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11. Instruments used for the tests:

- Turn ratio meter PWR 3-A serial nr.0928-5305;

- Microohmmeter-MRC6105N-serial nr.0928-5306;

- Wattmeter " Yokogava"-WT1600 serial nt.91J702269;

- Castresin VT CL3.6kV{(1500-3000/100V)-VKM24/2/H-serial nr.:

- 345080101; 345080102; 345080103,
- Castresin CT(25-300/5A)-A0S-serial nr.: 09195334; 09195335; 09195336;
- Capacitor divider(100V/100kV)- serial nr.1954

- Digital thermometer type HI 8757 serial nr.1203939

~  Mechanical chronometer type Slava serial nr.0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

I’" 7L
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Head of “I.T b-:l:EggT;’m

BLATARRR

. Eng. Katerina Raicheva
d ) (signature and stamp)
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TEST REPORT
Ne0007-2/25.03.2016

1. Thi‘ee phase oil-immersed shunt reactor, hermetically sealed,
PM 400-20, Y, Ne249477, 2016

( 2. Customer : LEMI TRAFO J SC, 2304 Pernik, BULGARIA ,I Vladaisko vastanie Street
order 0006/26.02.2016

3. Manufacturer: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
4. Test methods used : IEC 60076-2-¢c1.7.3.2;
5. Date on which the product was received in test room: 23.03.2016
6. Tests performed:
6.1. Temperature rise test — IEC 60076-2
7. Test date: 25.03.2016
8. Te.st result; The product passed the tests

{ 9. The report contains: 9 pages...............

s
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Head of “LTCSTEST" "

I bBATATAT M PG ALIA .J

Eng. Katerina Raicheva
(signature and stamp)
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10. Test results: l
Power 400 kVAr Freguency 50 Hz Year of production 2016
Cooling ONAN Cvertemperature | 80K-65K Vector group Y
insulation class | 125150124 Type PM400-20 Coeff. Temperat. Material| 235
Voitage (V) 20000
Tapping s(kVAr) 400/ 360/ 320
Current (A) 11.55/10.39/86.24
Connection Star
Insulation class (kV) 24

20000V Temperature reference (°C ) 75

Ratio
‘ Load
losses
L { Watt)
Guaranteed value 3300
Tolerance (%) +5%
Measured value 3435
Deviation (%) +1.4%

MEASUREMENT OF WINDINGS RESISTANCES BEFORE HEATING I

Measure temperature : 14°C

Winding 20000V
K Q]
Phases
TV-1W 13,415

RESULTS AT THERMIC REGIME
Ambient temperature
Maximum temperature of the oil
Temperature in the upper part of the radiators
Temperature in the lower part of the radiators
Average over temperature of the oil To-(Tra-Trb)/2-T1

T1
To
Tra
Trb
DTm

FINAL RESULTS

RESULTS AT SWITCHED OFF LOAD

T
Ro
T
Tra
Trb

- Ambient temperature
Resistance of the windings at the moment of switched off load

Maximum temperature of the oil
Temperature in the upper-part of the radiators
Temperature in the lower

rt of the radiators

WINDINGS

HV

17,27 | °C

62,93 | °C

48,565 | °C

33,66 | °C

3822 | K

17,27 1 °C

16,599 | Q

61,61 | °C

47,68 | °C

32,88 [ K
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DTm  Average over temperature of the oil To-(Tra-Trb)/2-T1

OVERTEMPERATURE OF THE WINDINGS TOWARDS THE AMBIENT TEMPERATURE

l 36,99 | K

DT2 Overtemperature of the windings at switched off K
load{R1/R0)*(235[225]+T0)-235[225]-T1 55,83
Dto Maximum overtemperature of the oil at switched off load 4566 | K
Dtcu Overtemperature of the windings towards the ambient temp. K
DT2+(DTm-DTm1) 57,05
10.1 Temperature rise test:
—
Hours CH1 CH2 CH3 CH4 CHS5 CH®6
Ambient Ambient Ambient Max. Upper rad. Lover rad.
(°C) {°C) (°C) {°C) (°C) (°c)
00:00:00 13,00 13,20 13,00 14,20 14,20 13,00
00:30:00 13,00 13,20 13,00 23,39 19,72 13,78
01:00:00 13,00 13,20 13,00 32,37 25,99 16,75
01:30:00 13,50 13,20 13,80 38,54 30,88 19,83
02:00:00 13,80 14,00 13,80 43,56 34,30 22,70
02:30:00 14,00 14,20 14,00 47,23 37,02 24,70
03:00:00 14,20 14,20 14,20 50,24 38,94 25,81
03:30:00 14,80 14,50 14,50 52,90 41,04 27,35
04:00:00 15,50 15,00 15,00 55,05 42,59 28,74
04:30:00 16,20 15,70 15,50 56,89 43,44 29,72
05:00:00 16,00 16,00 15,50 58,12 44,74 30,48
05:30:00 16,30 16,20 15,80 59,19 45,69 30,890
06:00:00 16,70 16,50 16,00 60,04 46,32 31,39
06:30:00 17,00 16,40 17,00 60,91 46,42 32,03
07:00:00 17,00 16,50 17,00 61,59 47,55 32,52
07:30:00 17,20 16,80 17,00 62,31 48,18 32,86
08:00:00 17,40 17,00 17,00 62,83 48,44 33,30
08:30:00 17,60 17,00 17,20 62,87 48,41 33,42
09:00:00 17,85 16,89 17,12 62,85 48,47 33,46
09:30:00 17,80 17,00 17,00 62,93 48,55 33,66

Measurements were performed with expanded uncertainty 6% for temperature and the confidence level P = 95%.
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10.2 Measurement of winding resistance after shutdown:

phase V - W
Minutes Q0 AT
0:01:00 16,445 52,97
0:02:00 16,328 50,82
0:03:00 16,227 48,92
0:04:00 16,148 47,46
0:05:00 16,085 46,20
0:08:00 16,022 45,12
0:07:00 15,972 44,19
r

g

09
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0:08:00 15,938 43,56
0:09:00 15,875 42,39
0:10:00 15,841 41,76
0:11:00 15,804 41,07
0:12:00 15,763 40,31
( 0:13:00 15,744 39,96
0:14:00 15,705 39,24
0:15:00 15,688 38,92
0:16:00 15,645 38,12
b:17:00 15,637 37,97
0:18:00 15,62 37,86
( 0:19:00 15,592 37,14
0:20:00 15,575 36,82

Measurements were performed with expanded uncertainty 0,5% for resistance and the confidence level P = 95%,
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N
Overtemperature HY winding
y= 4E+172x?- JEHI1E + BE+09x* - 1E40813 + 815399)(2 - 4602 5x + 55,829
55,00
50,00
€
g
£
g
-
g
E 45,00
o
40,00
36,00 ; : S o i
0:00:0 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 01747 0:20:10 0:23:02

Minutes

36
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11. Instruments used for the fests:

- Microohmmeter-MRC6105N-serial nr.0928-5306;
- Wattmeter " Yokogava"-WT1600 serial nr.91J702269;

- Cast resin VT CL3.6kV(1500-3000/100V)-VKM?24/2/H-serial nr.:

345080101;345080102;345080103;

- Castresin CT(25-300/5A)-A08S-serial nr.: 09195334;09195335;09195336,
- Resistance thermometer Pt 100, type 448/2012 - serial nr, 1,2,3,4,5,6,7;

- Mechanical chronometer type Slava serial nr. 0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

2. Vasil Vasilev:.i. .
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TEST REPORT
Ne 0007-3/26.03.2016
CUSTOMER: LEMI TRAFO JSC, 2304 Pernik, BULGARIA 1 Vladaisko vastanie Street
SUBJECT: : Three phase oil-immersed shunt reactor, hermetically sealed
400kVAr - 20KV

REF. CUSTOMER N? 6 Dated: 26-Feb-16

REF. CONSTRUCTOR

TEST ROOM :

OBJECT OF THE TEST :

"LTC - TEST" Pernik

Test is carried out to determine the conformity of the product to the
customer order.

DATE OF ISSUE

RECEIVER COPY

26-Mar-16

LEMI TRAFO JSC, 2304 Pernik, BULGARIA

FOR CUSTOMER
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Serial Ne 249477
Power 400 kVAr Frequency 50 Hz Year of production 2016
Cooling ONAN Overtemperature | 80K-65K Vector group Yzn5
Insulation class | 125/60/24 Type PM400-20 Standard IEC60076-3
Voltage (V) 20000
Tapping's +2%2.5%
Current (A) 11.55
Connection Star
Insufation class (kV) 24

IMPULSE TENSION: 125kV

Testing scheme

POLARITY: NEGATIVE
NORMAIL WAVE 1,2 +30% / 50 £20%

Rsi Rse “
—— +—O O—7F—[ 1 \
| _| —I_CT‘E
N
jr—y 41 Rpi Rpe RT1 SUB(SJ,I;_“CT »
c12 TEST
1T RT2
- §®
OSCILLOSCOPE
Impulse generator "AME"
Total max load of tension 400kV - Energy at max load of tension- 20 kJ
Number of arms : Four arms in serial
CALIBRATION CONSTANT FOR IMPULSE TEST:
K =6794.8
Result from the test: POSITIVE

HT1

Date:

268.03.

2016

RS

LTC-TES
b,

5 BbATAFLA

11§ Customer

i

5
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OIL - IMMERSED SHUNT REAKTOR
400kVAr - 20kV
1.REQUIREMENTS OF THE TEST:
The impulse must have the following characteristics:
"| - Nominal Impuise Voltage: 125 kv
- Nominal time of front duration: 1.2 us(+30%)
- Nominal time duration of the half of tail: 50 ps(+20%)
- Max over-shoot on the peak of the waveform: 10 %
The test will be performed according to IEC standards Ne IEC-EN-60076-4
N
2. ENVIRONMENTAL CONDITION DURING THE TEST
Air temperature: 14.0°C
Pressure! 952mb
Refative humidity % 47%

7
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase A

VOLTAGE
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Waveform Characteristics

Front time: 1.38 ps
_ Tail time: 4536 ps
Current
'Ibﬁ Stop | . E“I_Il = ‘3 A

wf

Y IO T

I i i P .
T mlio.0ms] Al chz % 4,00 Al

_ 20,0V 10,0115
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R2=
R3=

R1=
R2=

R4=

Osciollogram Ne1

50%VN (62,5kV)
100%VN (125kV)
100%VN (125kV)
100%VN (125kV)

50%VN (85,5kV)
100%VN (125kV)
100%VN (125kV)
100%VN (125KV)
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase B Osciollogram Ne2

VOLTAGE

B BSmssnanssecce . ] R1=  50%VN (62,5kV)
Y S DU DS SRR S R2=  100%VN (125KV)
kbt R e R3=" 100%VN (125kV)
I : : : ; i A ] R4= 100%VN (125kV)
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Waveform Characteristics
Front time: 1.38 ps
Tail time: 45.32 ps

L — e M ——— R1=  50%VN (62,5kV)
: : : ‘ : ; R2= 100%VN (125kV)

_ R3= 100%VN (125kV)

R R4= 100%VN (125kV)

: A RPN | o HENPPI AP | N S ad 3
M1C.0ps] A Chz2 v —4.00 A \
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e [ 26.0%v ___ 10,0145 [E¥[10.00 % | 10:28:16
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OSCILLOGRAM REGISTRATION

Negative impulise on Phase C

VOLTAGE
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Waveform Characteristics
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TEST REPORT
Ne 0007-4/26.03.2016

1. Three phase oil-immersed Shunt reactor, hermetically sealed,
PM 400/20, Y, Ne249477, 2016

7. Customer : LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
order 0006/26.02.2016

3. Manufacturer: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
4. Test methods used : IEC 60076-10:2003; '

5. Date on which the product was received in test room: 23.03.2016

6. Tests performed:

6.1 Determination of sound levels - (IEC60076-10 cl.11.2)

7. Test date : 26.03.2016

8. Test result: The product passed the tests

9. The report contains: 6 pages

10. Site: Test Room "LTC-TEST", Pernik : J

A
B

Head of “LTC-TESTe - \NAMAAM A

BI-AfARLT

Eng. Katerina Raicheva
(signature and stamp)

