CIRCUIT |

TESTING AND MEASURING DiAGRAM-

T Ik S¢

~Copacitor
. ~Resizior

—Shock step up transformer
—Shock step down tronsformer

T ~Power lransformer
G --Shorteircuit generator
Ik —6kV circuit breaker

ip — 128V protection circult bregker

Se -6V making switch —M8-Meosuring points

Sk —1Z moking awitch ~Apparotus to be tested

Xp—X; ~Reoclors ~Short-circuit

PiE
L Table g™~
Number of phases 3 "
Power supply / Connection Gl/A
Transformer / Ratio TR 7,8,9/1.07
Earthing Power supply -
Apparatus Net earthing connection

Reactor Q] 0.133
Power factor <0.15 Q\“
M1 - Test current — Rogowski coils 30 kA/V . W%’
M4 - Power supply voltage - Voltage transformer 15000 V/100 V
M6 - Test voltage — Voltage divider 120 kV/60 V '
M3S - 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 | Ust | IpS kR i} Tt med

No. Urr | T | T
vl | [kal | kAl | [seed | KA
6.3 35.2 14.3 -

Cuirent

80891/2011 g.g 352 | 143 | 017 14.3 : calibration - |
64 | 337 | 143 630 | Intemalarc (|

g0892/2011| 64 | 337 | 143 | 1 | 143 - testforﬁf}ﬂR\
6.4 . } - IAC-ARY |77

Measurements were performed with extended wncertainty of: 1% for voltage; 1.5% for cuwrrent; 0.5% for
time and the confidence level P = 95 %.

© ICMET Craiova 201HIM
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8.1. Symbols used in tables and eééiliograms

IRIsIT = Short-circuit current/

IpRIpSIpT = Peak values of shoit-time withstand currents on the phases R, S, T.
Er sk = Rm.s. 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

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 IAC-AF were smade of black cretonne (140 g/mz)

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 arc effective.

8.3 Assessment of the test result \
Table 3 Q\_’:\j

Criterion Result

1.The doors, covers ete. 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 upto a .Fulfilled

height of 2 m : ' :

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

5 The enclosure remains connected to its earthing point Fulfilled

9. TEST RESULT: PASSED THE TEST

© ICMET Craibva 2011/
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g

Photos 1, 2 - Aspect of the prefabricated transformer substation and indicators .-
in the test circuit before fest I O

© ICMET Craiova 201HIM
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Photo 3 - Aspect of the prefabricated transformer substation and indicators
in the test circuit afier test

© ICMET Craiova 2011/IM
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TECHNICAL SPECIFICATION

PREFABRICATED TRANSFORMER SUBSTATION MADE OF REINFORGED CONCRETE

Type: CCTS 20/0.48Y  1X800KVA
BrOpUGER: “PAVEL & SONS ELECTRICTLTD, , SHUMEN, BULGARIA

EacToRY numer: 11320

SASING: THE CASING OF THE CONCRETE PREFABRICATED SUBSTATION 1S MADE OF WATER —TIGHT
REINFOROED CONCRETE B456;
41. NEASUREMENTS { ROOF INCLUDED) |
L= 3200M; B=2100mM0; H=2600Mml;
WEIGHT WITH TRANSFORMERS: 12 100KG;
EQUIPMENT:

2.4, EQUIPMENT ON THE MIDDLE VOLTAGE SIDE;

CONMPLETE DISTRIBUTING DEVICE » 8DJH RET SIEMENS, WHICH CONSISTS OF CABLE iy i
20KV,CABLE “OUT"” AND “TRANSFORMER PROTECTION".,

2 2. INTERGONNECTIONS 20 KV FROM MV SWITCHBOARD TO TRANSFORMERS NAZ2X(F)ZY
2 ixB0Mm2.

2.3, TRANSFORMER!:

TRANSFORMER Z0/0.4KV 500 KVA

DIMENTIONS:

L=1500mm,
e 2OV,
Ha=1520mivi.

9 4 CONNECTING CABLE FROM TRANSFORMERS TO LV SWITGHBOARD —
NYY 3x(4x240mm2)+2X240mm2,

2 .5.8AIN CIRCUIT ~BREAKERS OF LV SWITCHBOARD — AUTOWMATIC CIRCUIT-BREAKERS SIEMENS
12504,

2 6. TERMINALS OF LYV SWITCBOARD ~ VERTICAL SWITCH DISCONNEGTOR WITH PUSES
MULTIVERT 400A - 6 PSC. “ISCHNEIDER” AUSTRIA /

2.7. COPPER BARS’ SYSTEM: /
DISTRIBUTING RiMS — COPPER BARS 80X10MM. e
CONNECTION BETWEERN MAIN CIRCUIT - BREAKER AND DISTRIBUTING RIMS — COPPER"
501 5mpa.

