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CYCLIC ENDURANCE TEST START

Date / Time 29.11.2016 10:16
Initial Pressure in relaxed tank state Po 1013 mbar
Initial oil height in the testing machine hy 414 mm
Initial oil volume in the testing machine Vu 22 dm’
1 cycle duration | . 124 s

The tank endurance test was performed according to the Standard CSN EN 50464-4, Clause 4.3.
2000 cycles of overpressure and underpressure were performed. Each cycle lasted at least 120 s. After

the testing, measured oil volume was added to the tank to reach the initial pressure measured in
relaxed tank state (pz = p0).

[] \UIL VOLUME MEASUREMENT ~ OIL PRESSURE MEASUREMENT

DIL TEMPERATURE MEASUREMENT

[ I

TESTING DEVICE CONNECTION \

CYCLIC ENDURANCE TEST FINISH

Date / Time 02.12,2016 09:28
No. of cycles 2000
Oil temperature at the end of the test T, 19,4 °C
Qil volume in testing machine after the test V, 17,8 dm’
Qil volume added to the tank Vy-Vy 4,2 dm’
Pressure in relaxed tank state at the end of the test Pz 1013 mbar
Max, pressure during the test Pmax 1182 mbar

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only. The Test Repori may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Transformer tank 610 022/4

No. of cycles
= QOverpressure —=Underpressure

Tank static leakage test

Description

The tank static leakage test was performed according to the Standard CSN EN 50464-4, Clause 4.4,
After the endurance test the tank was for 24 hours loaded with pressure, which is equal to 120% of
maximum measured pressure during the endurance test.

' " STATIC LEAKAGE TEST '

Test pressure Po=1,2(Pmax-Po)+po 1216 mbar
Date / Time Start 02.12.2016 10:/\
Date / Time End 03.12.2016 10:5v
Test pressure Start 1225 mbar
Test temperature ~ Start 19,6 °C
Test pressure End 1223 mbar
Test temperature End 19,4 °C
Results

After the tank endurance and the static leakage test, distribution transformer was visually inspected
and no leakage or excessive deformation was discovered.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced only as 2 whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Test Report
AP EZ/2016/047/01/EN

Customer: BEZ TRANSFORMATORY a.s.
Rybniéna 40
835 54 Bratislava
Tested object: Transformer TOHn 319/22, s.n. 0361960
Test take over date: September 23", 2016
Test realization date: September 26™ , 2016
Test identification No.: 365-302-1624 Evidentiary No: 48/2016
Order No: B06/4500006720

Testing methods, regulations:

ACCREDITED TESTS ACCORDING TO SOP_EZ/2,4,6 and 8:

(SN EN 60076-1, Clause 11.2 Measurement of winding resistance

CSN EN 60076-1, Clause 11.4 Measurement of short-circuit impedance and load loss
CSN EN 60076-1, Clause 11.5 Measurement of no-load loss and current

CSN EN 60076-2 ed.2 Power transformer — Part 2:

5 Temperature rise for liquid-immersed transformers
CSN EN 60076-3 ed.2, Clause 13.2  Yull wave lightning impulse test (LI}

Test results: In the text.
b . /‘
.-/f..",- .
e e .
{
Enclosures; -
InPlzeti,  30™ September 2016 Petr Sima

Electrical Testing Laboratory Director
Test Report is issued in 3 copies — 2 are obtained by the customer and 1 is kept in the Laboratory. :

Test Report is issued for the customer in electronic form too.

Methods used in testing are specified in the Quality Manual of the Blectrical Testing Laboratory and satisfy the precision requirements according to the

respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a2 whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Tested object
Oil—immerse_d transformer TOHn 319/22.

Performed tests
Routine tests:

* Measurement of winding resistance according to the Standard CSN EN 60076-1, Clause 11.2,
The test was carried out at tappings 1, 3 and 5 of the tested transformer.

* Measurement of short-circuit impedance and load loss according to the Standard
CSN EN 60076-1, Clause 11.4, The test was carried out at tappings 1, 3 and 5 of the tested
transformer,

* Measurement of no-load loss and current according to the Standard (SN EN 60076-1,

- Clause 11.5, The test was carried out at main tap of the switch P1 of the tested transformer.

Methods vsed in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Type tests:

o Temperature rise fest according to the Standard CSN EN 60076-2 ed.2 at tapping 3 of the tested
transformer with ratio 20/0.4 kV.

e Full wave lightning impulse test (LI) of the tested transformer according to the Standard
CSN EN 60076-3 ed.2, Clause 13.2. Test was carried out at HV side with negative wave 150 kV,

Used apparatuses

‘Name Type Filing Ne.
Digital multimeter Fluke 189 PMMm 263
Digital multimeter Fluke 179 PMMm 269
Digital oscilloscope AT DSO7034A PMMo 265
Digital oscilloscope Keysight DSO-X 4034A PMMo 270
Isolating converters BB3652 - PMMp 254
Mercury thermometer from 0°C to 50°C PMMt 239
Digital thermometer GMH 3710 PMMt 268
Current transformer ABB Petercem EA100 PMTr 92
Current transformer ABB Petercem EA100 PMTr 93
Current transformer ABB Petercem EA100 PMTr 94
Three-phase power analyzer D6100 PMWa 19
Power analyzer Norma 5000 PMWa 27
Impulse Analyzing System HiAS 743 176736

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Customer:

Measurement of winding resistance
Description

. The measurement of winding resistance was performed according to the Standard
CSN EN 60076-1, Clause 11.2.3. Measurement was carried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state.

Winding resistances each of above mentioned tappings were measured with DC current, with
Ohm’s method, between terminals of each phase on HV side of transformer and between node and
terminal of respective phase on LV side of tested transformer. The mean temperature of cooling liquid
(tempetature of transformer winding) was measured during the test. Temperature was between

22.2 °C and 22.7 °C. Resulting value of the resistance was recalculated to 75 °C.

Results

Resistances of transformer winding are noted in Tab. 1.