S

9%’
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11. Test result:
Details of reactor
Serial Ne :249477 kVAr: 400 Voltage: 20000 kV
Details of measuring instrument

Brand: Briiel & Kjeer Type: 2238 Mediator Serial Ne : 2684705
Microphone type : 4188 : Microphone serial Ne : 2690664
Test conditions

Feeding voltage: 20000V Frequency: 50 Hz

A weighted sound pressure level Lp_A:
M Qil-immersed reactor - hermetically sealed

Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 51,5 | 26,6 | 51,5 9 52,3 26,8 52,3
2 51,9 | 26,6 | 51,9 10 52,6 26,7 52,6
3 52,7 | 26,4 | 52,7 11
4 51,7 | 26,6 | 51,7 12
5 51,5 | 26,3 | 51,5 13 Legend
6 51,9 | 26,7 | 51,9 14 1 = Transformer noise
7 52,4 1 26,9 | 52,4 15 2 = Background noise
8 51,8 | 26,5 | 51,8 16 bl
Arithmetic/energy average : | 52,03 dB | on 10 measure points

LpA 51,01 dB
LwA 60,18 dB

Environmental correction K 1,0398508
Principal prescribed countur 8,262 m?
Total area of the surface test room 122,16 m?
I
s
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Details of reactor
Serial Ne ;249422 kVAr: 360 Voltage: 20000 kV
Details of measuring instrument
Brand: Briiel & Kjeer  Type: 2238 Mediator Serial Ne : 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 50,3 | 26,6 | 50,3 9 50,3 26,4 50,3
2 49,8 | 26,3 | 49,8 10 49,9 26,4 49,9
3 50,5 | 26,4 | 50,5 11 '
4 50,1 | 26,6 | 50,1 12
5 49,7 | 26,3 | 49,7 13 Legend
6 49,6 | 26,5 | 49,6 14 N 1 = Transformer noise
7 50,2 | 26,1 | 50,2 15 2 = Background noise
8 | 505265505 | 16 2 T
Arithmetic/energy average : | 50,09 dB | on 10 measure points

LpA 49,06 dB
LwA 58,23 dB

Environmental correction K 1,0398508
Principal prescribed countur 8,262 m?
Total area of the surface test room 122,16 m?
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Details of reactor
Serial Ne :249422 kVAr: 320 " Voltage: 20000 kV
Details of measuring instrument
Brand: Brilel & Kjaer Type: 2238 Mediator Serial No : 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: b0 Hz
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
| 49,7 | 26,3 | 49,7 9 49,4 26,2 49,4
2 49,3 | 26,1 | 49,3 10 49,2 26,0 49,2
3 49,1 | 26,5 | 49,1 11
4 49,6 | 26,2 | 49,6 12
5 49,2 | 26,2 | 49,2 13 Legend
6 48,9 | 26,4 | 48,9 14 1 = Transformer noise
7 49,5 | 26,1 | 49,5 15 2 = Background noise
8 491 | 26,3 | 49,1 16 b
Arithmetic/energy average : | 49,30 dB | on 10 measure points

LpA 48,27 dB
LwA 57,44 dB

Environmental correction K 1,0398508
Principal prescribed countur 8,262 m?
Total area of the surface test room 122,16 m? \

LV
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12. Testing scheme:

:—-—n—n;i" ,"’ : “,W ézu»" ‘7!
- S Yol
rr : T
1 %’“"‘ e 6
e ""t = _7_,,..%3,,-443 5

7B ]
%ﬁ el s e - = i
i '&b&ftz’%m@ammmﬁ TR e1E g

=

“e
P

Distance X =0.3m. Distance D =0.61m. Microphone height from fioor: 0,54m

13. Instruments used for the tests:
- Calibrator Sound Level Meter, serial nr.2651663
- Sound Level Meter, serial nr. 2684705
- Measuting Roulette, steel, serial nr. 51217

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this repott in any other form unless
its complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

2. Vasil Vasilev:......... aﬁicf -------------- TR o g e N
t w’i R R |

o3

o AL Yjare

PR
:

L
Head of “LTC-TEST" ..
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TEST REPORT
Ne 0006-1/23.03.2016

1. Three phase oil-immersed shunt reactor, hermetically sealed,
PM 600 - 20, Y, Ne249422, 2016

9. Customer : LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Strect
order 0006/26.02.2016

3. Manufacturer; LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

4. Test methods used : IEC 60076-1:2011;
IEC 60076-3:2000;

5. Date on which the product was received in test room: 22.03.2016

6. Tests performed:
6.1. Measurement of winding resistance (IEC 60076-1:2011-cl.11.2);
6.2. Measurement of reactance (IEC 60076-6:2007-¢1.7.8.5.2);
6.3. Measurement of loss at ambient temperature (IEC 60076-1:2011-cL.11.5);
6.4. Dielectric routine tests (IEC 60076-3:2013)
6.4.1. Separate source AC withstand voltage test (IEC 60076-3:2013-cl.10);
6.4.2. Induced AC withstand voltage test (IEC 60076-3:2013-cl.11.2);

7. Test date: 23.03.2016
8. Test result: The product passed the tests

9, The report contains: 5 pages

[ e TC “;
ECA, LT0,
=\ e
Head of “I TC-TE§THur s UM A Ko |
“—mEng. Kaferifa-Raichefa- .o .
(signaturelind stamp
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10. Test result:

10.1. Measurement of winding resistance:

Power RU.v, Ru.w, Rv.w,
Q Q Q
600kVAr 8.582 8.588 8.591
540kVAr 9,232 9,239 9.243
480kVAr 10.036 - 10.044 10.048

Measurements were performed with expanded uncertainty 0,5% and the confidence level P = 95 %.

10.2, Measurement of reactance:

Temperature during test
20°C

Power UL | 02 U3 il 7} 13 | Xi/ph | X2/ph | X3/ph
[V] [Vl [V] [A] [A] [A] [ (] [€]
600kVAY 754.3 754.5 755,1 1.141 1.14 1.141 661 662 662
S40kVAr 746.3 747.1 746.8 1.01 1.01 1.012 739 740 738
480kVAr 740.4 740.7 740.3 0.892 0.893 0.894 830 829 828

Measurements were performed with expanded uncertainty: 2% for voltage2,5% for current,3 % for power and the
confidence level P = 95%.

qo0¢
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10.3. Measurement load losses at temperature 20 °C:

Measurements were performed with expanded uncertainty; 2% for voltage,2,5% for current,3% for power and the
confidence level P = 95%.

Power Ul U2 U3 I 2 13 P1 P1 Pr1
vl V] V] [A] [A] [A] [W] W] [W]
600kVAr 2497 2501 2502 2,155 2.168 2.164 20.2 20 20.2
540kVAr 2499 "2502 2499 1,946 1.949 1.951 18.1 18.2 18.1
480kVAr 2498 2500 2499 1,743 1,748 1.745 15.5 15.5 15,5
Uav. Iav. SP PK¥C
[Vl [A] W] [W]
2500 2.162 60 4816
2500 1.948 54,4 4354
2499 1.746 46.5 3624



TEST LABORATORY "LTC - TEST"

TO "LTC" Lid. FC 5.10 - 1/7

Page 4 | All pages5

ROUTINE TEST REPORT

Revision 0

- D

:

¢ — =

[mo—|>gmo-n-:mz>:a—||

10.4 Dielectric routine tests :
10.4.1 Separate source AC withstand voltage test:

Winding Earthing Test voltage, Erequency, Test fime,
: [kV] [Hz) Is]
High voltage tank 50 50 60

Measurements were performed with expanded uncertainty: 3,6% for voltage and the confidence level P = 95%.

10,4.2 Induced AC withstand voltage test:

Test voltage Frequency, Test time,
2xUn, [V] [Hz] Is]
40000 150 40

Measurements were performed with expanded uncertainty: 2% for voltage, 0,0016% for frequency and the confidence level

P=05%.

q
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TEST LABORATORY "LTC - TEST"
TO "LTC" Lid. FC5.10-1/7

Page 5 | All pages S

ROUTINE TEST REPORT

Revision 0

11. Instruments used for the tests:

- Turn ratio meter PWR 3-A serial nr.0928-5305;

- Microohmmeter-MRC6105N-serial nr.0928-5306;

- Wattmeter " Yokogava"-WT1600 serial nr.91J702269;

-~ Cast resin VT C1.3.6kV(1500-3000/100V)-VKM?24/2/H-serial nr.:

- 345080101; 345080102; 345080103,
- Cast resin CT(25-300/5A)-A0S-serial nr.: 09195334; 09195335; 09195336;
- Capacitor divider(100V/100kV)- serial nt.1954

- Digital thermometer type HI 8757 serial nr.1203939

- Mechanical chronometer type Slava serial nr.0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

2. Vasil Vasilev:.....

i BRAEAPYA

Eng. Katerina Raicheva
(signature and stamp)
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TEMPERATURE RISE TEST -
Revision 0
TEST REPORT
Ne0006-2/24.03.2016

. Three phase oil-immersed shunt reactor, hermetically sealed,

PM 600-20, Y, Ne249422, 2016

. Customer ;: LEMI TRATO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

order 0006/26.02.2016

. Manufacturer: LEMI TRAFOQ JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
. Test methods used : IEC 60076-2-cl.7.3.2;
. Date on which the product was received in test room: 22.03.2016

. Tests performed:

6.1. Temperature rise test— [EC 60076-2

. Test date: 24.03.2016

. Test result: The product passed the tests

Eng. Katerina Raicheva
(signature and stamp)
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10. Test results:
Fower 600 kVAr Fregquency 50 Hz Year of production 2016
Cooling ONAN Overtemperature 60K-65K Vector group Y
insulation class| 125/50/24 Type PM&00-20 Coeff. Temperat. Material| 235
Voltage (V) 20000
Tapping's(kVAr) 600/ 540/ 480
Current (A) 17.32/15.60/13.86
Connection Star
Insufation class (kV) 24

_ 20000V Temperature reference (°C) 75

Ratio
Load
fosses
SR | (Watt)
Guaranteed value 4750
Tolerance (%) +5%
Measured value 4816
Deviation (%) +1,4%

MEASUREMENT OF WINDINGS RESISTANCES BEFORE HEATING

Measure temperature : 16°C

Winding 20000V
K Q]
Phases
TV-1W 8,477

FINAL RESULTS

VVINDINGS
RESULTS AT THERMIC REGIME HV
T™ Ambient temperature 19,07 § °C
To Maximum temperature of the oil 68,41 | °C
Tra Temperature in the upper part of the radiators 56,38 | °C
Trb Temperature in the lower part of the radiators 37,91 | °C
DTm  Average over temperature of the oil To-(Tra-Trb)/2-T1 40,11 ] K
RESULTS AT SWITCHED OFF LOAD
T1 Ambient temperature 19,23 | °C
Ro Resistance of the windings at the moment of switched off load 10,58910 | Q
T Maximum temperature of the ol 67,10 | °C
Tra Temperature in the upper part of the radiators 54,76 | °C
Trb Temperature in the lowerbartof the radiators 3712 | K

I/
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DTm  Average over temperature of the oil To-(Tra-Trb)/2-T1

l 39,05 | K

OVERTEMPERATURE OF THE WINDINGS TOWARDS THE AMBIENT TEMPERATURE

DT2 Overtemperature of the windings at switched off K
load(R1/R0)*(235[225]+T0)-235[225]-T1 56,82
Dto Maximum overtemperature of the oil at switched off load 4934 | K
Dicu Overtemperature of the windings towards the ambient temp. K
DT2+(DTm-DTm1)} 57,87
10.1 Temperature rise test:
" Hours CHA1 CH2 CH3 CH 4 CH5 CH6
Ambient Ambient Ambient Max., Upper rad. Lover rad.