CURRENT TRAMSFORMER:

CT.4 1250/5A

5YA GRADE OF FITB.5
ITH max BOKA.

tation, di

Produce of concrete complete transformer subs

700 Shinmen, Bldv 12 Madara; (el +359 54 87 44 99; fax +359 54 87 4500
Safia sffce address: 1000 Sofia Bidv 128 Vitasha; tek +359 2 957 24 05; fax: +3592852 8720
sl pfice@pavalmnllscom web: wivgnpavel-SONSENg

© ICMET Craiova 2011/IM
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F.EARTHING (NSTALATION:

INTERNAL CONNECTIONS- CONDUCTOR HO7V-K 1X50MM2,

CONNECTION BETWEEN NEUTRAL COPPER BAR AND POTENTIAL COPPER BAR ~ CONDUCTOR HOTV-K
11 50wm2,

CONNECTION TO EXTERNAL EARTHING CONTOUR —HO7V-K 1X50MM2.

RATINGS OF PRECABRICATED SUBSTATION:

SRATED VOLTAGE ON MV SIDE — 24KV

-OPERATED VOLTAGE ON MY SIDE — 20KV,

-RATED INSULATION LEVEL ON MV SIDE -B0KY;

-RATED LIGHTNING IMPULSE WITHSTAND VOLTAGE ON MV SIDE-125KV;
-RATED VOLTAGE ON LV 8IDE — 04KV,

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

equinment for the power engineering

RATED NORMAL CURRENT OF MV BusBAR-400A; g
-RATED LIGHTNING IMPULBE WITHSTAND VOLTAGE ON LV SIDE- BKY; £
-RATED FEEDER CURRENT -830A; 2
-RATED FEEDER CURRENT FOR TRANSFORMER PANELS ~ 200A; =1
. -NIAN CIRCUIT BREAKERS ON LV SWITGHBOARD-12504: ’;
RATED SHORT TIME WITHSTAND CURRENT ON MV SIDE -20KAMS; . 2
SPEAK WITHSTAND RATED CURRENT — ON MV SIDE-60KA; o2
-SHORT TIME WITHSTAND CURRENT ON EARTHING CIRGUIT -16KA -~ g

ib/l\%

r
%

Ha ocHoBaHue un. 2
ot 3311

pare: 11.07.2011 PREPARED: ENG
SHUMEN . CHECKED: ENG,

Produce of 561‘1:1*9__‘(@' comuplete transformer substat

PageZol2 g

R S P S
Madn office addreys: 9700 Shomen, Bldv 12 Madara; tel: +358 54 17 44 99; [ +359 54 87 45 00
Solia affice address: 100U Sofia Rldv 120 Vieosha tal: 4359 2 952 24 05 fas: +359 2 G52 67 2

pemall oftice@pavelsyuscon web: iy pavel sons.oun

- © ICMET Craiova 2011/IM
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RMU 8DJH RRT
- " ‘ T
1 ! !
I -
- | P By
TN TN T
l I !
Ly I ~h S IR |
f i | r
! R | R Tl
T TN T T )
Ot In Transformer :
protaction i
NAZXE(FI2Y 3x{Txb0) a2

- Gl Transformer 800 kVA
20/0.4 kV
- NYY O 3xdx(1x240)]+2x(1x240)mu2 |

viertical swiich disconnecior with fuses 4004 - 5 pcs.

L1 v switchbosrd 1p 164 _i C
i SR e gy
é b4 s Los h.os !
| Fo 12604 g g ég !
i e ] Interior light ! e el
R b ’ | AV
| I
5 ip 0A-3 pes. i
| T |
? cursnl franstormarsy._ E
5 1260/6 A - 3 pes. <. i
P ot 0.4 kY LILZLIGN {
| IERRRRERRE |
i L i , L
: 4 s -
| Fids |
i { |
£ ; R T T i
i L i
i
L mmmmm - o N - i