Side of - . Before type and special fests
transformer Tap ‘ Terminal Roneasored (t\(};[; 11)175 (D)

1 : 1U-1V | 36.53001464 | 44.02917783

(+5%) TU-1W | 36.60274932 | 44.13853922

1V-—1W | 36.58698981 { 44.08071062

v 3 1U~-1V | 3460412508 | 41.70792681

(0 %) 1U-1W [ 34,71354513 | 41.83980945

1V~ 1W | 3468085106 | 41.78415791

5 1U-1V | 32.73462354 | 39.45463957

(-5%) 1U~1W | 32.81904635 | 39.54101970

1V-1W | 32.79462623 39.51159787

LV 2n—2u | 0.004330360 | 0.005209203

2n—2v | 0.004199683 0.005052005

20—2w | 0.004212380 | 0.005067280

Tab. 1: Resistances of transformer winding.

Measurement of short-circuit impedance and load loss

Description

Measurement of short-
CSN EN 60076-1, Clau

transformer in temperature steady state,

Voltage was applied to HV terminals of the transformer, LV terminals were short circuited. Supply
current of 50 Hz was ca, 3 A. Temperature was 22.6 °C.

Measured values of short-circuit impedance and load loss were corrected for the reference
temperature 75 °C.

Results

- Measured values of short-circuit impedance and load loss are noted in Tab. 2.

Methods used in testing are specified in the Quali
respective standards. The presented test results are
In case of discrepancies the Czech version of the Test Report takes precedence,

circuit impedance and load loss was performed according to the Standard
se 11.4. The test was carried out at tappings 1, 3 and 5 of the tested

ty Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
in relation to the subject of these tests only, The Test Reporf may be reproduced only as a whole.
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ZaA Pk
Tapping T(+5%)]3(0%) ] 5(-5%)
Zineasured () 116.40 103.77 93.66
Z15(Q) 117.86 | 10542 | 95.52
APy easured (W) § 157443 | 1864.00 | 2216.87
APers (W) | 191473 | 221048 | 2574.23

Tab. 2: Values of the short-circuit impedance and load loss.

Measurement of no-load loss and currents
Description

Measurement of no-load Josses and currents was performed according to the Standard
CSN EN 60076-1, Clause 11.5. The test was carried out at main tap of the tested transformer in
temperature steady state.

Supply voltage was applied to LV terminals of the transformer; HV terminals were no-loaded.
Supply voltage during the measurement was set to 90 %, 100 % and 110 % of rated voltage U,.

Resulfs

Measured values of no-load losses and currents are noted in tab. 3 and 4.

90 % U, 100%U, | 110% U,
(208V) (231V) | (254V)
ARG (W) | 1602 203.0 264.1
Tab. 3: Values of the no-load losses.,
90 % U, 100%U, | 110% U,
(208V) (231V) | (254V)
'Ig'(A) 0.6932 0.7421 0.8351

Tab. 4: Values of the no-load currents.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of tiie Test Report takes precedence.
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Temperature rise test
Description

Short-circuit method was used. Transformer was connected to the testing circuit according to the
fig. 1. Lead-in copper cables 16 mm® on the side of HV terminals and copper pas with dimension ca,
800 mm?” on the side of LV terminals were used. Frequency of power source was f= 50 Hz.

Mean temperature of the side of the HV and LV winding was determined by measuring of
electrical resistance of the winding. Wiring is shown in fig. 2. The resistance was measured by Ohm’s
method on both sides. At the end of the test, the time development of the resistance was recorded fiom
the moment after switching circuits and electrical stabilization of the measuring circuit. The
development was extrapolated to the moment when testing current was switched off.

Other temperatures were measured by thermocouples in connection with a measuring system. Qil
temperature was measured in the oil sump at the top of the transformer. Side surface temperature was
measured in eight points, four ones up and four ones down, close to corners of the tra.nsfonnc{
container. These values were used to calculate the temperature of the middle oil layer.

Ambient temperature was measured in four points, approximately 2 m distant from the transformer,
in one half of its height. Mean value was used to process resulis.

The test was divided into two parts. The first one was designated for measurement of the oil
temperature rise above ambient, The second one was designated for measurement of the winding
temperature rise above oil.

In the first part the transformer was loaded by a current (slightly higher than the nominal one)
which generated the total losses (no-load losses plus short-circuit losses) 2414.4W in the
transformer. The losses were measured on the HV terminals side. The losses were kept constant
during the test, while the current slightly changed. When oil temperature became steady, the
temperature of the middle oil layer was determined.

In the second part of the test the transformer was loaded by its nominal current
I=4.62 A for 1 hour. At the end the mean temperature of the winding and the temperature of the
middle oil layer were determined. |

Metheds used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 1: Measuring stand.

1l

VN
G Generator 800 kVA, v generator breaker,
P auxiliary transformer, B shunt for current measurement,
Z tested transformer.
Fig. 2: Testing power circuit for the temperature rise test,
R Z ' R
]
— L L 1
| — /i PN i
1
: 3 :
B, o 1 ! B B
| - \_. ; — : ./ 4—2-
I H |
i ; : | e
vy :_____________________: Yy
I U U 1
Z Tested transformer, S, S; stabilized source of DC,
Bi, B,  shunts for current measurement, R stabilizing resistors.

Fig. 5: Circuit for resistance measurement, arrows shows the connection to the measuring system.

Results

The test lasted 11.7 hours and it was finished according to Standard CSN EN 60076-2 ed.2,
Clause 7. Examples of time development of temperature are shown in fig. 3. Example of time
development of interlaced and extrapolated resistance of the winding, connected to the LV and HV
terminals, afier the temperature risc test, are shown in fig. 4. Measured values of the resistance of the
winding were extrapolated to the end of the temperature rise test. Recalculation between the
resistances of the winding to the temperature was made by formula:

®:;=R,/ Ry (235+0,)—-235
0, — temperature at the end of the test; @ - temperature before the test; R, — resistance of the winding

at the end of the test; Ry —resistance of the winding before the test. NN
Final results of temperature rise test are presented in tab. §. \ \\

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision 1 uirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancics the Czech version of the Test Report takes precedence.
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Fig, 3: Examples of temperature during the test.
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Fig. 4: Time development of inferlaced and extrapolated resistances of the windings on the side of
LYV terminals after the temperature rise test.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
tespective standards. The presented test results are in relation fo the subject of these tests only, The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence,
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Temperature| Limit |Interpretation
rise ( K) (K) | of test results
Temperature rise of the upper layer of oil 36.8 60 Passed
Middle temperature rise of the oil 322 - -
Middle temperature | HV side 58.7 65 Passed
rise of the winding LV side 50.8 65 Passed
Tab,5: Temperature 1ise above ambient temperature, calculated by  Standard

(SN EN 60076-2 ed.2. Uncertainty of temperature rise is maximally 1.2 K for oil
measuring and 3.0 K for temperature rise test of winding, This uncertainty is calculated as
product of standard uncertainty and coefficient “k”, which corresponds to the interval of
reliability circa 95%, which in case of standard distribution corresponds to coefficient k = 2.