(*C) (°C) (°C) (°C) (°C) (°C)
00:00:00 15,20 16,00 16,00 16,30 17,05 14,77
00:30:00 15,20 16,00 16,00 23,30 22,19 15,56
01:00:00 15,20 16,00 16,00 37,68 32,23 20,68
01:30:00 15,20 16,00 16,00 44,50 38,84 23,73
02:00:00 16,00 16,00 16,00 49,13 40,44 26,82
02:30:00 16,50 16,00 16,40 53,31 43,92 28,81
03:00:00 16,50 15,20 16,50 55,87 44,80 29,41
03:30:00 17,00 19,80 17,00 59,08 47,25 3,72
04:00:00 17,20 17,00 17,20 60,83 49,59 33,51
04:30:00 17,80 17,20 17,20 62,47 50,23 33,91
05:00:00 18,00 17,20 17,40 63,43 51,34 34,58
05:30:00 18,20 17,40 17,40 64,72 52,18 3541
06:00:00 18,20 17,50 17,40 65,05 53,38 36,21
08:30:00 18,70 18,00 17,50 66,83 53,81 38,40
07:00:00 16,00 18,00 17,80 67,28 54,78 35,58
07:30:00 19,40 18,50 18,20 67.80 56,35 37,57
08:00:00 19,63 18,59 18,44 68,38 56,32 37,64
08:30:00 19,59 18,62 18,51 68,40 56,35 37,68
09:00:00 20,00 19,00 18,55 68,25 55,96 37,83
09:30:00 19,85 18,97 18,63 68,35 56,29 37,87
10:00:00 19,70 18,80 18,70 68,41 56,38 37,91

Measurements were performed with expanded uncertainty 6% for temperature and the confidence level P = 9@§

¥
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Temperature oil
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10.2 Measurement of winding resistance after shutdown:

g

_ . N

]

P ¥

[

N

phase V- W
Minutes Q AT
0:01:00 10,526 55,02
0:02:00 10,477 53,63
0:03:00 10,438 52,52
0:04:00 10,404 51,55
0:05:00 10,377 50,79
0:06:00 10,354 50,13
0:07:00 _ A0 49,45
%
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mo-4rzZBOTOZ>I 4
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0:08:00 10,308 48,85
0.09:00 10,284 48,14
0:10:00 10,273 47,83
0:11:00 10,252 47,23
0:12:00 10,24 48,89
0:13:00 10,223 46,41
0:14:00 10,21 46,04
(:15:00 10,193 L4556
0:16:00 10,182 45,24
0:17:00 10,163 44,70
0:18:00 | 10,157 44,53
- 0:19:00 10,143 44,13
0:20:00 10,135 43,91

Measurements were performed with expanded uncertainty 0,5% for resistance and the confidence level P = 95%.
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Overtemperature HY winding

60,00

y = 1E+13x8 - BE+11x5 + 1E+10x° - 1E408x3 + 603793x2 - 2069x + 56,823

68,00

56,00

54,00 -

Overtemperature (K)
o
o
8

E

46,00

44,00 1~

42,00 -

B

0:20:10

40,00 G S P 0 e ol
0:00:0 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24

0:17:47 0:23:02

Minutes

143



- TESTED BY :

TEST LABORATORY "LTC - TEST"

TO "LTC" Ltd. FC5.10-1/8

Page 9 | All pages9

TEMPERATURE RISE TEST

Revision 0

11. Instruments used for the tests: -

- Microohmmeter-MRC6105N-serial nr.0928-5306;

- Wattmeter " Yokogava"-WT1600 serial nr.91J702269;

- Cast resin VT CL.3.6kV(1500-3000/100V)-VKM24/2/H-serial nr.:
345080101;345080102;345080103;

- Cast resin CT(25-300/5A)-A0S-serial nr.: 09195334;09195335;09195336;

- Resistance thermometer Pt 100, type 448/2012 - serial nr. 1,2,3,4,5,6,7;

- Mechanical chronometer type Slava serial nr, 0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from LTC-TEST.

2. Vasil Vasilev...

&

Eng. Katerina Raicheva

— (signature and stamp} %

({4



TEST LABORATORY "LTC - TEST"

TO "LTC" Lid. FC5.10-1/9

Page 1 | All pages6

LIGHTING IMPULSE TEST

Revision 0
TEST REPORT
Ne 0006-3/25.03.2016
AN
CUSTOMER: LEM! TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street %\
SUBJECT: Three phase oil-immersed shunt reactor, hermetically sealed
600kVAr- 20
REF. CUSTOMER N? . 6 Dated: 26-Feb-16
REF. CONSTRUCTOR
TEST ROOM : © "LTC - TEST" Pernik
OBJECT OF THE TEST: Test s carried out to determine the conformity of the product to the
customer order.
DATE OF ISSUE 25-Mar-16
RECEIVER COPY LEMI TRAFO JSC, 2304 Pernik, BULGARIA

THE TESTER | LIC FOR CUSTOMER
i et
eg BULGARIA ]

P il
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Serial Ne 249422
Power 600 kVAr Frequency 50 Hz Year of production 2016
Cooling ONAN Overtemperature | 60K-65K Vector group Y
Insufation class | 125/50/24 Type PMB00/20 Standard IEC60076-3
Volfage (V) 20000
Tapping's (kVAr) 600/540/480
Current (A) 17.32/15.59/13.86
Connection Star
Insutation class (kV) 24
IMPULSE TENSION: 125kV POLARITY: NEGATIVE
Testing scheme NORMAL WAVE 1,2 £30% / 50 +20%
Rsi Rea
— 0O O—7LT_+ T
1 T o
——cs Ryl Rpe RT1 SUBJECT
’ CT2 TEST
=1 RT2

"

OSCRLOSCOFE

Impulse generator "AME"
Total max load of tension 400kV - Energy at max load of tension- 20 kJ
Numnber of arms : Four arms in serial

CALIBRATION CONSTANT FOR IMPULSE TEST:

K=6794.8

Result from the test:

POSITIVE

Date:

25.03.2016

Customer

BULGARIA
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OIL - IMMERSED SHUNT REAKTOR

600kVAr - 20kV
1.REQUIREMENTS OF THE TEST:
The impulse must have the following characteristics:
- Nominal Impuise Voltage: 125 kv
- Nominal time of front duration: 1.2 us(x30%)
- Nominal time duration of the half of fail: 50 ps(x20%)
- Max over-shoot on the peak of the waveform. 10 %

The test will be performed according to IEC standards N¢ IEC-EN-60076-4

2. ENVIRONMENTAL CONDITION DURING THE TEST

Air temperature; 15.0°C
Pressure! 954mb
Relative humidity % 48%
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase A

Osciollogram Ne1

VOLTAGE
Te Kstop’ i [—‘-.. _ ]
Al f: i : : R1=
et L) :
T : R2=
R Jyesipomnsy .
o : R3=
R dafichl 1 B R4=
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AR :
...... 1‘ "
3 i .
P A A
: { :
: i T IT A EhE oA
_ 25 Mar 2016
[Frefel| { S5.00v_____ 10.01s |¥k{10.00 % | 11:32:39
Waveform Characteristics
Front time: 122 ps
Tail time: 47.12 ps
Current
TelcStop_| =T — 3 . Ri=
Y e ; R
SRREERIEEPEIREE ERRS SRR ILECREN SRR RRRE AR R3=
" .......... .................... R4=
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100%VN (125kV)
100%VN (125KkV)
100%VN (125kV)
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase B
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase C Osciollogram Ne3

VOLTAGE

TR T A R1= 50%VN (62,5kV)
Rip _ ..... _ R2=  $00%VN (125KV)
Rt oot L et R3=  100%VN (125kV)

: I R4=  100%VN (125KV)

;?.f{ ;‘ﬂﬂhll!z

Waveform Characteristics
Front time: 1.16 ps
Tail time: 4708 us

Current .
Tek Stop | F—r - ]

S i L aaaasassas . T R1= 50%VN (62,5kV)
R2= 100%VN (125kV)
: : : : : i : : : : ] R3=100%VN (125kV)
R EE ERLRS SRR R SRR EEERE LR ERLRERLRL Rd=  100%VN (125kV)
L

£ SN VUVOE IR SUOSS SR SR APUT A S

;Tavw«wiyﬂm}ﬂ i uj, in
= ~1'1f~v~f : :

!!! ’ ; - M[{bﬁ_c‘nps] @lé'\. W

RG] L 200 ¥V 10.0j45 | f{T0.G0 % |

424



TEST LABORATORY "LTC - TEST"
TO "LTC" Ltd, FC 5.10-1/10

Page1 | All pages6

SOUND LEVEL MEASURMENT

Revision 0

TEST REPORT
Ne 0006-4/25.03.2016

1. Three phase oil-immersed Shunt reactor, hermetically sealed,
PM 600/20, Y, No249422, 2016

2. Customer : LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
order 0006/26.02.2016

3. Manufacturer: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

4. Test methods used : IEC 60076-10:2003;

5, Date on which the product was received in test room: 22.03.2016 %

6. Tests performed:
6.1 Determination of sound levels - (IEC60076-10 ¢l.11.2)

7. Test date : 25.03.2016
8. Test result: The product passed the tests
9. The report contains: 6 pages

10. Site: Test Room "LTC-TEST", Pernik

Ty Cf—
K )
b e N L1E,
Head of “LTC-TEST .54 i
ELATAmm § G n s I
{ AT

R a4z

//‘ ) (signature and stamp)
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11. Test result:
Details of reactor
Serial Ne :249422 KVAr: 600 Voltage: 20000 kV
Details of measuring instrument
Brand: Briiel & Kjeer Type: 2238 Mediator Serial No : 2684705
Microphone type . 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
A weighted sound pressure level L_p-A—:
M Oil-immersed reactor - hermetically sealed
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 53,2 | 27,2 | 53,2 9 54,4 26,4 54,4
2 53,8 | 27,0 | 53,8 10 54,1 26,7 54,1
3 54,1 1 27,4 | 54,1 11 ‘
4 53,6 | 26,8 | 53,6 12
5 53,3 | 27,0 | 53,3 13 Legend
6 54,0 | 27,1 | 54,0 14 1 = Transformer noise
7 53,7 | 26,5 | 53,7 15 2 = Background noise
8 53,9 | 26,9 | 53,9 16 3 eanstommer
Arithmetic/energy average : | 53,81 dB | on 10 measure points

LpA 52,71 dB
LwA 62,22 dB

Environmental correction K 1,1145861
Principal prescribed countur 8,9355 m?
Total area of the surface test room 122,16 m?

7 A77.
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Details of reactor
Serial Ne ;249422 kVAr: 540 Voltage: 20000 kv
Details of measuring instrument
Brand: Briiel & Kjaer Type: 2238 Mediator Serial Ne : 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 52,5 | 26,9 | 52,5 .9 52,8 27,1 52,8
2 51,9 | 27,1 | 51,9 10 52,5 27,3 52,5
3 52,3 | 27,3 | 52,3 11
4 52,8 | 26,8 | 52,8 12
5 52,2 | 26,6 | 52,2 13 Legend
6 52,7 | 26,9 | 52,7 14 1 = Transformer noise
7 52,1 | 26,3 | 52,1 15 2 = Background nofse
8 52,6 | 26,7 | 52,6 16 go;rgzzin;;?sr;ner
Arithmetic/energy average : | 52,44 dB | on 10 measure points

LpA 51,34 dB
LwA | 60,85 dB

Environmental correction K 1,1145861

Principal prescribed countur 8,9355 m?