FAVEL and SONS eleclic” Lid.
Stumencly' |y

i

e

CCTS

T

Y

" - 20/0.4kV BOOKVA \
zx|Ha ocHoBaHue un. 2
PO | Circuit diagram |
- I : | i
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RESEARCH-DEVELOPMENT AND TESTING NATIONAL
INSTITUTE FOR ELECTRICAL ENGINEERING

ICMET CRAIOVA

ROMANIA

“Ov;dlu Rarinca” HIGH POWER LABORATORY-LMANCERCARE
200515-CRAIOVA Calea Bucuresti Nr. 144 ROMANIA

Phone: +40 351 402427; Fax:+40 351 404 860; +40 251 415 482
E-mail: imp@icmetb.ro

TEST REPORT

’ SREM (8&/35 25:2001
No. 9912 / June 22, 2007 CERTIFICAT DE ACREDITARE

Nr, 0041

Tested product: 20/0.4 kv, 800 kVA Complete transformer substation

Test: [nternal arc test

Test method: According to 1EC 6227 1-202/2006, Annex A

Test date: June 22, 2007

Test result: Passed the test. \(S
Head of LMP: Responsible for quality assurance: Responsible for test group:

br —*

" |Ha ocHoBaHue un. 2
ot 33/,

o,

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

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

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

" photocopying is not allowed without laboratory and RENAR writing approvai

2. Results refer to test product only.
3. Accreditation of the laboratory or any of its Test Reports issued under accr edttahon regime ‘do not

constitute or do not imply themselves an approval of the product by RENAR whmh gavu tl e

accreditation or any other body. .
PiO! -0tae
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CUSTOMER: PAVEL & SONS
Central office; 9700, Shumen BULGARIA
MANUFACTURER: PAVEL & SONS

Central office; 9700, Shumen BULGARIA

IDENTIFICATION OF APPARATUS

Substation MYV switchboard LV Switchbhoard
(Siemens)
Type BM 01A3] 8DJ20
Serial number/Year 07057 /12007 CV766249000020/001/ 2007
Technical documentation -
Drawing BM 01A31
Order no.: Comract No. 5021/ 11.06.20607
Product receiving date: April, 2007
Product condition at - New
receiving:

PERFORMANCES ESTABLISHED BY PRODUCER
Substation MV switchboard LV Switchboard

Rated voltage 24 kV 24 kV 400 V
Rated power 800 KVA - - (/\ \\
Rated current - 400 A 1250 A -
Rated frequency 50 Hz 50 Hz 50 Hz g
Rated short-time withstand current K&
- peak value (Ip) 40 kA 40 kA 84 kA o
~rms. value (Ik) 16 kA 16 kA 40 kA !
Rated duration of short-circuit (&) 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 = 1 5 and 6 kV three-phase applied voltage on output termma}s of
MV switchboard type 8DJ20. Supply was made with cooper cables of 1x180 mm brought by

customer.,

Test circuit is presented at page 7. ' i
The combined vertical and horizontal indicators were placed in front of the: 06t Jof. MV

compartment and in front of the door and the window of power transformer compa n
in front of LY compartment at 100 mm distance corresponding to accessibility class B.
The tests were performed according to own technical procedure PT — 03.07.

TEST REPORT DOCUMENTATION:  Oscillograms 2; Tables
Photos 3 ; Drawings = -

pl102-D1E
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R
P 4 » — A § D ?
Forye {63 [W4] R BR s 2L 2
~ i I EE M2 e
T —~Power lransformer G ~Capacitar ;
G . —Shorleircuit generator R —Resistor :
Ik —~BRY oircuit breaker _ TR ~Shock. step up transformer :
in —13kY protection circuit breaker G ~Shock step down transformer {
Se —BRY making switch M1-ME-Mensuring points :
S —12KY maeking switch 0 ~Appargtus to be tested !
! Ap—¥% —Reactors K —Ehart~gircuit
| | PIE
DATA OF TESTING AND MEASURING CIRCUIT -
: Table 1
Test duty Internal arc test on MV compariment ~
Phases number 3 iy
Source/ connection G3/A s
Transformer/report TR 4,5, 6/1.07
Earthing Source -
. Apparatus Net earthing connection
Reactor [mQ] 133, 133, 133
Power factor <{.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

pl27-0le
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VALUES OBTAINED ONTESTS =/

PAGE 4

“Table 2

Qscillogram | Uss L Iw DUgs Remarks
No. Us'p ng g It.mcu!- ty DUsy
Usg Ly Ly DUz
[kV] [kA] [kA] [lA] [5] [V]
3 20.23 8 -
6940472007 3 2023 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 measurem

for time and the confidence level P = 95%.