Interpretation of the test results:

It is possible to certify according to the Standard CSN EN 60076-2 ed.2, Clause. 7.11
,Uncertainties affecting the results of the temperature rise test®, that the estimation of uncertainties
should not be used for certification of specified limits gaining. Uncertainties should be used for
information only.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respestive standards, The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Full wave lightning impulse test (LI)
Description

Full wave lightning impulse test was performed according to the Standard CSN EN 60076-3 ed.2,
Clause 13.2 at the principal tapping of the tested transformer with tatio 20/0.4 kV. The test was
performed with standardized 1.2 ps*3°%/50 pg £20% lightning impulse of a negative polarity,
U=150kV. The value of the testing voltage was chosen by the customer from the Standard
CSN EN 60076-3 ed.2, Table 2.

The test was performed for the following combination:

¢ 1 reference impulse (50 — 70% U),
» 3 impulses of 100 % U level.

This impulse combination was applied gradually to every phase terminal of the tested HV winding.
The remaining phase terminals and the tank of the transformer were grounded., One additiona’
measuring channel was used for the measurement of the current flowing from the remaining tw
interconnected phase terminal to the ground.

The lighting impulse test was performed under the following atmospheric conditions:

¢ atmospheric pressure: 99.04 kPa,
» temperature: 19.1 °C.
Results

The following test division and classification of each oscillogram is related to numeration,
indicated under each following oscillogram No. 1 — 13 in figs 5-8:.

Shape of wave — oscillogram 1.

Reference impulse — oscillograms 2 (phase 1U), 6 (phase 1V} and 10 (phase 1W).

Phase 1U — oscillograms 3, 4 and 5.

Phase 1V — oscillograms 7, 8 and 9.

Phase 1W — oscillograms 11, 12 and 13. (

Interpretation of the test results:

It is evident (oscillograms in fig, 5 - 8) that the insulation of the {ested transformer passed the
lightning impulse tests (LI).

Methods used in testing are specified in the Quatity Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
Tespective standards. The presented test resulis are in relation to the subject of these tests only, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig, 5: Lighting impulse test.

Methods used in testing are specified in the Quality Manual of the Elecirical Testing Laboratory and satisfy the precision requirements according to the

respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence,
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Fig. 6: Lighting impulse test.
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Test Report
AP_EZ7/2016/049/01/EN

Customer: BEZ TRANSFORMATORY a.s.

Rybni¢n4 40

835 54 Bratislava
Tested object: Transformer TOHn 359/22, s.n. 0363336
[Test take over date: September 23", 2016
Test realization date: September 28™ | 2016 :
Test identification No.: 365-302-1624 Evidentiary No: 48/2016 (
Order No: B06/4500006720 |

Testing methods, regulations:

ACCREDITED TESTS ACCORDING TO SOP_EZ/2, 4, 6 and 8:

CSN EN 60076-1, Clause 11.2 Measurement of winding resistance

CSN EN 60076-1, Clause 11.4 Measurement of short-circuit impedance and load loss
CSN EN 60076-1, Clause 11.5 Measurement of no-load loss and current

CSN EN 60076-2 ed.2 Power trausformer — Part 2:

. Temperature rise for liquid-immersed transformers
CSN EN 60076-3 ed.2, Clause 13.2  Full wave lightning impulse test (LI)

Test results: In the text. (

Enclosures; - S

{/ 21‘5 ;’/ ‘t’;"'--...__

1

InPlzefi, 30" September 2016 ‘ Petr $fma
Electrical Testing Laboratory Director
Test Report is issued in 3 copies -2 are obtained by the customer and 1 is kept in the Laboratory.

Test Report is issued for the customer in electronic form too.

Methods used in testing are specified in the Quality Manual of the Biecirical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test resuits are in refation fo the subject of these tests only, The Test Report may be reproduced only as a whole.

In case of discrepancies the Czech version of the Test Report takes precedence.
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Tested object
Qil-immersed transformer TOHn 359/22.
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Performed tests
Routine tests:

o Measurement of winding resistance according to the Standard (SN EN 60076-1, Clause 11.2.
The test was carried out at tappings 1, 3 and 5 of the tested transformer.

e Measurement of short-circuit impedance and load loss according to the Standard
CSN EN 60076-1, Clause 11.4. The test was carried out at tappings 1, 3 and 5 of the tested
transformer.

o Measurement of no-load loss and current according to the Standard CSN EN 60076-1,
Clause 11.5. The test was carried out at main tap of the tested transformer.

Methods used in testing are specified in the Quality Manuat of the Blectrical Testing Laboratory and satisfy the precision Tequirements according to the
respective standards. The presented test results are in relation fo the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence.
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Type tests:

o Temperature rise test according to the Standard CSN EN 60076-2 ed.2 at tapping 3 of the tested
transformer with ratio 20/0.4 kV.

¢ Full wave lightning impulse test (LI) of the tested transformer according to the Standard
CSN EN 60076-3 ed.2, Clause 13.2. Test was carried out at HV side with negative wave 150 kV.

Used apparatuses

Name Type Filing No.

Digital multimeter Fluke 189 PMMm 263

Digital multimeter Fluke 179 PMMm 269

Digital oscilloscope AT DSO7034A PMMo 265

Digital oscilloscope Keysight DSO-X 4034A PMMo 270

Isolating converters BB3652 - PMMp 254

Mercury thermometer from 0°C to 50°C PMMt 239
Digital thermometer GMH 3710 PMM 268 (
Current transformer ABB Petercem EA100 PMTr 92

Current transformer ABB Petercema EA100 PMTr 93

Current transformer ABB Petercem EA100 PMTr 94

Three-phase power analyzer D6100 PMWa 19

Power analyzer Norma 5000 PMWa 27

Impulse Analyzing System HiAS 743 176736

Methods used in festing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Measurement of winding resistance
Description

The measurement of winding resistance was performed according to the Standard
CSN EN 60076-1, Clause 11.2,3. Measurement was carried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state.