Total area of the surface test room 122,16 m?
e
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Details of reactor
Serial Ne 1249422 kVAr: 480 Voltage: 20000 kV
Details of measuring instrument
Brand: Briiel & Kjeer Type: 2238 Mediator Serial Ne : 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
Measuring| dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 51,2 | 27,4 | 51,2 9 50,2 26,8 50,2
2 51,5 | 27,6 | 51,5 10 50,7 26,6 50,7
3 51,7 | 27,7 | 51,7 11
4 51,3 | 27,3 | 51,3 12
5 50,9 | 27,5 | 50,9 13 Legend
6 5,2 | 27,8 | 51,2 14 1= ;I'}ansfonnér. nolse -
7 50,7 | 27,6 | 50,7 15 2 = Background noise
8 50,4 | 27,1 | 50,4 16 oot
Arithmetic/energy average : | 50,98 dB | on 10 measure points

LpA 49,89 dB
LwA 59,40 dB

‘ Environmental correction K 1,1145861
Principal prescribed countur 8,9355 m?
Total area of the surface test room 122,16 m?
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12, Testing scheme:

Distance X =0.3m. Distance D = 0.64m. Microphone height from floor: 0,55m

13. Instruments used for the tests:
- Calibrator Sound Level Meter, serial nr.2651663
- Sound Level Meter, serial nr. 2684705
- Measuring Roulette, steel, serial nr. 51217

Notes: 1. The results from the tests are referred for the tested product only.

2. Reproduction or copying of the contents of this report in any other form unless
its complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

Head of “LTC-TES T+
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TEST REPORT
Ne 0004-1/07.03.2016

1. Three phase oil-immersed shunt reactor, hermetically sealed,
PM 800 - 20, Y, No249326, 2016

2. Customer : LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
order 0002/12.02.2016

3. Manufacturer: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

4. Test methods used : IEC 60076-1:2011;
IEC 60076-3:2000;

5. Date on which the product was received in test room: 04.03.2016

6. Tests performed:
6.1. Measurement of winding resistance (IEC 60076-1:2011-c1.11.2);
6.2. Measurement of reactance (IEC 60076-6:2007-¢1.7.8.5.2);
6.3. Measurement of loss at ambient temperature (IEC 60076-1:2011-cl.11.5);
6.4. Dielectric routine tests (IEC 60076-3:2013)
6.4.1. Separate source AC withstand voltage test (IEC 60076-3:2013-cl.10);
6.4.2. Induced AC withstand voltage test (IEC 60076-3:2013-cl.11.2);

7. Test date: 07.03.2016
8. Test result: The product passed the tests

9. The report contains: 5 pages

Head of“LTc-TJ_ﬂ{sn?am....;;;-;; el st eaa J
e Bng. KattringRajcheva
(signature afd stamp)
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10. Test result:
10.1. Measurement of winding resistance:
Power Ruv, Ruw, Ryv.w, Temperafure during test
Q Q Q 20°C
S00kVAr 5.004 5.011 5.002
720KkVAr 5.208 5217 5.206
640kVAr 5.524 5.526 5.515
Measurements were performed with expanded uncertainty 0,5% and the confidence level P = 95%.
10.2. Measurement of reactance:
Power U1 U2 U3 11 2 13 X1/ph | X2/ph | X3/ph
[V] [V] [V] [A] [A] [A] [€] [ [
SO00KVAr 756.41 756.52 756.25 | 0.8147 0.8144 0.8141 536 536 536
T20KVAr 752,22 | 752.48 752,55 | 0.7646 0.7639 0.7646 568 569 768
640k VAr 735.63 | 735.77 735.84 0.672 0.6734 0.6711 632 631 633

Measurements were performed with expanded uncertainty: 2% for voltage2,5% for current, 3% for power and ihe
confidence level P = 95%.
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10.3. Measurement load losses at temperature 20 °C:

TEST LABORATORY "LTC - TEST" ,
TO "LTC" Ltd. FC5.10-1/7
Page3 | All pages5
ROUTINE TEST REPORT —
Revision 0
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Power U1 02 U3 11 13 P1 P1 P1
[Vl [V] [V] [A] [A] [W] [W] W]
‘800KVAr 2495 2499 2496 2.8669 § 2.8675 | 2.8672 22.3 22.6 22.1
T20kVAr 2487 2490 2488 2.5994 | 2.6012 | 2.6014 21.6 21.6 21.8
640kVAr 2500 2503 2501 2.2808 | 2.2815 | 2.2804 | 20.2 20.6 20.4
Uav. Iav. P Pk
(V] [A] [W] [W]
2496.67 | 2.8672 67 5303
2488.83 2.6007 65 4805
2502 2.2809 61.2 4380

Measurements were performed with expanded uncertainty: 2% for voltage,2,5% for current, 3% for power and the

confidence level P = 95%.

1.9
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10.4 Dielectric routine tests :
10.4.1 Separate source AC withstand voltage test:

7

Winding Earthing Test voltage, Frequency, Test time,
1kV] [Hz] fs]
High voltage tank 50 50 60

Measurements were performed with expanded uncertainty: 3,6% for voltage and the confidence level P = 95%.

10.4.2 Induced AC withstand voltage test:

Test voltage Frequency, Test time,
2xUn, {V] [Hz] [s]
40000 150 40

Measurements were performed with expanded uncertainty: 2% for voltage, 0,0016% for frequency and the confidence level

P = 095%.

/
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11. Instruments used for the tests:

- Turn ratio meter PWR 3-A serial nr.0928-5305,

- Microohmmeter-MRC6105N-serial nr,0928-5306;

- Wattmeter " Yokogava"-WT1600 serial nr.91J702269;

- Cast resin VT CL3.6kV(1500-3000/100V)-VKM24/2/H-serial nt.:

- 345080101; 345080102; 345080103,
- Cast resin CT(25-300/5A)-A0S-serial nr.: 09195334; 09195335; 09195336,
- Capacitor divider(100V/100kV)- serial nr.1954

- Digital thermometer type HI 8757 serial nr.1203939

- Mechanical chronometer type Slava serial nr.0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from LTC-TEST.

TESTED BY :

2. Vasil Vasilev:......... e L6,
l (signature)

(g

! oo
Head of "LTC-’FES"F"f‘?""‘.'::;. '

LuAfalbes

Eng. Katerina Raicheva
(signature and stamp) \

11



TEST LABORATORY "LTC - TEST"
TO "LTC" Litd, FC5.10-1/8
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TEST REPORT

Ne0004-2/08.03.2016

1. Three phase oil-immersed shunt reactor, hermetically sealed,
PM 800-20, Y, Ne249326, 2016

9. Customer : LEMI TRAFO ISC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
order 0002/12.02.2016

3, Manufacturer;: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street
4, Test methods used : IEC 60076-2-c1.7.3.2;
5. Date on which the product was received in test room: 04.03.2016
6. Tests performed:
6.1. Temperature rise test — IEC 60076-2
7. Test date: 08.03.2016
8. Test result: The product passed the tests

9. The report contains: 9 pages...............

Eng. Katerina Raicheva
(signature and stamp)

1vL
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10. Test results:
Power 800 kVAr Frequency 50 Hz Year of production 2016
Cooling ONAN Overferperalure 60K-65K Vector group Y
Insufation class | 12550124 Type PM200-20 Coeff. Temperat.Material| 235
Voitage (V) 20000
Tapping's(kVAr) 800/720/640
Current (A) - 23.09/208/185
Connection Star
Insulation class (kV) 24

Ratio 20000V Temperature reference (°C) 75 -

‘o Load

.| losses

Guaranteed value 5000

Tolerance (%) +5%

Measured value 5247

Deviation (%) +4.94%

MEASUREMENT OF WINDINGS RESISTANCES BEFORE HEATING

Measure temperature ;. 14°C

Winding 20000V
K o]
Phases
TV-1W 4,8843
L FINAL RESULTS B
WINDINGS
RESULTS AT THERMIC REGIME HV
™ Ambient temperature 20,27 | °C
To Maximum temperature of the oil 73,91 | °C
Tra Temperature in the upper part of the radiators 65,16 | °C
Trb Temperature in the lower part of the radiators 38,50 | °C
DTm  Average over temperature of the oil To-(Tra-Trb)/2-T1 4031 ] K
RESULTS AT SWITCHED OFF LOAD
T1 Ambisnt temperature 2017 | °C
Ro Resistance of the windings at the moment of switched off load 68,1954 | Q
T Maximum temperature.of-the ol 72,66 | °C
Tra Temperature in the dﬁper parg of the radiators 684,22 | °C
Trb 39,16 | K

Temperaturs in the low: Pari of the radiators

s

455



TEST LABORATORY "LTC - TEST"

TO "LTC" Ltd. FC5.10-178

Page3 | All pages9
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Revision 0
DTm  Average over temperature of the oil To-(Tra-Trb)/2-T1 30,96 | K
OVERTEMPERATURE OF THE WINDINGS TOWARDS THE AMBIENT TEMPERATURE
D12 Overtemperature of the windings at switched off K
load(R1/R0)*{235[225]+T0)-235[225)-T1 60.67
Dto Maximum overtemperature of the oil at switched off load . B384 | K
Dicu Overtemperature of the windings towards the ambient temp. K
DT2+(DTm-DTm1) 61,02
10.1 Temperature rise test:
Hours CH1 CH2 CH3 CH4 CHS CHE6
Ambient Ambient Ambient Max. Upper rad. Lover rad.
(°C) (°C) (°C) (°C) (°C) (°C)
00:00:00 14,00 13,80 14,50 18,00 17,20 16,65
00;30:00 14,00 13,80 14,50 34,58 27,82 17,55
01:00:00 14,50 14,20 14,80 44,49 34,80 21,20
£1:30:00 15,00 15,00 15,50 51,09 40,25 25,41
02:00:00 15,80 15,50 16,00 56,10 43,93 28,16
02:30:00 16,20 16,20 18,70 59,84 46,68 29,83
03:00:00 17,00 17,00 17,50 63,07 49,39 32,13
03:30:00 17,80 17,50 18,00 65,39 51,31 33,37
04:00:00 18,00 18,00 18,50 67,21 52,54 34,23
04:30:00 18,50 18,50 19,00 69,11 53,75 35,02
05:00:00 19,00 19,20 19,50 70,61 55,10 36,60
05:30:00 19,00 19,80 19,80 74,35 55,47 37,57
06:00:00 19,40 20,00 20,00 72,58 56,43 37,05
06:30:00 19,40 20,20 19,80 73,48 58,15 38,50
07:00:00 19,55 20,20 20,00 73,75 61,46 38,52
07:30:00 19,63 20,32 20,00 73,77 63,11 38,47
08:00:00 19,87 20,44 20,05 7381 64,24 38,50
08:30:00 19,91 20,57 20,06 73,86 64,89 38,33
09:00:00 20,00 20,80 . 20,00 73,91 65,16 38,50

Measurements were performed with expanded uncertainty 6% for temperature and the confidence level P = 95%.
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10.2 Measurement of winding resistance after shutdown:

phase V-W %
Minutes 0 AT
0:01:00 6,164 59,07
0:02:00 6,135 57,59
0:03:00 6,116 56,62
0:04:00. 6,0923 55,42
0:05:00 6,0778 54,68
0:086:00 6,061 53,82
P
0:07:00 /6084 [ | L 5295
/ 7/ Y
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0:08:00 6,0319 52,34
0:02:00 6,015 51,47
0:10:00 6,0077 51,10
0:11:00 5,9933 50,37
0:12:00 5,9836 49,87
0:13:00 5,0715 49,26
0:14:00 5,9617 i 48,76
0:15:00 5,9532 48,32
0:16:00 5,9431 47,81
0:17.00 5,9352 47,41
0:18:00 59281 47,04
0:19:00 5,9208 48,67
0:20:00 59137 46,31

Measurements were performed with expanded uncertainty 0,5% for resistance and the confidence level P = 25%.
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Overtemperature winding
y = 4E+1248 - 2E+14x5 + 4E+09x? - SE+07x? + 36672042 - 2573 4x + 60,667

i TN 1

61,00 +—

59,00

57,00

Overtemperature {K)
on
©
=2

=
B

49,00

47,00

0:00:00 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 01717 (:20:10 0:23:02

Minutes

1%
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11. Instruments used for the tests:

- Microohmmeter-MRC6105N-serial nr.0928-5306;

- Wattmeter " Yokogava"-WT1600 serial nr.91J702269;

- Cast resin VT C1.3.6kV(1500-3000/100V)-VKM24/2/H-serial nr.:
345080101;345080102;345080103;

- Cast resin CT(25-300/5A)-A0S-serial nr.: 09195334;09195335;09195336;

. Resistance thermometer Pt 100, type 448/2012 - serial nr. 1,2,3,4,5,6,7;

- Mechanical chronometer type Slava serial nr. 0521682

Notes: 1. The results from the tests are referred for the tested product only.
2. Reproduction or copying of the contents of this report in any other form unless its
complete photocopying is not allowed without written consent from L.TC-TEST.