SIMBOLS USED IN TABLES AND OSCILLOGRAMS
= Peak values of currents on the phases R, 8, T.

IpR IpS IpT

g Lig Ity
ty
It med

REMARKS:

1. Aspect of the Concrete Tr

= R.m.s. values of currents on the phases R, S, T.

The duration of short - circuit

R.m.s. current mean value

DUys, DUsr, DU = Voltage drop on arc
Ugs, Ust, Uz = No-load applied voltage

in photos 1 and 2..

2. Aspect of the Concrete Tran
3. For accessibility class B, the in

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

(™

o Y

ansformer Substation and the indicators in test circuit is presented

sformer Substation after test is presented in photo 3.
dicators were made of black cotton (55 g/m®).

ASSESSEMENT OF THE TESTS
Table 3

Criterion - Result

I.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

3 The indicators arranged horizontally do not ignite - Fulfilled

6. All earthing connections are still effective

P183-01E

* The doors belong to the prefabricated substation and cubicles.
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Aspect of the complete transformer substat

Photos 1 and 2




Photo 3 — Aspect of the complete transformer substation after test
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TEST REPORT No 10732 PAGE 3

1. IDENTIFICATION OF TEST PRODUCT

Substation MYV Swilchgear Transforner
(RML} Sicmens) :
Type CCTS 8DJH REH T I000/20
20/ ARV /XI000KVA : LEMI TRAFO EOOD-
Bulgaria

Serial number/year 10001/201¢ CV 792414-000070/001  LTORGO/2009
Technical specification See pages 10,11/ see pages 1210 13
/Drawing
Confract no: 705.2/2312/29,12.2009
Product receiving date: 12.02.2010
Product condition at New
receiving;

2. TECHNICAL CHARACT ERISTICS ESTABLISHED BY MANUFACTURER
Substation MV 1.V Panel Transformer
Switchgear

Rated power 1000 kKVA - 1000 kVA
Rated voltage 20/0.4kV 24kV 04 kV 2004 kV
Rated current - 630A 1600A 28.87/14434
Rated frequency 50Hz S0Hz S0Hz S0Hz
Shert-circuit voltage - - - 6.2%
Vector group - -

Total loses

3. TESTS PROGRAM

3.1 One test to check the temperature-rise limits of the transformer and the low voltage panel

of substation. : I
The temperature 1ise test was performed at total losses of 16431 W up to the oil temperatuse '__:Q‘“/ '
stabilisation, followed by the heating at rated current In =1443 A for one hour. :
Supply was made through copper flexible cables with S = 3x(5x240) mm” in low voltage

panel on terminal connéction of fuses and high voltage windings were short-circuited. _
3.2 The temperature-rise test of the transformer outside of the substation ‘.}Ts performed by

supply the low voltage winding and short-cireuit the high voltage winding at foses-. .
16431W up to the oil temperature stabilisation, followed by the heating at rafes

Tn=1443 A for one hour.
3 3 Determination of thermal class of the substation.

4. RESPONSIBLE FOR TESTS: Eng, Ilie Sbora

5. PRESENT AT THE TESTS: My, \Ha ocHoariue un. 2
ot 33514

6. FEST REPORT Diagrams
DOCUMENTATION

Photos

@ ICMET Craiova 2010/8C
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7. TEMPERATURE-RISE TEST L
7.1 Three-phase supply circuit for temperatfure rise test

T _‘

L O

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 400725V,
10 kA, 50 Hz
CT - Current transformers type CIRSO —~2000/5 A
O - Object to be tested

7.5 TEST CONDITIONS AND CALCULATION RELATIONS OF TEMPERATURE-RISE

Table 1
Test stage I 11 '
Loss Current / period
Load type (W) (A / minutes)
16431 1443 /60~ __

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

0:=(R:/ R (235 -+ 8,) - 235 - for cooper Wihding
AB=0,- B, ‘
ABy = By - B4

where:
6,,8; " - windings average terperature (inside the substation and outside the substation)

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

R, R - windings resistance measured at shutdown(inside the substation ‘and. outside the
substation) R