Winding resistances each of above mentioned tappings were measured with DC current, with
Ohm’s method, between terminals of each phase on HV side of transformer and between node and
terminal of respective phase on LV side of tested transformer. The mean temperature of cooling liquid
(temperature of transformer winding) was measured during the test. Temperature was between
22.3 °C and 22.7 °C. Resulting value of the resistance was recalculated to 75 °C.

Results
Resistances of transformer winding are noted in Tab. 1.

~ Sideof | fap Terminal 'Beforg _ty'p'g and special tests
transformer | ) -Rﬁ!é_aﬂ"ed(o") Rys(Q)
U1V | 9.636676126 | 11,61045316

( +51% , [1U=1W [ 9.680634743 | 11.66341535

1V _1W | 9.660335285 | 11.63895817

TU—1v | 9.129011656 | 10.99880922

HV (0?3/0) 1U—1W | 9.165738826 | 11.04305883
1V _1W | 9.155209410 | 11.03037278

TU—1V | 8.623641358 | 10.38992935

(595 IUZIW 866232251 | 1043633524

IV -1W | 8.598903282 | 10.36012444

I 2u | 0.001932286 | 0.002326247

Lv m—2v | 0.001916093 | 0.002307650
n_2w | 0.001916987 | 0.002308726

Tab. 1: Resistances of transformer winding,

Measurement of short-circuit impedance and load loss
Description

. Measurement of short-circuit impedance and load loss was performed according to the Standard
SN EN 60076-1, Clause 11.4. The test was carried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state.

Voltage was applied to HV terminals of the transformer, LV terminals were short circuited. Supply
current of 50 Hz was ca. 4 A. Temperature was 22.5 °C.

Measured values of short-circuit impedance and load loss were corrected for the reference
temperature 75 °C.

Results

. o . \ \\\Q
Measured values of short-circuit impedance and load loss are noted in Tab. 2. \\ RS N
<~ 0\
)
Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the

respective standards, The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Z a A,Pk
Tapping 1(+5%) [ 3(0%) | 5(-5%)
Zrncasured { ) 44,52 40.24 35.60
L5 (Q) 44,93 40.71 36.17
APy measured (W) | 321776 | 387141 | 465032
APyqs (W) 395337 | 457021 | 5342.73

Tab. 2: Values of the short-circuit impedance and load loss.

Measurement of no-load loss and currents
Description

., Measurement of no-load losses and currents was performed according to the Standard
CSN EN 60076-1, Clause 11.5. The test was carried out at main fap of the tested transformer 1(
temperature steady state,

Supply voltage was applied to LV terminals of the transformer; HV terminals were no-loaded.
Supply voltage during the measurement was set to 90 %, 100 % and 110 % of rated voltage U,

Results

Measured values of no-load losses and currents are noted in tab. 3 and 4.

90%U, | 100%U; | 110 % Us
(208V) | (231V) | (254V)

CAPG(W) 328.0 4214 546,6

Tab. 3: Values of the no-load losses.

90 % U, 100% U, | 110% U,

(208V) | (231V) | (254V) (
L(A) 1.0247 11057 | 1.4079

Tab. 4: Values of the no-load currents,

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence.
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Temperature rise test
Description

Short-circuit method was used. Transformer was connected to the testing circuit according to the
fig, 1. Lead-in copper cables 16 mm? on the side of HV terminals and copper pas with dimension ca.
800 mm? on the side of LV terminals were used. Frequency of power source was £ =50 Hz.

Mean temperature of the side of the HV and LV winding was defermined by measuring of
electrical resistance of the winding, Wiring is shown in fig. 2. The resistance was measured by Ohm’s
method on both sides. At the end of the test, the time development of the resistance was recorded from
the moment after switching circuits and elecirical stabilization of the measuring circuit. The
development was extrapolated to the moment when testing current was switched off,

Other temperatures were measured by thermocouples in connection with a measuring system. Oil
temperature was measured in the oil sump at the top of the transformer. Side surface temperature was
measured in eight points, four ones up and four ones down, close to corners of the transformer
container. These values were used to calculate the temperature of the middle oil layer.

Ambient temperature was measured in four points, approximately 2 m distant from the transformer,
in one half of its height. Mean value was used to process results.

The test was divided into two parts, The first one was designated for measurement of the oil
temperature rise above ambient. The second one was designated for measurement of the winding
temperature rise above oil.

In the first part the {ransformer was loaded by a current (slightly higher than the nominal one)
which generated the total losses (no-load losses plus short-circuit losses) 5022,3 W in the
transformer, The losses were measured on the HV terminals side. The losses were kept constant
during the test, while the current slightly changed. When oil temperature became steady, the
temperature of the middle oil layer was determined.

In the second part of the test the transformer was loaded by its nominal current
I=11.55 A for 1 hour. At the end the mean temperature of the winding and the temperature of the
middle oil layer were determined.

Methods used in testing are specified in the Quality Manual of the Electrical Testing ELaboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 1: Measuring stand.

VN
G Generator 800 kVA, A" generator breaker,
P auxiliary transformer, B shunt for cwrrent measurement,
Z tested transformer.
Fig. 2: Testing power circuit for the temperature rise test,
R Z ' R
1 1
—e —_
C———>7 M W
1 T
: - 3E :
]
= N L 8
—H T 5 —H
Yy A | Yy
1 U U 1
Z Tested transformer, 5,8, stabilized source of DC,
By, B;  shunts for current measurement, R stabilizing resistors,

Fig. §: Circuit for resistance measurement, arrows shows the connection to the measuring system.