TESTED BY :

1. Oleg Tsvetanovi.....l /A7) foin
(signature)

2. Vasil Vasilev:. P g&\% ..................

il - ]
b =iy 7 N
Head of “LTC-TEST*#L N VIART.. .0 ”g

o A L | Tt

Eng. Katerina Raicheva
(signature and stamp)

Vi 440
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TEST REPORT

Ne 0004-3/09.03.2016

CUSTOMER: LEMI TRAFO ISC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

SUBJECT: Three phase oil-immersed shunt reactor, hermetically sealed

REF. CUSTOMER N?

REF. CONSTRUCTOR

800KVAr - 20kV

2 Dated: 12-Feb-16

TEST ROOM :

OBJECT OF THE TEST :

"LTC - TEST" Pernik

Test is carried out to determine the conformity of the product to the
customer order.

DATE OF ISSUE

RECEIVER COPY

09-Mar-16

LEMI TRAFO JSC, 2304 Pernik, BULGARIA

THE TESTER

FOR CUSTOMER

141
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Serial Ne 249326
Power 800 kVAr Frequency 50 Hz Year of production 2016
Cooling ONAN Overtemperaiure | 60K-65K Vector group Y
Insulation class | 125150124 Type PM800-20 Standard IEC60078-3
Voltage (V) 20000
Tapping's (kVAr) 800/ 720/ 640
Current {A) 23.09/20.8/18.5
Connection Star
Insulation class (kV) 24

IMPULSE TENSION: 125kV

Testing scheme

POLARITY: NEGATIVE
NORMAL WAVE 1,2 +30% / 50 320%

O O—— 3

Rpe

i
—|_ CT1

RTt

CT2

SUBJECT
OF
TEST

RT2

=

o

OSCILLOSCOPE

Impulse generator "TAME"

Total max load of tension 400kV - Energy at max load of tension- 20 kJ

Number of arms : Four arms in serial

CALIBRATION CONSTANT FOR IMPULSE TEST:

K=6794.8
Result from the test: . _ L POSITIVE
T LT¢
Date:  09.03.2016 . LTC-TES LTL. Customer
R i e ’ s e )
EhATARNG i REs AT |

4L
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OIL - IMMERSED SHUNT REAKTOR

800kVAr - 20kV
1.REQUIREMENTS OF THE TEST:
The impulse must have the following characteristics:
- Nominal Impuise Voltage: 125 kV
- Nominal time of front duration: 1.2 us(k30%)
- Nominal time duration of the half of tail: ' 50 ps(+20%)
- Max over-shoot on the peak of the waveform: 10 %

The test will be performed according fo IEC standards Ne I[EC-EN-60076-4

2. ENVIRONMENTAL CONDITION DURING THE TEST

Air temperature: 15.0°C
Pressure: 957mb
Relative humidity % 45%

1R
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase A
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Waveform Characteristics

Front time:
Tail time:
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase B
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Waveform Characteristics

Front time:
Tail time:
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OSCILLOGRAM REGISTRATION

Negative impulse on Phase C
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Waveform Characteristics
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TEST REPORT
Ne 0004-4/09.03.2016

1. Three phase oil-immersed Shunt reactor, hermetically sealed,
PM 800/20, Y, Ne249326, 2016

9. Customer : LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Strect
order 0002/12.02.2016

3. Manufacturer: LEMI TRAFO JSC, 2304 Pernik, BULGARIA ,1 Vladaisko vastanie Street

4. Test methods used : IEC 60076-10:2003;

5. Date on which the product was received in test room: 04.03.2016

6. Tests performed:
6.1 Determination of sound levels - (IEC60076-10 cl.11.2)

7. Test date : 09.03.2016
8. Test result: The product passed the tests
9. The report contains: 5 pages

10, Site: Test Room "LTC-TEST", Pernik

g‘ T

EGOfi

Head of“LTC-?Egggé;,;N ,

Eng. Katerina Raicheva
(signature and stamp)

;» 1 &1
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11, Test result:
Details of reactor
Serial Ne 1249326 kvAr: 800 Voltage: 20000 kY
Details of measuring instrument
Brand: Briiel & Kjaer Type: 2238 Mediator Serial Ne: 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
A weighted sound pressure level I:El\—:
¥ Oil-immersed reactor - hermetically sealed
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
K 55,5 | 28,4 | 55,5 9 56,4 28,3 56,4
2 56,3 | 28,7 | 56,3 10 55,9 28,4 55,9
3 56,3 | 28,5 | 56,3 11
4 56,8 | 28,5 | 56,8 12
5 55,5 | 28,6 § 55,5 13 Legend
6 56,4 | 28,8 | 56,4 14 1 = Transformer noise
7 55,1 | 28,7 | 55,1 15 2 = Background noise
8 55,7 | 28,5 | 55,7 16 et motse |
Arithmetic/energy average : | 55,99 dB | on 10 measure points

LpA 54,79 dB
IwA | 64,78 dB

Environmental correction K 1,2261816
Principal prescribed countur ‘ 9,963 m?
Total area of the surface test rcom 122,16 m?




TEST LABORATORY "LTC - TEST" FC 5.10 - 1/10

TO "LTC" Litd.
Page 3 | All pages S
SOUND LEVE]L MEASURMENT —
Revision 0
Details of reactor
Serial Ne :249326 kVAr: 720 Voltage: 20000 kV
Details of measuring instrument
Brand: Briiel & Kjaer Type: 2238 Mediator Serial Ne : 2684705
Microphone type ;. 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 position 1 2 3
1 54,1 | 28,3 | 54,1 9 53,6 27,6 53,6
2 53,8 | 27,9 | 53,8 10 54,4 27,9 54,4
3 53,5 | 28,1 | 53,5 11
4 53,9 | 27,6 | 53,9 | - 12
5 54,5 | 27,4 | 54,5 13 Legend
6 53,2 | 28,2 | 53,2 14 1 = Transformer noise
7 54,2 | 28,1 | 54,2 15 2 = Background noise
8 53,4 | 27,8 | 53,4 | 16 poiedli
Arithmetic/energy average : | 53,86 dB | on 10 measure points

LpA 52,65 dB
LwA | 62,64 dB

Environmental correction K 1,2261816

Principal prescribed countur 9,963 m?
Total area of the surface test room 122,16 m?
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TEST LABORATORY "LTC - TEST"
TO LT Lid, FC5.10-1/10

Page4 | All pages s

SOUND LEVEL MEASURMENT

S e T

Revision 0
Details of reactor
Serial Ne :249326 kVAr: 640 Voltage: 20000 kV
Details of measuring instrument
Brand: Briiel & Kjeer Type: 2238 Mediator Serial Ne : 2684705
Microphone type : 4188 Microphone serial Ne : 2690664
Test conditions
Feeding voltage: 20000V Frequency: 50 Hz
Measuring | dB | dB | dB | Measuring dB dB dB
position 1 2 3 | position 1 2 3
1 5,8 | 27,9 | 51,8 9 5,7 28,3 ",7
2 52,4 | 28,0 | 52,4 10 51,5 28,1 51,5
3 51,6 | 28,3 | 51,6 11
4 51,4 | 28,5 | 51,4 12
5 51,9 | 28,7 | 51,9 13 Legend
6 52,2 | 27,8 | 52,2 14 1 '? Transformer nofse
7 51,6 | 28,2 | 51,6 15 2 = Background noise
8 52,4 | 27,6 | 52,4 | 16 polebi
Arithmetic/energy average : | 51,85 dB | on 10 measure points

LpA 50,64 dB
LwA 60,62 db

Environmental correction K 1,2261816

Principal prescribed countur 9,963 m?

Total area of the surface test room 122,46 m?
/
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TEST LABORATORY "LTC - TEST"
TO LIC TALL | FC5.10—1/10

Page 5 | All pages 5

B BB SOUND LEVEL MEASURMENT -
e Revision 0

.12, Testing scheme:

MWJ&MMMMbD“ﬂ Q’!Q

“P
=D

Distance X = 0.3m. Distance D = 0.65m. Microphone height from flooxr: 0,62m

13. Instruments used for the tests:
- Calibrator Sound Level Meter, serial nr.2651663
- Sound Level Meter, serial nr. 2684705
- Measuring Roulette, steel, serial nr. 51217

Notes: 1. The results from the tests are referred for the tested product only.

2. Reproduction or copying of the contents of this report in any other form unless
its complete photocopying is not allowed without written consent from LTC-TEST,

TESTED BY :

1. Oleg Tsvetanov:. ‘

2. Vasil Vasilev:.

EB0S

Head of “LTC- T]EST” 28

BhAr AP

Eng. Katerina Raiche
(signature andst
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Aemiu Tpado

Tpascpoprsamopu

OEKNAPALINA

Mo Touka 7. OT TEXHMMEcKaTa cneldurkayus.

HNonynopnucanuat Esrenu Teoprues CnaseruH, B Ka4ecTBOTO MU Ha npeAcTasnssall «lemu- Tpado» EAQ,
yUYaCTHVK 8 npoleaypa 3a ab3naraie Ha obllecTseHa NopbYka ¢ npeaMer: JJdocTaBka Ha TpudasH pPeakTopu 3a
enexTpopaznpegenuTenta mpexa CpH', ped. Ne PPD 16-123

AOEKNAPUPAN, HE:

TpaHcopmaTopHoTo Macno  Prista Trafo- A, KOETC I1Ue MW3NON3BaMe e HanbfHo CLBMEeCTUMO C  APYTy
TpaHchopMaTOpHU MACHa, YROBNETBOPSBALLM U3UCKBAHUSTA Ha 4HW W CbLUM MEXAYHAPOAHU cTaHgapTy ot Apyru
npouasoamuTent. TpaHcdopMaTopHOTO MACHO He ChabpXxa ( oTCBLCTBUE) Ha nonuxsopripany Gudennnu (PCB).