8;, 0, - environment temperature in cold condition (inside the s

substation) = ; 1
8,,0, - environment temperature at the end of temperature-rise test '(i‘r@égi’ggaﬁg\}ub{tation
and outside the substation) e \
AB, AB® - windings temperature-ri se(inside the substation and outside the substation}
8, .6y - oil average temperature at the upper part(inside the substation and outside the
substation)
" A8, , ABY — oil temperatute-rise (inside the substation and outside the substation)

ibstation. gad outside the

i
H

@ [CMET Craiova 2010/BC
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7.3 RESULTS OBTAINED AT TEST
7.3.1 Transformer’s temperature-rise test outside the substation

Table 2
_ Determined values i
Windings Ry 8, Ry 8, By’ AY AB
£ C) (&) (°C). (K} {K) ()
HV 4.62 5.775 7125 61.15.
LV 1.566x107 100 1.89%x10° 10.1 73.77 63.67 38.1

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
733 Transformer’s temperature-rise test inside the substation

Tahle3
Determined values [
Windings Ry . 0, Ry 0. 8, A8 A8y
@ lcol @ lcol ® (K) )
HV 4,62 6.138 90,530 80.30
LY 1.506x10 10.0 2.015x167 10.2 92.8¢ 82.60 638
‘Measurements were performed with expanded uncertainty of 3 % for voltages; 3% for
currents: _
2.5% far time and the confidence level P = 95%,
where:

HV - high voltage winding
LV - low voltage winding A
Remarks: Values of the measured resistances, calculated temperatures are presented in pages 3, 6,7

S

7.3.3 WMeasured values of currents, losses and temperatures

- Table4

Time Hour 1 1320 | 1420 | 1526 | 1620 | 17220/4-18:20 | 19:20 | 19:21 | 2021
Current I A | 1534 | 1488 | 1475 | 147} ' 1449 1443 | 1443

on L | A | 1532 | 1495 | 1478 | 1470 36| 1444 | 1444
phases L, | A | 1547 | 1488 | 1480 | 1465 143 | 1443
Average current | L, | A | 1538 | 1491 | 1478 | 1469 114 1443
Measared P, | W | 5305 | 5360 | 5310 ; 5360 521}
s B, | W | s8(5 | 5850 | 5854 | 5851 5768

P, | W | 5312 | 5220 | 3267 | 35220 : 5233

Total loss P. | W | 16431 | 16430 | 16431 | 16431 16284 | 16212

B | °C | 1007 | 1009 | 1011 | 10.12 1018 | 10.21

Environmerny B,z oC 1004 | 1005 | 1005 | 1009 1017 1019
 temperature b | °C | 1007 | 1010 | 1007 | 10.11 1017 | 1020
0, | °C | 1006 | 10.08 | 1008 | 10.1] 110,07 | 1020

Qil temperature B, o 5985 | 76,59 | 81.37 | 8374 . _ - 8p.42- 86.44 | 37.00
Oil temperature-rise | AG, | °C_| 4925 1 66.51 | 7129 | 7363 | 74.50 7554126 196.27 | 768

Measurements were performed with expanded uncertainty oft 5 % for powers. 3

" for time and the confidence level P = 95%.
® |{CMET Craiova 2010/BC
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TEST REPORT No. 10732 | |  PAGEG

7.3.4 Symbols used in table 4:
8, : 8,3 : O - environment temperature in 3 measuring points

8, - environment average temperature: 6, = {841 + 62+ 01)/3
Iy, I, 13 —phase current

Py, Py, P; —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 currert for 10 minutes (one

reading at cach minute) using the ammeter-volimeter method, The windings resistances determination
at the time of shutdown (ta)

, Table 5
Time High voltage winding Low voltage winding
t{min] | Unv [V] Inv [A] | Ruv[©] | Uy [mV] Ly [A] Rev[mQ2]

1 11.5 6.091 1.888 1.229 0.2137 5.751
2 ii4 6.070 1.878 1.224 0.2137 5.728

3 11.3 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
6 111 6.033 1.840 1.208 02137 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 11.0 6.007 1.813 1.198 6.2137 5.606
10 i1.0 6.086 1,807 1.195 - 0.2137 5.592

Measurements were performed with expanded uncertainty of: 2.5 % for resistances and the canfidence
leve] P =95%.