Results

The test lasted 11.4 hours and it was finished according to Standard CSN EN 60076-2 ed.2,
Clause 7. Examples of time development of temperature are shown in fig. 3. Example of time
development of interlaced and extrapolated resistance of the winding, connected {o the LV and HV
terminals, after the temperature rise test, are shown in fig. 4. Measured values of the resistance of the
winding were extrapolated to the end of the temperature rise test. Recalculation between the

resistances of the winding to the temperature was made by formula:
®:=Rz/Ry- (235+0,)-235

©;— temperature at the end of the test; ®; ~ temperature before the test; Ry — resistance of the winding

at the end of the test; Ry — resistance of the winding before the test,

Final results of temperature rise test are presented in tab. 5.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the

respective standards, The presented test results are in relation to the subject of these tests onky. The Test Report may be reproduced only as a whole,

In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 3: Examples of temperature during the test.
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Fig. 4: Time development of interlaced and extrapolated resistances of the winding
LV terminals after the temperature rise test.

|

J
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Temperature{ Limit |Interpretation
rise ( K) (K) | of test results
Temperature rise of the upper layer of oil 58.0 60 Passed
Middle temperature rise of the oil ' 48.3 -~ -
Middle temperature HYV side 63.4 65 Passed
rise of the winding LV side 64.8 65 Passed
Tab,5: Temperature rise above ambient temperature, calculated by  Standard

CSN EN 600762 ed.2. Uncertainty of temperature rise is maximally 1.2 K for oil
measuring and 3.0 K for temperature rise test of winding. This uncertainty is calculated as
product of standard uncertainty and coefficient “k”, which corresponds to the interval of
reliability circa 95%, which in case of standard distribution corresponds to coefficient k = 2,

Interpretation of the test results:

It is possible to certify according to the Standard CSN EN 60076-2 ed.2, Clause. 7.17
~Uncertainties affecting the results of the temperature rise test®, that the estimation of uncertaintir*
should not be used for certification of specified limits gaining. Uncertainties should be used for
information only.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation fo the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Full wave lightning impulse test (LI)
Description

Full wave lightning impulse test was performed according to the Standard CSN EN 60076-3 ed.2,
Clause 13.2 at the principal tapping of the tested transformer with ratio 20/0.4 kV. The test was
performed with standardized 1.2 ps**°*/50 ps *20% liohtning impulse of a negative polarity,
U=150kV. The value of the testing voltage was chosen by the customer from the Standard
CSN EN 60076-3 ed.2, Table 2.

The test was performed for the following combination:

e 1 reference impulse (50 — 70% U),
o 3 impulses of 100 % U level.

This impulse combination was applied gradually to every phase terminal of the tested HV winding.
The remaining phase terminals and the tank of the transformer were grounded. One additional
measuring channel was used for the measurement of the current flowing from the remaining two
interconnected phase terminal to the ground.

The lighting impulse test was performed under the following atmospheric conditions:

e atmospheric pressure: 99.33 kPa,
* temperature: 19.5°C.
Resuits

The following test division and classification of each oscillogram is related to numeration,
indicated under each following oscillogram No. I ~ 13 in figs 5-8:.

Shape of wave - oscillogram 1.

Reference impulse — oscillograms 2 (phase 1U), 6 (phase 1V) and 10 (phase 1W).
Phase 1U — oscillograms 3, 4 and 5.

Phase 1V — oscillograms 7, 8 and 9.

Phase 1W — oscillograms 11, 12 and 13.

Interpretation of the test results:

It is evident (oscillogfams in fig, 5 - 8) that the insulation of the tested transformer passed the
lightning impulse tests (LI).

Methods used in testing are specified in the Quality Manual of the Blectrical Testing Laboratory and safisfy the precision requirements according to the
tespective standards. The presented fest results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 5: Lighting impulse test.
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Fig. 7: Lighting impulse test.
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Test Report
AP EZ/2016/051/01/EN

Customer: BEZ TRANSFORMATORY a.s.
Rybni¢na 40
835 54 Bratislava
Tested object: Transformer TOHn 389/22, s.n. 0361831
Test take over date: September 23™ , 2016
Test realization date: September 30", 2016
Test identification No.: 365-302-1624 Evidentiary No: 48/2016
Order No: B06/4500006720

Testing methods, regulations:
ACCREDITED TESTS ACCORDING TO SOP_EZ/2, 4, 6 and 8:

CSN EN 60076-1, Clause 11.2 Measurement of winding resistance

CSN EN 60076-1, Clause 11.4 Measurement of short-circuit impedance and load loss
CSN EN 60076-1, Clause 11.5 Measurement of no-load loss and current

CSN EN 60076-2 ed.2 Power transformer — Part 2:

Temperature rise for liquid-immersed transformers
CSN EN 60076-3 ed.2, Clause 13.2  Full wave lightning impulse test (LI)

Test results: In the text.

Enclosures: --

InPizefi, 30 September 2016 Petr Sima

Electrical Testing Laboratory Director
Test Report is issued in 3 copies — 2 are obtained by the customer and 1 is kept in the Laboratory.
Test Report is issued for the customer in electronic form too.
Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the

respective standards, The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Performed tests
Routine tests;

* Measurement of winding resistance according to the Standard ('SN EN 60076-1, Clause 11.2.
The test was carried out at tappings 1, 3 and 5 of the tested transformer.

® Measurement of short-circuit impedance and load loss according to the Standard
CSN EN 60076-1, Clause 11.4. The test was carried out at tappings 1, 3 and 5 of the tested
transformer. '

* Measurement of no-load loss and current according to the Standard (SN EN 60076-1,

Clause 11.5. The test was catried out at main tap of the tested transformer.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test resulls are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancics the Czech version of the Test Report takes precedence.
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Type tests:

o Temperature rise test according to the Standard CSN EN 60076-2 ed.2 at tapping 3 of the tested
transformer with ratio 20/0.4 kV,

¢ Full wave lightning impulse test (LI) of the tested transformer according to the Standard
CSN EN 60076-3 ed.2, Clause 13.2. Test was carried out at HV side with negative wave 150 kV.

Used apparatuses

Name Type Filing No.
Digital multimeter Fluke 189 PMMm 263
Digital multimeter Fluke 179 PMMm 269
Digital oscilloscope AT DSOT7034A PMMo 265
Digital oscilloscope Keysight DSO-X 4034A PMMo 270
Isolating converters BB3652 PMMp 254
Mercury thermometer from 0°C to 50°C PMMt 239
Digital thermometer GMH 3710 PMMLt 268
Current transformer ABB Petercem EA100 PMTr 92
Current transformer ABB Petercem EA100 PMTr 93
Current transformer ABB Petercem EA100 PMTr 94
Three-phase power analyzer D6100 PMWa 19
Power analyzer Norma 5000 PMWa 27
Impulse Analyzing System HiAS 743 176736

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Measurement of winding resistance
Description

. The measurement of winding resistance was performed according to the Standard
CSN EN 60076-1, Clause 11.2.3. Measurement was carried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state,

Winding resistances each of above mentioned tappings were measured with DC current, with
Ohm’s method, between terminals of each phase on HV side of transformer and between node and
terminal of respective phase on LV side of tested transformer. The mean temperature of cooling liquid
(temperature of transformer winding) was measured during the test. Temperature was 22.5 °C.
Resulting value of the resistance was recalculated to 75 °C.