Nlata 09.03.2017r. NleknapaTop: Lol F :
patop: il ATE _
{edae Tiopnuc vinevayl; 1
Edoeni, Cadigeninn/ 3. |
st preien papekiop’ss
AT Ly 4
TR

i

a

127
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rp. MepHuK, ya. ,BACAQHCKO BLCTOHME |~Tea.: 076 670 620, 076 670 696 | Pake: 076 470 871 | GSM_,I,LEHTPGJ\U:"/ 87,76_55
E-mail: info@lemi-trafo.com | Website: httpi/fwww lemi-frafo.com. T
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TOMERT: covveiiieirenanns wiren
JIOTOBOD: +vvvsvnvvivenenineainne

MHCTPYKIIHS 3A MOHTAXK U EKCIIJTIOATATLIMSL
3a3eMUTE/IHH M CIIEUATHU TPaHCHOPMATOPH, PEAKTOPH

- Macaeno gamrsJHeny XepMETHIHE 3a3eMATe/IHu TparchopmaTopu ¢
HAMOTIH 32 CODCTBEHH HYIRAN

- 3aszemureann Tpancdopmaropu ¢ srpagena llerepconona Gobuna

- HIyutoByn Macaend PEAKTOPH

CohappKaHie:

Venonus Ha paGoTa B HOCTABKA

[Ipriematic Ha TPaHCPOPMATOPA HA MHACTO

TIpoBepKka mpH pHeNane

Wnerpykipia 3a NPeAnasiaHe  ChXPaHeHic Ha MICTO

[losiroTonxa H MycKaHe B eKCIUIOATalMS

KofTpon 1 mOAAPHIKKa

J3paskaaHe HA AKTHBHATA YACT Ha 3a3eMUTENHIT TPAHCOPMATOD OT Kazaka
Cue-mpoyaxGent yeiyri

Tpmnoxenns

Rl B ol ol

IMepunk, Bnarapus
Pen.4, Mapr 2017
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i

1:  Yeéunonust 1 pnéoTa i focrasica

Tpancdopmgropnre ¢ rrpagena  Tlerepeoniona
Gobuna  (TrPc) min  mynrosire peaxropit  c¢d
npepna3HaMern  8A  BbHWHA - excrjiodTaupa €
TEMIEPATY]N HA okontiaTa cpena or -40 ° C po +40 °
C, 1 HajMopekaTa pricouiing Ao 1 000 a. Te ce
JOCTARAT HANLIIIO SANLPLICHI, HANBJIHEIH ¢ MACIO |
ce u3nIiTsa B choTnereTaie ¢be etanpapt IEC 60076
1/ nan HEHCKBAHIATA HA KNNENTa,

2. Hpuemane 1na
DCAKTOPA HA MICTC

Tpanédopmaropa,

TpaHchopmaTopuTe, peakropure ¢a onaKobaHy b
eBponaNeTy v NPepoasany ¢ kamuon. OBwata maca
eB ChLOTBETHHA ¢ NPHAOHEHUAT YepTel.

3. lponepra npi npHeMate
a l"Iponeplm nann paHHyTe  Or raGenara
CLOTBETCTBAT HA DOPLUKATA.

s Bysyania HHeneKus a TpaHedopyMaTopa WM
peaktopa. AKO YOTAHOBIITE, Y BMA HOBPENs BLPXY
Tpancdopmaropa/peaktopa  cnes TPAHCHOPTHpAHE,
MOJIA YRS/IOMETE MPERO3LAUA 30 TOUN,

4. Viderpyrius 31
CLXPAHCHIIE i MICTO

Npeanaipaie H

Cnep, KATO ca AOCTaBeHu Ha MACTO, B cayail de
Tpascgopmaropa He Ce ROCTany Ha MACTOTO 3a
MOHTaXK, MOMe Aa ¢€ CLXpaHaBa B8  OTHPUTO
npotTpaHcYso B ckiaga. KoposusHara satliMra Ha
TpaHchopmaTopa e TaKasa, ue ToH mone pa ce
CLXPaAHABA HA OTHPHTO.

5, IoaroTonia 1 HIyCRane B QREMMOATATIHS

Hponepere gann JIEN | nospens o
'rpnuccl)op.\ja'l_fopafp,enmopa HAN Teu R MACHO,
apeMaxiate noBpeuiTe, Ako HMA 3THUAHE HA
MACHD npes YAABTHERINTA, 3ATCIHETE BIHTOBETE,
Mposepere CLNPOTHBIEGHIETO HA nzonawuaTa
KAUCCTROTO Hi MACHOTO, axo
TpaticopMaiopa/peaxtopa ce ChXPAHABA ALATC
BpeMe.. H]_)i;HL(linHo H30AMUIOHBATA CLNIPOTHRA HA
Han Tpancdapsatop/peatiop, Tpabna Aa Grae mo-
gricokn oT 2000 MO’s nsepenin ¢ MeraoMMETBP -
Megger

[IpoBepere B3BOMNTE,

[Tponepere nospiliTe Ha KOMYT z{m;

6, Iourpos i nogApLAKA

0 [TepiogiyHn NPOBEPKH
v Axo Hana npoBaeni no ppeme Ha paborara Ha

rpancopmaTopa/peakropa, MPEROPBUIITENHO @
TpamcopMaTopa Aa ce oTpaps Ha Beeww 7%%
roauun (uua neTi), N oenen Tona Ha BeekH 5%%
roauit. [Ipopepxata TpaGne Jin ¢€ HIBHpUIBA B
CHCIGIISHPAHN  Lexone,  wpes
HIDMALMATR, 3AMANA HR MACHOTO, NPHTAPAHE HA
HAMOTKITE

#%; Korato enennania TpaucdopMaTop/peakTop
sonrupan / paGorin  IC 1 Toif e sawuren cue
yeTpoHcTBa  NpPOTHB  KbCH  CLeAUHEHWA, TO03H
pancdopmarap TpaGez f@ ce pasmemaa (oT
rilefiHa Touka Ha NOAALPIKATA) KaTo OBURHOBER
HOpManeH Tpalcdopmarop ~ oTeapaHeTo Aa Buae
HANPaBeHo camo HOFAaTO KMa HYMA OT PEMOHT Ha
MaTHWTONPOBOAR Wik HAMOTRUTE,

7.Hposepitn HA ARTHBHATA UACT H3DBI
KA3aa

AKO nopagyv HaKaxea RPUYKiHA e HeoBXoauMo Aa ce
nposepu AAPOTO M HamoTiure, TpaBpa aa ce
W3BLPIIST CACARUTE onepalium:

v TlpemaxHere BINITOBATA DPH3Ka MONUY KasaHa 1l

Kamnaka
Mospyiritere aKTHBUATA MACT KATO 1i3M0A3BATE
NOBANCATEITHITE YL

8.  Cacep-npogandenn yeayru

Mobile: -+359 887 764127
Tel: +35976 67 06 20
e-mail: info@lemi-trafo.com

9, Hpnaoxennus

cyllelle HA




Three—~phase hermelically sedled type
oll-immersed distribution” transformer

100 KVA, 20:2¢2.5%/0.42kY, ZNyn1l+d
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Three~phase hermelically sedled lype
| ofl-immersed distribution” transformer _

| with Petersen coll 0712016
400 kVA, 20:252.5%/0.42kV, ZNynitdd

260

1700

m\_ﬁmmmo 7l 3
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N

LY
a0 —0 D 0
R

e morma| 1

1, 11V, Bushlngs EH50100

2, 1LY, Heuleol bughiag £150100
3, LY. Bushlngs EH50306

4, Heulral 1o corlbing lerntlnel
5, Top chionger +/-~2x2.5%

6. £orhing Lemlnal

7. Oif droly yoleo

8. Lifling lugs

0. Filling openlng

10, Dlagrom plale

1, Hame plale

12, Theimometer vilh 2 ¢l, conl.
i3. Top chonger for Polérsen col
14, Oil lovel Indicoler

15; Pressure rellef davies
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Three—phase hermetically sealed type

ofl-immersed distribution” lransformer , g
_ with Petersen coll _ 071--2016 ‘ ,
| 400 KVA, 10::262.5%/0.42KV, ZNynt1+d W

260 260
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i, LY. Bushings EHG0160

%, NV Heoteel bushing EHG0100
3, LV, Bushings ENS03B6

4. Heulro) to eorfhing terminal
5. Top chonger +/-2x2.54

6. Foithlng lerminal

7. 03 drola volv

8, Lliting lugs

9. fillng opentng

10, Diggram plole

11, tlomie plato

12, Thermormeter wilh 2 ¢l conl.
13. Top chonger for Pelersen coll i
14, il lowet Indlcotor

15, Prossuro reflof dovigo
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Three—~phase hermetically sedled type
oil~immersed distribution transforer
, with Polersen coll |
400 kVA, 10:2x2.5%/0.42KY, ZNyn11+d
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1. PRIMARY BUSHING OF
: | | " AUXILIARY WINDING (20NI250A)
AT AT || 2. SECONDARY BUSHING OF
" | L o L AUXILIARY WINDING (260A)
12/ NN = 3. CONTACT THERMOMETER
3@@ OO® 5 4, UFTERS
= ISP _ B | o PRESSURE RELIEF DEVICE
: / - = 6, PIPE FOR OIL TOPPINGTUP
=t R = 7, RATING AND DIAGRAM PLATE
=) 5 6. DRAIN VALVE

i L
= TORRTY 9, EARTHING GONNECTION
Lm@lm_ﬂilﬁﬂnﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂl‘“ 10. ROLLERS
-4 {1, BUSHING FOT EARTHING CONNECTION
OIf THE PETERSEN GO, (20N{260A)
12, OFf-LOAD TAP CHANGER
A FOR PETERSEN COIL
3, OFf*-LOAD TAP CHANGER
FOR AUXILIARY WINDING

: DIMENSIONS {inm

TYPE A B c D E [ F

ZTP 180-50/50/6.3 1760 | o080 | 1300 800 | 26% | 120
Z1P 300-50/60/10.5 1020 | 1460 | 1440 | 800 | 265 120
2T 425501701105 2000 | 1660 | 1460 800 265 120

Dale Name Slgnalurs
Dasigned by 26.11,2014 GG, B |
Approved by |26.11.2014 RS, %
Seale |Delall — No. =
oalo |1l 1 ENSION DRAWING OF EARTHING rg. N |
'I'RANSFORI\;I(IH@ \;y}'n-l AUXILIARY WINDING 2014-07/01
_ MNDPEAERSEN COlLS
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f, PRIMARY BUSHING (20N1250A)
2, SECONDARY BUSHING OF

] m}zl |
a
77

11 AUXILIARY WINDING (260A)
o 8. CONTAGT THERMOMETER
= = A, LIFTERS |
= e N \ = 5, PRESSURE RELIEF DEVIGE
= @, ' ce Bl @ 6. PIRE FON OILFOPPING UP
= ) ' B 7. RATING AND NIAGRAM PLATE
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NEMIA TPADO EAL - NEPHKK
MPOU3BOANUTE/l HA CUNOBU TPAHCGOPMATOPU
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TpanchopMamapl
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Aemiu Tpado

Tpanchopsamopu

Mpunoxerue 3 kbM TexHUYeCKo npedrioxeHue

CPOKOBE 3A OJOCTABKA
' KonuuecTea 3a
nLpBa gocTaBKa K::::ECTBE :a
B paMkuTe Ha 1 easalt
fenH) nocTang B
Ne | HaumeHoBaHue Mspka kaneHRapex paﬁ'ﬁ&'}‘ipiﬂea’
CK]'TI(e)f{:la‘:eTHa mMeceya, OT aartara
Ha nopbUKa
Aoonop
1 - 2 3 4 5
1 | Tpucbazen peaktop 20 kV, 800 kVAr, ¢ K3P op. 3 4
2 | TpudbaseH peakrop 20 kV, 800 kVAr, ¢ K3P &p. 4 6
3 | TpudbaseH peaxrop 20 kV, 400 kVAr, ¢ K3P op. 2 3
3abenexxu:

1/ Konuvecmeama om mabnuyama - Konoxa 4, mpabea da 6u0am GocmaseHu & pamkume Ha 1 mecey cied

CKItoYeaHe Ha 608080,06.

HaTa 09.03.2017 r.

noannuc u NEYAT:

.

,'( Y Konuyecmeama om xonoka § mpabsa 0a ce docmasam cried nopbyka e paqume’fiiéﬁﬁ'f?
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rp. Mepuuk, yA, .Baoaaiicko Buctanme® 1 | Teas O7é
E-mail: info@lemi-trafo.com
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3. BbBegenne

Kato By 6narogapum 3a NOBEPUETO, KOETO HU TNACyBaTe, NO3BONABAME CU A2
By npepnodum HAKOW UHCTPYKUMM 3a NPaBUAHOTC NOM2BaHe U WHCTaNUpaHe Ha
TpaHchopmaTopa.