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

AN

e
<
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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)

: Tahle6
Tine High voltage winding Low voltage winding
t [mm] UH\.' [\]] Iﬂ\ {A] RH\’ [Q} l}L\! [111“{] . IL\! [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 1.998
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 02173 5.980 11.910 6.058 1.970
6 1.272 02134 5,960 11.880 6.065 ' 1.960
7 1.269 0.2134 5.946 11.840 6.075 1.951
8 1.265 0.2134 5.928 11.810 6.082 1.942
9 1.261 0.2135 5.906 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 3 HV - high voltage winding
R,=2.015*10”Q2 LV - low voltage winding

® ICMET Graiova 2010/8C
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“Table 7

No. | Elemenis and temperature measuring points Temperature-rise [°KJ}
Calculed Admitted
R | s | T
1 | Circuit breaker terminals ‘
-Input _ 6548 | 6687 | 67.19
-Ouiput . ‘6412 | 6533 | 67.89
2 | Terminal convection of fuses 3278 | 30.02 | 3124 70
3 | Bus bar low voltage compariment 6223 | 6148 | 6236
4 | Fuse handler 14.45
5 | 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 (IEC 62271-202:2006, clause 6.3) will be applied:

Att = tti = tnl )
Aty =ty - {2,
At = Ak - Aty

where:

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

fg= -environment temperature at the end of transformer temperature-tise test eutsade the .
substation ' é}“&

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

t= - temperature of the {ransformer windings inside the substation

t,= - 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 PC] | Wl | ta[’Cl JAnl’c) | tel'Cl | tol'Cl | Atf°C]
HV winding 61.15 7125 8030 90.50 1915
LV winding 6367 73.71 10.1 82.60 92.3 102 | 1893
0il 58.10 68.20 76.80 | 87.00. 18.70
Thermal class: because 15 K < At < 20K = Class 20 /,f
9, REMARK |

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

10, TEST RESULT: Temperature-rise of the low voltage equipment did not e:xgeed the speclﬁed
limits (see table 7) and thermal class is 20 (see table 8}. . .

@ICMET Craiova 2010/BC
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Aspect of Prefabricated Substation in the test cireuit
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TEST REPORT Ne. 16732 PAGE 16

Technical specification
Profabricated transformer substation made of reinforced concrete

Type: CCTS 20/0.4kV ix100DkVA
Producer: “Pavel & sons”Ltd. , Shumen, Bulgaria
Factory number: 10001

Casing: The casing of the Concrete Prefabricated Substation s made of water ~tight
reinforced concrete B45,
1.1 Measurements { roof Included) :
L= 3100 B=24000es; H2750mmy;
Waeight with transformers: 13 350kg;
Equipment:
2.4.Equipment on the Middie Voltage side;
Complete distributing device - 8DJH RRT Siemens, which consists of cable “IN”
20%V,cable “OUT” and “Tranaformer protection”.
2 2 Interconnections 20 KY from MV switchboard to transformers NAZX(F 12Z¥Y3x1ix
50mma2.
2.3.Transformern
transformer 20/0.4kV 1000 kVA
Dirmnentions:
L=1860rmm.
W={100mm.
H=1830mm.
2.4 Connecting cable from transformers to LY switchboard -
MYY 3x{4x240mm2)+2x240mni.
2.5 Main circuit -breakers of LV switchboard — automatic circuit-breakers
NS1600N Micrelogic 2.0. :
2 6 Terminals of LY switchoard — vertical switch disconnector with fuses
MULTIVERT 400A - 6 psc. “m.schneider” Austria
2.7. Copper barg’ system:
Distributing rims — Copper bars 50x15mm.
Connection between main circuit — breaker and distributing rims — Copper bars |

0x15mm. T
Current transformes: .

CT-4 15060/5A

VA grade of fit 0.5
fth max 50KA. : ,

3.Earthing instalation:

Internal connections- steel bar 40x4mm. -

Ratings of prefabricated substation:
-Rated voltage on MV side — 24KV,
Operated voltage on MV side - 20kY;
-Rated insulation level on MV side -50kV;
-Rated lightning Impuise withstand veltage on MV side-1 28kV,
.Rated voltage on LV side — 0.4kY,
-Rated insutation leve! on LV side -2,5kV;

“®ICMET Craiova 2010/8C
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TEST REPORT No. 18732 PAGE 11

-Rated normal current of MYV busbarg400A;

-Rated lightning impulse withstand voltage on LV side- 6kVY;
-Rated feeder curvent -400A;

~Rated feeder current for ransfermer panels — 2004,

-#aln circuit breakers on LY switchboard-16004;

~-rated short Hme withstand current on MY side ~16ka/is;
-peak withstand rated cumenmt - on MV side-40kA;

-Short time withetand current on earthing cireuit ~16kA

Date: 02.02. 2010 Prepared;
Shumen Checked: I-(IJ? ggﬁﬁaame yn. 2

)