Results
Resistances of transformer winding are noted in Tab. 1,

‘Side of ) " Before type and special tests (
transformer. | Tap Terminal Rme_aém-;d (tiylp) ' 1;75 (Q)
) IU-1V | 4130217695 | 4.972300915
(+5%) 10— 1W | 4122274221 | 4.962737897
1IV—-1W | 4131014447 | 4.973260110
v 3 1U—1V | 3.907538807 | 4.704221476
0%) 1IU-1W | 3.898721044 | 4.693605917
1IV—1W | 3.905860784 | 4.702201332
5 1U—1V | 3.686047671 | 4.437571954
(-5%) IU-1W | 3.678689180 | 4.428713187
IV —1W | 3.686406004 | 4.438003344
v 2n-2u | 0.000788773 | 0.000949591
2n—2v | 0.000777999 | 0.000936620
2n—2w | 0.000799017 1 0.000961923

Tab. 1: Resistances of transformer winding,

Measurement of short-circuit impedance and load loss

Description

Measurement of short-circuit impedance and load loss was performed according to the Standard
CSN EN 60076-1, Clause 11.4. The test was cartied out af tappings 1, 3 and 5 of the tested
transformer in temperature steady state, : -

Voltage was applied to HV terminals of the transformer, LV terminals were short circuited. Supply
current of 50 Hz was ca, 13 A. Temperature was 22.7 °C.

Measured values of short-circuit impedance and load loss were corrected for the reference
temperature 75 °C.

Results

Measured values of short-circuit impedance and load loss are noted in Tab. 2.

Methods used in testing are spesified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation 1o the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence,
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ZaAD,
Tapping 1(+5%) | 3(0%) | S(-5%)
Zeasured ( £2) 32.70 28.82 2549
Zs () 32.79 28.94 25.62
APrmessued ( W) | 574595 | 6885.53 | 8291.65
APy (W) 6 900.20 | 7998.12 | 9372.92

AP_EZ/2016/051/01/EN
Total sheots: 13 %2=39

Tab. 2: Values of the short-circuit impedance and load loss.

Measurement of no-load loss and currents
Description

_ Measurement of no-load losses and currents was performed according to the Standard
(SN EN 60076-1, Clause 11.5. The test was carried out at main tap of the tested transformer in
temperature steady state.

Supply voltage was applied to LV terminals of the transformer; HV terminals were no-loaded.

Supply voltage during the measurement was set to 90 %, 100 % and 110 % of rated voltage Us.

Results

Measured values of no-load losses and currents are noted in tab. 3 and 4.

90 %U, | 100%U, | 110% U,
(208V) | (231V) | (254V)
AP (W) | 4781 643.8 869.4
Tab. 3: Values of the no-load losses.
90% Uz | 100%U, | 110% Uy
| (208V) | (231V) | (254 V)
L(A) -| 10976 17373 | 65700

Tab. 4: Values of the no-load currents.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only. The Test Report may bs reproduced onty as a whole.

In case of diserepancies the Czech version of the Test Report takes precedence,
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Temperature rise test
Description

Short-circuit method was used, Transformer was connected to the testing circuit according to the
fig. 1. Lead-in copper cables 16 mm? on the side of HV terminals and copper pas with dimension ca.
800 mm?” on the side of LV terminals were used. Frequency of power source was f= 50 Hz,

Mean temperature of the side of the HV and LV winding was determined by measuring of
electrical resistance of the winding, Wiring is shown in fig, 2. The resistance was measured by Ohm's
method on both sides. At the end of the test, the time development of the resistance was recorded from
the moment after switching circuits and electrical stabilization of the measuring circuit, The
development was extrapolated to the moment when testing current was switched off,

Other temperatures were measured by thermocouples in connection with a measuring system. Qil
temperature was measured in the oil sump at the top of the transformer. Side surface temperature was
measured in eight points, four ones up and four ones down, close to corners of the transformer
container. These values were used to calculate the temperature of the middle oil layer. '

Ambient temperature was measured in four points, approximately 2 m distant from the transforme.
in one half of its height. Mean value was used to process results,

The test was divided into two parts. The first one was designated for measurement of the oil
temperature risc above ambient. The second one was designated for measurement of the winding
temperature rise above oil.

In the first part the transformer was loaded by a current (slightly higher than the nominal one)
which generated the total losses (no-load losses plus short-circuit losses) 8 631,1 W in the
transformer. The losses were measured on the HV terminals side. The losses were kept constant
during the fest, while the current slightly changed. When oil temperature became steady, the
temperature of the middle oil layer was determined.

In the second part of the test the transformer was loaded by its nominal current
I=23.09 A for 1 hour. At the end the mean temperature of the winding and the temperature of the
middle oil layer were determined. :

Meihods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 1: Measuring stand.

VN
G Generator 800 kVA, v generator breaker,
p auxiliary transformer, B shat for current measurement,
Z tested transformer.
( Fig. 2: Testing power circuit for the temperature rise test.
R o Z . 1 R
]
1 I » : -0 L, ; % || I
L
5 3k 5
]
B o \; E . E / —_ B,
E !
Yy L \ &
1 U U I
Z Tested transformer, S, S; stabilized source of DC,
( B;, B,  shunts for current measurement, R stabilizing resistors.

Fig, 5: Circuit for resistance measurement, arrows shows the connection to the measuring system.