Uanata Hawa npogykumAa e KOHTPOAMpaHa OT CUCTeMa 3a yNpaeneHWe Ha
Ka4eCTBOTO _mo 9001:2000 v rapaHTMpaHa CbC cepThMKaT Ha Bureau Veritas
nmn_mnmco: B CbOTBETCTBUE C UBUCKBAHWATA HA cravgapt 15O 9001:2000.

' Hawure TpaHchopmaTopn ca KOHCTPYWPaHW W WSMNUTaHW B CHOTBETCTEME C
M3NCKBAHWATA Ha CTaRAaPT BAC EN 60076 w1 nanckeanmAta Ha IEC 60076

“AKO Helllo He & CLOBILEHO B HACTOMIUMA HAPBUHIK WAV IMNCBa MHGOPMALINR 33
MON3BaHEeTo Ha TpaHchopMaTopa, MOIA Ja ce CBbpeTe ¢ upMaTa AOCTaBUMK.

4. TpaHcnopT, ToBapeHxe 1 pa3ToBapBaHe

ﬁumxn%OUEm%Oﬁ.E. ce ekcnegmpa HanbjaHeH C ._._umIneOU?._m.._.OUIO Macno,
cIeaoBaTenHo .Jumm_wm na mdhm TRAHCNOPTKPAH BBE BEPTUKANHC NONOMKeHNE,

TpaHchopmaTopsT TpRdea ga Obhe CneuuanHo 3awnTeH cpelly npemecTeade
no _._..._m,_,AuO_UZ_m._.m AOCPREACTEOM NPUTEraTeNHn KOJIaH Ui @..._Oxsﬁm_._m Ha WacuTo Ha
._.UmInﬁvOUgm._.O_um Ha AbpBEeHW TPYNW 1A NaneTi. 3a Ha ce nsberHar nospepv npu
YKPEMBAHETO Ha TpaHCHOPMaTOpa BbPXY NPEBO3HOTO CPEACTS0, TpaHchopMaTopbT
He Tpabea Ja 6bAe Bpb3BaH 2a paguaTopuTe MAK pebpara MeAHK C MACo, KaKTo K
3a NepuUenNaHOBUTS U30NaTOPN. Morart Aa ce M3NOoN3Bat TPaHCNOPTHUTE NMJIAHKW Ha
Kanaxa Ha TpaHcdopmaTopa U/MnK XanknTe no bIvTe Ha 0CHOBaTa.

(pv nNpUCTMraHeTO CBOEBpPeMeHHO Tpabea Ja ce  nposepu  ganv
TpaHCcHOPMATOPLT He € NPeTLPNAN NOBpeM Mo BPeMe Ha TpaHcropTa 1 ganu e
KOMMNeKTOBaH C BCUMKK NPUHaZNeAKHOCTI. B npotneeH n:u\LmS Aa ce peknamiupa
He3a0aBHO Ha npeeo3sava.

Mpu onepaunnTe TOBapeHe 1 PAsTOBAPBaHE & MHOTO BaXKHO TPAHChOPMATOPST
Aa e OKa4y¥ CbC CafnaH OT BbETa paBHK Ha @UOm Ha KOH30NMTe, HaMipalliit Ce Ha

Tpancdopmatopy MHCT, 4 33 exkcnnoatayua

Kanaka, KakTo M [a He Ce W3MOMZBaT MHOIO KbCW BLKeTa- efHo HebanaHCMpaHo
OKa4yeaHe OV MOMO [Oa TNpeav3BMKa O©OnacHUu MeXaHW4YyHW HATOBapBaHWA Ha
3aBapKUTE Ha pe3epBoapa.

MHOro e BaXHO A3 C& BNOXMA MAKCMMANHO BHWMAHUe B W30ArBaHeTo Ha
BpezHy yOoapy Ha pe3epsoapa, Ha pebpata MbiHu C _smn:o.,.s\:m nopLenaHoB1Te
MZ0NATOPY.

Ha macto TpaHchopmaTopbT Moxe fa 6bje npuasnkeaM, MOCPefCTBOM
AOABWKHU KPaHOBE W APYrv NOBAWUIaTeNHN Chopbxenua. Ha nngtka, TBbpaa 1
paeHa NOBbPXHOCT TPaHCHOPMATOPLT MoXe Aa 6bae TerneH 6abk gqm
Konerna.

[o Bpeme Ha MOHTXa TpaHchopMaTopBT TPAGBA 3 € 3alWUTeH OT BegRAKEU
._.:mnxm:sm.msovm;ss;ﬁmnsshv.

5. KHcTtanupasxe f

TpaHcdopmaTopbT € npoekTupaHd 3a 3akpuT M OTKPUT moHTa. Korato ce
M3MOs3Ba 3aKpuT MOHTaX, TpaHcbopmaTopwsT Tpabsa ga Obae WHCTaNMpaH B
noMelieHre, JOCTaTbYHO LIMPOKO, KOETO HaBa Bb3MOXHOCT NMOBBPXHOCTUTE 3a
oxnaypaHe Ha TpaHchopMaTopa fa ca NOJNIONEHN Ha JOCTaTbYHa M HenpekbcHaTa
LMPKYAaUMa Ha Bb3dyXa. MUHMMANHOTO pa3cToAHKe Mexdy CTeHUTe Ha KneTkaTta
n TpaHchopmaTopa TPAGBA Aa e He no-manko oT 30 cwv. Mexay ABa HanvuHW
TpaHcdopmaTopa B Chllata Knetka pascrosHneTo Tpabea ga Obae He No-Manko oT
100 cm.

BHuMaHVe KbM BEHTUAALUMATA Ha MOMELIEHMETO: aKo UMPKYNaUMATa Ha Bb3gyXa
€ HeZoCTaTb4Ha, TPaHCPOPMaTOPDBT LLE 3arpee NpeKoMepHo!

MNoaxoaAtwo e Aa ce NpecMeTHe LypKysauma 4-5 m’>/min 3a scekn kW zary6mw.

AKO noMeleHNeTo He MO3BONABa NOAXOAALLO OXIAXAAHE, YMECTHO € fa e
B3eMaT MepKM 3a WHCTAAMPaHeTo Ha acnupaTop, pasnofaraiku ro Ha usxoga Ha
Bb3AyX B _.oﬁ aTa MacT Ha KabrHaTa, KOMTO e B CPeLlyNoNOMHAA Kpail Ha BXoaa Ha
Bb3A \w chla 61Ha, 32 Ja ce oCUrypy NOSXOAAA LMPKYNaLUA ha Bharyxa,

Tparchopmatopu WHCTPYRGMM 33 excnnoaTauma




6. Hueo Ha macnoTo

TpaHchopmaTopBT ce [oCTaBA HambnHeH ¢ Macno. OnTUMATHOTO HMBO Ha
TPaHCHOPMATOPHOTO MAcno Ha TpaHchopMaTop FOTOR 33 NMycKaHe B AeficTaMe e
CNegHoTo: :
¢ TpaHchopmaTtop C paswmMpuTen - CTpenkata Ha nokasaneua Tpabsa ja 6bge

B MONOXeHUe, ChBNajallo ¢ OTMETKaTa, CbOTBETCTBALLA Ha TEMIEpaTypaTa Ha

MacnoTo rno BpemMe Ha MyckaHe.
¢ TpaHchopmarop ¢ LUANCCTHO HambfiBaHe [XepmeTMueH) - MacnoTo Tpsabea ga

6bae Ha HMBOTO Ha NPeanasHWA Knana.

B cnyuaii, ye MacnoTo e HefoCTaTLYHO, TPAGEA 43 C& Bb3CTaHOBK TOYHOTO HIUBO,
KaTo Ce fOnee CbE ChIKOTO MACIO WUITM Macno MM2LU0 ChLUMTE XapaKTepUCTUKX KaTo
MacnoTo, ChABPXKALO Ce B TpaHchopmaTopa.

7. PaspagHu enexkrpoan

PascroarmeTo Mexay paspafHuTe enekTpoiu (ako ca npegsugeHu) Tpabsa aa
6bae perympaHo B 3aBUCMMOCT OT CTEMNEHTA Ha HaNPEKEHUETo Ha TpaHchOPMaTopPa,
KOeTo e 03HayeHo B Tabnuuata:

- Pazcrosanve

| (TeneH Ha
| HanpexeHue

TpaHchopmaTopi WIHC,., 41 32 eKCrnoaTauma

8. Karncyna ¢bc cunukaren

CnAnKarenoBa Kancyna ce TnocTasA  JONbAHWUTENHO, W3KIOYUTENHO 3a
TpauchopMaTopuTe C PasMpPUTEN Ha MACNOTO. 3a MOHTaMaEwH ficynata e
HeobxoamMmo ga ce MaxHe Tanarta or 1/2” ot Tpphara, 3aBape /mﬂm Ha

pasumpmTens 1 4a ce 3aBUHTK CUNUKareoBaTta Kancyna.

CrAWMKare 6T, KOrAToO & CyX MMA KBITO KexnubapeH UBAT. CUAMK
MOPCKO CUHBO-2ENEHO O3HAYaBa, Y€ MMa OBNAXKHABaHe. 3a ga ce pereHepupa €
HeoBXoAMMO Aa ce 3arpee Ao TemrepaTtypa okono 90-100°C — Ao NpomAHa Ha UBeTa
B XKBJITO, YK € HeBXORMMO [a Ce NOAMEHN CUNMKareIuT ¢ HOB.

9. TepmomeTbp

TepMOMETHPBT VSMEPBa TemnepaTypata Ha macnoTto. Tol e cHabpeH ¢ gga
KOHTaKTa: NbpeuAT (anapmMeH) TpA6Ba Aa 6bje HarnaceH Ha Temneparypa 90°C;
BTOPUAT (M3KNIoYBaLL) TpnbBa fa 6Gbhe HarnaceH Ha Temneparypa makcumym 110°C
(Mpw Tazv TemnepaTypa ce N3KNoUea TpaHchopmMaTopT).

B cnyuai Ha BKIOUBaHE Ha anapmata Ha TepMomMeThpa, TpAbEa Aa ce NpoBepsAT
NPUUMHKATE 3a MPETOBApPBaHe, 4a ce MPOKOHTPONMPa BEHTWIALMATA Ha KNeTKaTa 1
€0s 4 Ha ToRapa.

10. Temneparypa Ha okonHarta
cpega

B cvorsercteie < Hopmute Ha EC 60076,
TemnepartypaTta Ha OKonHaTta cpefa TpAbea pa Hvoe:
*  MwuHumanHa Temnepatypa: -25 °C

*  Makcumanua TemnepaTypa: +40 °C

s (pepHopHeBHa Temnepatypa: +30 °C

* (pegHorofvluHa TemnepaTypa: +20 °C

VIHCTDYKUMM 32 eKCrNoaTaums




i 1.TasoBo pene, BUCHHOLZ”

Peneto ,BUCHHOLZ” e anapaTtypa,
KOATO MOXe pja Ce  M3MOon3Ba
V3KNIOYUTESNTHO 3a TpaHChopmMaTopuTe
C paswnpuren Ha MacnoTo.
lpeaBupeHn ca ABa TUNa Ha peneTo:
™MN T CbC 3aKkpensaHe ¢ ¢raHel BbLpxy
Kanaka wiv Tun 2 ¢bC 3aKpensaHe Ha
Tpbba - Kanak/ paswvpuren.

W B gBaTta criy4anA peneTo BUHar e
CHabAeHOo ¢ ABa KOHTaKTa.

MMbpBYAT KOHTAKT CurHanusupa
3a obpazyBaHeTO Ha ras BbB
BLTPEWHOCTTa Ha pesepBoapa Ha
TpaHchopmaTopa 1 CIYK1 Aa NoKaxe,
ue TPaHCHOPMATOPET € MpemMuHan B
HenpremMnuB pexunum Ha paboTa.