® ICMET Craiova 2010/BC
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TEST REPORT No. 13613 PAGE 3
LIDENTIFECATION OF APPARATUS
Substation MV Switchgear (RMU Siemens)
Type CCTS 20/0.4 kKV/2x1000 k<VA  SDJH TRRT
Serial number/year 13002/2013 CV 825226-00020/001/2012

CV 841392-00020/001/2013
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 RSTADLISHED BY PRODUCER
Substation MYV 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) ls ls
IAC Classification AB AT
Internal fault current 16 kA 16 kA
Rated duration of internal fault current 1s ls

3. TESTS PROGRAM

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

- Cell } Transformer protection;

- Cell 2 Theoming / Quigoing;

- Cell 3 Incoming / Outgoing;

- Cell 4 Transformer protection .

3.1 Current calibration test.

3.2 luternal arc test for TAC 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 IAC 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 parameters were: Ip =40kA, Ik =16kA tk=1¢ /Z

Arcing point was initiated by means of a copper wire having 0‘5 min diamet
Supply was made with flexible copper cables of 3x(1x185 mm?).

The combincd vertical and horizontal indicators were placed: ,
- for TAC B: in front of the closed door of MV compartment, transformers uompasuncnt
and windows at 100 nun distance |

- for JAC A: i 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'coml artment

4. RESPONSIBLE FOR TESTS: H
a OCHOBaHue 4. 2 . h
oT 3311 T
5. PRESENT AT THE TESTS: 'OV ﬁ Gm “PA \ L_a_nd
6. TEST REPORT DOCUMBENTATION 3 L Tables 3
Photos 2 Drawings

& ICMET Craiova 2013



TEST REPORT No. 11613

7. DATA OF TESTING AND MEASURII\G CIRCUIT

PAGE 4

T ~Power tronsformer C —Capacitor

G ~Shorteircuit generatar R ~Resistor

Ik -6V circuit breaker 1R ~Sheck step up tronsformer

ip ~12kV protection circuit breaker I —Shock step down Etransformer

Sc —6ky meking switch M1—-M8 —Measuring points \

Sk ~12kV making switch 0 -Apporatus o be tested

Kp—X_ ~Regclors K ~Short~circuit

P1
Table 1
Number of phases 3
Power supply / Connection . GiA e
Transformer / Ratio TR 4,35,6/1.07 Voo
Earthing Power supply - “»ﬁf .
Apparatus Net earthing connection ./

Reactor [ 0.133
Power factor <0.15
M1 - Test current — Rogowski coils 30 kKA/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 presented in table 2.
Table 2
URS IpR iR DURS / -
Oscillogram UgT IpS LR i It med DUST /
No. UTR | %T T DUTR
kv | kAl | ey | Bseed | BAL | v
84780/2013 6.1 42 16.1 - Current
6.1 - 16.2 02 16.13 - calibration
6.1 - 16.1 -
84781/2013 0.4 40 16.2 75 Intcrnal arc test
6.4 - 16.1 { 16.13 75 o for
6.4 - 16.1 716/ JAC- B
84782/2013 6.4 415 16.1 672 Iutf;p a: éi‘g«tesﬁL
6.4 - 162 1 16.16 708 . | ? 2k
6.4 - 16.2 608 l S

Measurements were performed with extended uncertainty of: 196 for voltage; 1.5% for current; 0 59’ ﬁ)] time and

the confidence fevel P = 95 %.

© ICMET Craiova 2013
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8.1. Symbols used in tables and oscillograms
IRISIT = Short-circuit current
pRIpSIpT = Peak values of short-time withstand currents on the phases R, S, T.

kR ks tT = R.m.s. 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. Aspeet of the prefabricated transformer substation and indicators in the test circuit before test
from JIAC B are presented in photos 1 and 2.