Results

The test lasted 11,2 hours and it was finished according to Standard CSN EN 60076-2 ed.2,
Clause 7. Examples of time development of temperature are shown in fig. 3. Example of time
development of interlaced and extrapolated resistance of the winding, connected to the LV and HV
terminals, after the temperature rise test, are shown in fig. 4. Measured values of the resistance of the
winding were extrapolated to the end of the temperature rise test. Recalculation between the
resistances of the winding to the temperature was made by formula;

®,=Ry/ Ry 235+ 0y)—-235

©,— temperature at the end of the test; @ — temperature before the test; R — resistance of the winding
at the end of the test; Ry — resistance of the winding before the test. ‘

i
i

Final results of temperature rise test are presented in tab. 5. \

Y
Methods used in testing arc specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precis\ihn{c_guirements according to the
respective standards, The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced onty as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 3: Examples of temperature during the test.
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Fig. 4:

0 5 10 15 20 25
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Time development of interlaced and extrapolated resistances of the windings on the side of
LV terminals after the temperature rise test,

Temperature| Limit |Interpretation
_ - rise ( K) (K) | of test results
Temperature rise of the upper layer of oil 39.2 60 Passed
Middle temperature rise of the oil 32.1 - --
Middle temperature HV side 62.7 65 Passed
rise of the winding LV side 48.3 65 Passed
Tab.5: Temperature rise above ambient temperature, calculated by  Standard

CSN EN 60076-2 ed.2. Uncertainty of temperature rise is maximally 1.2 K for oil
measuring and 3.0 K for temperature rise test of winding. This uncertainty is calculated as
product of standard uncertainty and coefficient “k”, which corresponds to the interval of
reliability circa 95%, which in case of standard distribution corresponds to coefficient k = 2.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
tespective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence.
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Interpretation of the test results:

It is possible to certify according to the Standard CSN EN 60076-2 ed.2, Clause. 7.11
,Uncertainties affecting the results of the temperature rise test”, that the estimation of uncertainties
should not be used for certification of specified limits gaining. Uncertainties should be used for
information only,

Full wave lightning impulse test (Ll)
Description

Full wave lightning impulse test was performed according to the Standard CSN EN 60076-3 ed.2,
Clause 13.2 at the principal tapping of the tested transformer with ratio 20/0.4 kV. The test was
performed with standardized 1.2 ps**°%/50 us**** lightning impulse of a negative polarity,
U=150kV. The value of the testing voltage was chosen by the customer from the Standard
CSN EN 60076-3 ed.2, Table 2.

The test was performed for the following combination:

e 1 reference impulse (50 — 70% U),
¢ 3 impulses of 100 % U level.

This impulse combination was applied gradually to every phase terminal of the tested HV winding.
The remaining phase terminals and the tank of the transformer were grounded. One additional
measuring channel was used for the measurement of the current flowing from the remaining two
interconnected phase terminal to the ground.

The lighting impulse test was performed under the following atmosphetic conditions:

e atmospheric pressure: 100.2 kPa,
¢ i{emperature: 18.9 °C.
Results

The following test division and classification of each oscillogram is related to numeration,
indicated under each following oscillogram No. 1 — 13 in figs 5-8:.

Shape of wave — oscillogram 1.

Reference impulse — oscillograms 2 (phase 1U), 6 (phase 1V) and 10 (phase IW).
Phase 1U - oscillograms 3, 4 and 5.

Phase 1V - oscillograms 7, 8 and 9.

Phase 1W — oscillograms 11, 12 and 13.

Interpretation of the test results:

It is evident (oscillograms in fig. 5 - 8) that the insulation of the tested transformer passed the
lightning impulse tests (LI).

By

Yo
i
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s
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Y
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Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests onty, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Fig. 5: Lighting impulse test.
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Fig. 6: Lighting impulse test.
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Fig. 7: Lighting impulse test,
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Fig. 8: Lighting impulse test.
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10 the Testing Laboratory No, 1326
ELRECTRICAL TESTING LABORATORY

Seope of acereditation:

Electrical nnd air-handling testing and measnring of industrial equipment 1o the extent as specified in
the appendix to this Centificate,

This Centficnra of Accreditolion 15 4 proof of Aceredifition jssued on the basis of asacssnient of fulfiibment of the
ecareditation crilecla iy gocordunve with

CSN BN ISOAEC 17025:2005

In it§ activilles perdormed within the scope and for the periad of validity of this Cerilicate, the Hody is emitled to refer 10 this
Cestificate, provided thal the aceraditition is not suspeaded and she Body moets the specified sceredisation requiretnents in
mcordance with the relavant regutlations applicable (o the activify of an recredited Conlormity Asscssnwent Rody.

This Certificale of A¢creditativn replaces, 1o the Tull estent. Cerdilicule No,: 424:2014 of LI July 2014, or iy adminisirative
ety huflding upon it

The Cenlifieate of Acereditation s valid until: 1 July 2018

Prague: 2| September 2615

. ? -~
(/ / «—-;pm”‘a?‘?ﬂf.

Jiti Ritzicka
Directoe
Cezh Acereditation Instilute
Pohlic Senviee Company

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
Tespective standards. The presented fost resnlts are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole,
In case of discrepancies the Czech version of the Test Report takes precedence,




ETD TRANSFORMATORY a.s.
ELEKTROTECHNICKA ZKUSEBNA

Zborovekda 54/22, Doudlevce, 301 00 Plzef, Czech Republic

tel.: +420 373 031 660, fax: +420 373 031 662, e-mail: info-ez@etd-bez.cz Total sheets: 5

Test Report
AP_EZ/2016/045/01/EN

Customex: BEZ TRANSFORMATORY a.s.
Rybniéna 40
835 54 Bratislava
Tested object: Transformer TOHn 378/10, s.n. 0361503
[Cest take over date: September 23" 2016
Test realization date: September 27, 2016
Test identification No.: 365-302-1624 Evidentiary No: 48/2016 .
Order No: B06/4500006720

Testing methods, regulations:

ACCREDITED TESTS ACCORDING TO SOP_EZ/2, 4, 6 and 8:

(SN EN 60076-1, Clause 11.2 Measurement of winding resistance

(SN EN 60076-1, Clause 11.4 Measurement of short-circuit impedance and load loss
CSN EN 60076-1, Clause 11.5 Measurement of no-load loss and current

Test results: In the text,

Enclosures: -

Petr Sima
Electrical Testing Laboratory Director

Test Report is issued in 3 copies —2 are obtained by the customer and 1 is kept in the Laboratory. '

Test Report is issued for the customer in electronic form too.
Methods used in testing are specified in the Qualify Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the

InPlzei, 30™ September 2016

respective standards. The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Tested object

Qil-immersed transformer TOHn 378/10.
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Performed tests
Routine tests:
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¢ Measurement of winding resistance according to the Standard CSN EN 60076-1, Clause 11.2.
The test was carried out at tappings 1, 3 and 5 of the tested transformer.