BTopraT KOHTaKT ce 3aTBapAa camo B Clyyai Ha nospena v TpA6Ba Aa
3afefCTBa NPeKbCaala Ha CTPaHa ,BUCOKO HanpeKeHKe” 3a U3K/IoUYBaHe Ha
TpaHchopmaTopa ot MpeXKaTa.

Mpepy nyckaHe Ha TpaHchopmaTopa B AeficTBME e HeobXoAMMO ha ce
M3BBbPLIAT CAEOHUTE ONepaLum ¢ peneTo:

1. Jla ce OTBUHTM KanauykaTa 3a MEXaHMUYeH KOHTPON W fla ce OTCTPaHy
BPEMEHHWA oTRaneuunTes], KOMTO HatTucka GyToHa 1 Bnokupa anapature
3a curHanvisauma , 3a a 1 Npepnasu no Bpeme Ha TpaHcnopTa.

2. [la ce npemaxHe eBeHTYa/IHUA Bb3AYX, CbAbPXKALl C& B PENeTo, KaTo Ce
OTBOPM KPaH4eTO 33 Bb3fyX M Ce M34aKa A0 U3NU3aHe Ha Macno, cneg,
KOBTO [a ce 3aTBOpPI KPaHUEeTo.

Tpancdopmaropm VIHCT e MV 338 EKCTIAORTALINMA

(xema Ha enekTpuuyeckuTe Bpb3KM Ha ,BUCHHOLZ” peneto: (Monoxetne
Ha KOHTaKTUTE Ha pene, MbIHO C Macno NPY HOPMASTHO ChCTORHME - HOPMASTHO

OTBOPEHN) \
KbM npekbceaya Kbm anapmarsa
—14=43 122 —
KOHTaKT Ha

anapmara

M, [Tonnaebk

\.

/

HyBcTBUTENEH Ypea 3a
OBUKEHNEeTOHd_ no

KOHTaKT Ha
npexKkbcsava.

TpaHchopvatopy © — WHCTRYKUMY 38 excnnoaTaums




[2. Pene Tin “DGPT2, DMCR/ RIS”

Tpaxchopmatopy

Penero TuRN DGPT2, DMCR (dpeHcko
NPoOM3BOACTEO) UM RIS (uranwaHcko
MPOU3BOACTBO) e anapaTypa, KOATO ¢e JoCTags
U3KNIOUMTEIHO 3a TRaRHCPOPMATOPU € LIANOCTHO
Hamb/BaHe- XepMeTUUeH TUR.

Tosa e ypep 3a 3awmTa Ha TpaHcdopmaTopa,
KOWTO MMa PYHKLMA HA KOHTPON Ha HUBOTO Ha
MacSIoTO, MHAMKATOP Ha HAJIATAHETO, KOHTPON
Ha Temneparypara u o0pa3yBaHeTOo Ha ras.

Anaparta ce [OCTaBs CbC CUIeAHUTE CTOMHOCTH
Ha KanubpoBKa:

* Hanaraxe Q,2bar
e Temneparypa T1:+100°C
¢ Temnepatypa T2: +110°C

32 MHCTPYKUMM OTHOCHO HaAyMHa Ha
CBbp3BaHe, MONA nornegHeTe MpPUACKEHNTe
UIOCTPOBAHW CXEMU B AOKYMEHTUTE 3aKpeneHn
KbM TpaHchopmaTopa.

VIHC .MM 32 eKCIIOETaLWR

*

Mpeau nyckake Ha TpaHchopmaropa B gefcTeme Ha eaHnTe
neficTuA:
¢ [la ce npoBepu fau KOMYTATOPHT HE € OCTaBeH Ha MEeXNHHO NGId)eHNe. AKO

TpaHchopmaTopsT TpAdEa Aa paboTi NapanesHo ¢ APyr, Mbpeo Tpabea Aa ce
yBeaum, 4e CMe OCUIypPUAY CLOTBETCTEME Ha CTbNanara Ha NpPeBKMoUBaTeNTe
Ha TpaHcopMaTopuTe 1 CLOTBETCTEME Ha $asuTe (fa ce NPOBEPAT HaHHWTE Ha
Tabenute);

Jda ce nposepy HMBOTO Ha MaCIOTO B PasWMPUTENA U GYHKLMOHMPAHETO Ha
VHAMKaTopa 32 Macno (B, CTp. 6);

la ce npoeepy Jann BCUYKW rapHUTYPM ca AoBpe ApUTHCHATW 1 Janu HAMa.
3arybu Ha macno;

Ja ce nposepu pascTOAHUETO MeEXOY paspAfHUTE eHeKTPoAW, ako ca
NpeasrAeHy TakKea, cnopep Tabnyiuara (BYHK CTp. 6);

Ja ce nposepAT Bpb3KMTE Ha PazAUUHUTE HOMBLIHUTENHY NPYHALIEKHOCTY:
TepmomeTep, pene ,BUCHHOLZ, cunukarenoea kancyna, pene tun DGPT2
DMCR /RIS m gp.

HJa ce cebpxe pesepsoapa Ha TpaHcPOPMATOPa KbM 3a3EMMTENA upes
cnielmanHarta Knema 3a 3azemaBaHe CbriacHo JeficTEalUTe HOPMATHUBMY.

r

Koraro ropHuTe NpoBepKUu Ca 3aBbplieHi, TpaHchopMaTopsT Moxe ga 6bae

BKMIOYEH B eKCMAoaTtaunA. AKO BKNIOYBBHETO € NOoUIeABaHO OT HEHOPMAnNHO
ByueHe, CTopiKeHe, BUCOK LWYM M Np. TpaHchopMaTOpLT TpABRa HezabaBHO fa 6bae
W3KAIOUEH 11 KOHTPOMHUTE M3MEpBaHua 1 MHCMeKUMK fa ce nposegar oTHoeo. B
ciydai, Yye TpaHchopMATOPBT € U3KAIYEH OT ChbobpaxeHMUA 3a 6e30MacHoCT, TON
moxe Aa 6bae BKIIOUEH OTHOBO, Camo Cejl YCTaHOBABAHe U envMMMHUpaHe Ha
NPYIUMHKTE OBEN 4O HEFOBOTO M3KIIYBaHE,

TpaHcgopmatopy —

VIHCTRYKLMM 33 excrinoaTauyms




14. NMeprnognuHmn npoBepkm u NnogapbKKa

BHMMAHME: Bcaka onepauua TpabBa ga 6bAe usBbpliBaHa Mpu
M3KNIOUYEH TPaHCHOpPMaTop OT MpexkaTa!
£Of
MNeprognyHOCTTa Ha npoBepKWTe (NoaAbKaHe v NPOPUNAKTMKa) BapupaT B
BABMCYIMOCT OT YCNOBMATA Ha eKCNnoaraLia 1 ON3BAHETO Ha TpaHchopmaTopa.
Heobxoprmo e neprogruHo ga ce nposepssa:
° TemneparypaTa Ha macnoto. Ta Tpabea ga otroesaps Ha EN BAC 60076-2;
¢ HueoTo Ha mMacnoTe. AKO HMBOTO € MOHMKEHO & HeobxogMmo fAa ce fonee
Macno, MMatle CbUMTE XapaKTepUCTMKWM KaTo TOBA, KOETO Ce ChAbpKa B
TpanchopmaTopa;
* [lpomeHu B LIBETa Ha CUNMKArena B CUIMKare108ara Kancyna (ako ca MOHTUpaHn
Takueay;
®  YnabTHEHWETO Ha rapHUTYPUTE Ha Karaka 1 Ha M301aTopuTe, KaTo eBEeHTYaNHO
€e YBeNnWMYn 3aTAraHeTo;
® 3aTAraHeTo Ha BPbL3KWTE ¢ M3onaTopuTe BH 1 HH.

Cnen TpW roguHyW oOT NycKaHeTo Ha TpaHchopmaTtopa B excrnoatayws
e fpenopsynTendo ja ce u3saam npoba or MacnoTo, 3a fa e MPoBepAT
xapakTepuctukite My. Cnefi ToBa Tasu Onepauuvs ce noBTapA Ha Bceku 2 (aee)
ropguHN.

Heobxogumo e ._._umv__neonzmaond._. 1 ocobeHe M3onaTopuTe Aa ce noagbpKar
YUCTI.

i5. [fpeToBapBaHus

CneuynduuHuTe TeXHMKN Ha CpaBHEHMe 3a AONYCTUMWTE HaTOBapBaHUA
KaTo GYHKUMA OT MOWHOCTTA Ha TpaHchopmaTopute ca Hopmute IEC 60354
»PBKOBOACTEO 3a HaTOBApBaHe Ha MacIeHN TpaHchopmaTopu”

CroitHoCTUTE Ha AONYNOCOYEHUTE NPETOBAPBAHIA Ce pasdupar Hecegeatym ce

TpadchopMatopi HHC WK 32 eKCriAcaTauma

pabora.

33 MeqTa), HalmnTe TPaHCPOPMaATOPY MOFaT g2 FIOHeCaT ChefHUTERpEjoBapBaHn,
CUMTalKW TemMriepaTypaTa Ha OKONHaTa cpefa 3a 40°C:

O EpemeTpaeHe
Ha MpeToBapeaHe
(npn @@ OT HOMMNHaNHaTa _soE_._On.:

o ———

Ncﬁ.

fpen o
HaToBapBaHe B

 50% OT HOMUHArIHaTa
MOLWHOCT

70% OT HOMWUHaNHaTa
_soE_._oQ

moQo oq _._oz_s_._m:_._mqm
_soE:oQ.

bes fa npesuyaBaT MakcmManHara Temnepartypa Ha meara (105°C) 1 Ha MacIoTo
(100°C), gonycrimu oT HopmiTe Ha IEC, HalwmTe TpaHchopMaTOpY MOFaT Aa NToHecaT
O3HaJeHWTe NPETOBAapBaHWA UMM fAa OOBEHaT JO €AHa peayuupaHa MOLUHOCT,
cnopep ToBa Aanuy TeMnepatypaTta Ha OKONHaTa Cpefa & PeCrneKTUBHO NO-HYICKa UK

No-BUCOKa OT NE.H\J

rd

TpaHcdopmaTopu — WhcTpykgmm 32 ekcnnoatauma




Temnepa- "”."_. MNMocrosHHo vmn<=:sn

Mpeaunwno ] TypaHa | ponycrumo Ha Mo~
HaToBap&aHe B { oxonwara | npeTtoBap- HOCTTa {
3 T BaHe [ (% oTHOM.
(% o1t HOM. MOMIHOCT)
MOLWHocT) |

00% OT HOMUHaNHaTa
MOLWHOCT

100% OT HOMMHANHATA
MOLWHOCT

'100% OT HOMUHaNHaTa
MOLWHOCT

100% OT HOMWHANHATE
MOLYHOCT

'100% OT HOMMHanHaTa _ 1 B ﬁ
MOLHOCT _

100% OT HOMWUHaNHaTa
MOWHOCT

.—OOAXU 01_- IO?._.—\_Im._u_Imx_um , . e quEgn—ﬁm—,*mw,hmﬂm—nnﬂ.wsm Fin s R ] e B i b e |__O§
MOLWHOCT ; _

100% OT HOMUHanHaTa | _ 14. Mepuopnunn nposep

MOLLHOCT

\\\
3abene \wmﬂm\wg\,ﬂs TEKCTOBE W WITIDCTPALUK Ca NMOAreTBEHN 3a M3bpaHua oT Bac

! - -
i _._Uo_mﬁﬁ ROVISBOAMTENAT C11 3aNa3Ba NPABOTO A2 MPaBk NPOMEHN U NoAoBPEHNs Ha

nwosqm POAYKIV, KOUTO MOTaT Aa MOBAVAAT Ha ChAbPXKALLATa Ce TYK nHpopmaLma.

£

WHar___11 33 excninoaTaims TparcdhopmaTopn

TpaHchopmatopy

SIﬁﬂU<x£ss 32 ekcnnoaralma