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

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

4. Aspect of the prefabricated transformer substation and indicators in the test circuit aft 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. fg_’/
8.3 Assessment of the test result
Table 3
Criterion Result
1.The doors, cavers 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
height of 2 m
4, Indicators do not ignite due to the effect of hot gases Fulfilled
5. The enclosure remains connected to jts earthing point oo

Fulfilled

9, TEST RESULT: PASSED THE TEST
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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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Photo 3 and photo 4 - Aspect of the prefabricated transformer substation and indicalo
cireuit after test from IAC B T
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TECHNICAL SPECIFICATION

PREFABRICATED TRANSEORMER SUBSTATION MADE OF REINFORCED CONCRETE

he ower ehgiteerl

Type: CCTS 20/0.4xV H1000KVA
Probuckr: “PAVEL & SONS sLECTRICTLTD, , SHUNMEN, BULGARIA
FACTORY NUMBER: 13002

. {or

Liks

LASING: THE CASING OF THE CONCRETE PREFABRICATED SUBSTATION (8 MADE OF WATER =TIGHT
REINFORCED CONCRETE B4,

4.1, WEASUREMENTS ( ROOF INGLUDED)
L= 4600w, B=2800mM; H=2830Mm;
WEIGHT WITH TRANSFORMERS: 25 100Ka;
EQUIPMENT:

2.4, BEQUIPKENT ON THE MIDBLE VOLTAGE SiDE!
COMPLETE DISTRIBUTING DEVICE « BDJH TRRT SEMENS, WHICH CONSISTS OF CABLE “IN”, CABLE
*EUT" ARD STRANSFORNER PROTEGTION” = 2PCS,

2.2, {NTERcGNNechNs 20 KV FROM MV SWITCHEBOARD TO TRANSFORMERS NAZ}\S(F}
3x %50, L

2.3, TRANSFORMER!

TRANSFORMER 20/0,4KV 1000 kWA - ZPCS,

DIMENTIONS:

Ee1 3000,
W1 1000,
H=1300mM,

2 4. CONNECTING CABLE FROM TRANSFORMERS TO LV SWITCHROARD -
NYY.0 3x{4x300m0m° 422300,

2 8 BEAIN CIRCUIT ~BREAKERS OF LV SWITCHBOARD - AUTOMATIC G Rcmwmtawws
NS 1600A “ScHNEIDER BLECTRIC™.

2 6. TERMINALS OF LV SWITCEDARD — VERTICAL SWITCH DISCORRECTOR WITH FUSED
MULTIVERT 6304 - 5 PGS, “M.ACHNEIDER" SUSTRIA

2.7. COPPER BARS' SYSTEM!

PHSTRISUTING RIMS — COPPER BARS 120X 10mM, S g
CONNECTION BETWEEN MAIN CIRCUIT ~ BREAKER ARD DIETRIBUTING RivE ~ COFPER BA H
Zx(B0x10m), W

tion pancls and eguim

1.
{

cr subsiaiion. distri

. ~ \ J':. -~
Prociniee of concreie complSle trnslorn

3 EARTHING INETALATION:
IHTERNAL CONNECTIONS= CONBUCTOR FOTV 4 1 X50WumM2,

it o oe e T 5

SR e
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CONNECTION BETWEEN NEUTRAL COPPER BAR AND POTENTIAL CORFER BAR = GONDUGTOR HOTV -
1X1500Mm2,
CONNECTION TO EXTERHAL BARTHING CORTOUE —HOTV-K 125012,

RATINGS OF PREFABRICATED SUBSTATION:

~RATED VOLTAGE ON AV $IDE — 24KV,

~CIPERATED VOLTAGE ON MV 2IDE ~ 20KV,

RATED INSULATION LEVEL ON MV SIDE -50KV;

RATED LIGHTNING IMPULSE WITHSTARD VOLTAGE ON MV 8iDE-125KV;
-RATED VOLTAGE ON LV 8IDE - 04KV,

-RATED INSULATION LEVEL ON LV SIDE -2,ERV,;

RATED NORMAL CURRENT OF MY BUSBAR-400A;

RATED LIGHTNING IMPULSE WITHSTAND VOLTAGE O LV SIDE- 8KV,
-RATED FEEDER CURRENT -630A; ™
RATED PEEDER CURRENT FOR TRANSEORMER PARELS - 2004

SHAIN CIRCUIT BREAKERS ON LV SWITCHBOARD-TZ50A;

-RATED SHORT THAE WITHSTAND CURRERT ON MV SIDE -20KA/1S;
-PEAK WITHSTAND RATED CURRENT — ON MV sIDE-BQKA;

~SHORT TIAE WITHSTAND CURRENT ON EARTHING CIRCUIT -1GKA

)‘r'

Ha ocHoBaHue un. 2
ot 33/14

Drate: 28.01.2043 FREPARED
SHUMEN CHECKED;

edtn e adelpEes Lol Sala Blehe 120V tehon ted #2702 G0 B Al s S TR TR 4

ek e L e e e

@ ICMET Craiova 2013 __!
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