¢ Measurement of short-circuit impedance and load loss according to the Standard
CSN EN 60076-1, Clause 11.4. The test was carried out at tappings 1, 3 and 5 of the tested

transformer.

¢ Measurement of no-load loss and current according to the Standard CSN EN 60076-1,
Clause 11.5. The test was carried out at main tap of the tested transformer.

Used apparatuses
Name

Digital multimeter

Digital multimeter

Isolating converters
Digital thermometer
Current transformer
Current transformer
Current transformer

Type

Fluke 189

Fluke 179

BB3652

GMH 3710

ABB Petercem EAI100
ABB Petercem EA100
ABB Petercem EA100

Filing No.

PMMm 263

PMMim 269 |
PMMp 254
PMMt 268
PMTr 92
PMTr 93
PMTr 94

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according fo the
respective standards, The presented test results are in relation to the subject of these tests only, The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Measurement of winding resistance
Description

_ The measurement of winding resistance was performed according to the Standard
CSN EN 60076-1, Clause 11.2.3, Measurement was catried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state,

Winding resistances each of above mentioned tappings were measured with DC current, with
Ohm’s method, between terminals of each phase on HV side of transformer and between node and
terminal of respective phase on LV side of tested transformer. The mean temperature of cooling liquid
(temperature of transformer winding) was measured during the test. Temperature was 22.1 °C.
Resulting value of the resistance was recalculated to 75 °C.

Results
Resistances of fransformer winding are noted in Tab. 1.

t ' Side of Tap.. Terminal L Before type and spelcial tests
ransformer . ‘ Riseasurea () Ry (Q)

TU_1V | 1.263367322 | 1523906108

+ 51%) TU—1W | 1.261630071 | 1.521810591

[ 1V_1W | 1264324863 | 1.525061119

TU—1V | 1.189650004 | 1434987471

Hvy (03:%) 1U—1W | 1.186356280 | 1431013412

1V —1W | 1.189263079 | 1.434519668

TU—1V | 1.114140538 | 1.343904929

(. 55%) U~ 1W | 1112359551 | 1341756656

1V_1W | 1.114562624 | 1.344414060

2n—2u | 0.001058774 | 0.001276623

1V 2n—2v | 0.001091545 | 0.001316137

2n—2w | 0.001083715 | 0.001306696

Tab. 1: Resistances of transformer winding.

Measurement of short-circuit impedance and Joad loss

Description

_ Measurement of short-circuit impedance and load loss was performed according to the Standard
CSN EN 60076-1, Clause 11.4. The test was carried out at tappings 1, 3 and 5 of the tested
transformer in temperature steady state.

Voltage was applied to HV terminals of the transformer, LV ferminals were short circuited. Supply
current of 50 Hz was ca. 28 A. Temperature was 22.3 °C.

Measured values of short-circuit impedance and load loss were corrected for the reference
temperature 75 °C. '

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation o the subject of these tests only. The Test Report may be reproduced only as a whale.
In case of discrepancies the Czech version of the Test Report takes precedence,
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Resulfs

Measured values of short-circuit impedance and load loss are noted in Tab. 2.

ZaA Pk
Tapping 1(+5%)]3(0%) ] 5(-5%)
Zoneasured (( Q) 7.29 6.52 5.73
Z15(Q) 733 6.57 5.79
APkmeasurcd(W) 4 468.19 5381.09 6 461.08
APi7s (W) 5427.18 | 6308.32 | 7356.14

Tab. 2: Values of the short-circuit impedance and load loss.

Measurement of no-load loss and currents
Description

_ Measurement of no-load Josses and currents was performed according to the Standard
CSN EN 60076-1, Clause 11.5. The test was carried out at main tap of the tested transformer in
temperature steady state.

Supply voltage was applied to LV terminals of the transformer; HV terminals were no-loaded.

Supply voltage during the measurement was sct to 90 %, 100 % and 110 % of rated voltage U,.

Resuits

Measured values of no-load losses and currents are noted in tab. 3 and 4.

90 % U, 100% U, | 110% U,
_ (208V) | (231V) | (254V)
AP (W) 444.2 591.4 799.9
Tab. 3: Values of the no-load losses.
90 % U, 100% U, | 110% U,
(208V) | (231V) | (254V)
Li(A) 1.3038 2.3427 7.1113

Tab. 4: Values of the no-load currents.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to tiie subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence,
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o HARGDKE AKREOIFACHI ORGAN
EA MLA Signatory
Ceslef nstitut pro akreditaci, o.p.s.
Olsanskd 34/3, 130 00 Praha 3

issues

according 1o section 16 of Act No. 21897 Coll., en techiicnl requinements far producty, as smended

CERTIFICATE OF ACCREDITATION

No. 660 /2015

ETD TRANSFORMATORY a.s,
with registered office Zborovska 54722, 301 00 Plzefi, Company Registration No. 25137808

12 the Testing Laboralory No. 1526
ELECTRICAL TESTING LABORATORY

Seape of acereditation:
Electrical and air-liandling testing and measuring of induslrial equipment {o the exten as specificd in
the appendix 1o this Certificate,
ihis Cenifiente of Accraditalion 35 o prool of Accredilotion issued on the basis of assessment of falfilheent of the

eccreditation ¢riterla in acvordrnes with

CSN EN ISOARC 17025:2005 -

in its aciivitias performed within the st and for the peried of validity of fis Cedilicare. the Body Is entitled 1o eler to this
Ceifieate, provided thaf the seereditation {s not suspended and die Body meets the specified acereditasion requirements in
pevordance with she relevant reputnlions applicabie to the activily of an secredited Conformity Assessment Dody.

This Cestificate of Aceraditation replaces, 10 the Full extent, Centifleate No.: 42402014 of 13 July 2014, or any edminishintive
acls buflding upon b

The Centificate of Acereditstion is valid until: 1 July 2018

Prague: 21 Seqtember 2015

Jiri Rizicka
Dirsclor
Czech Acereditation Instilute
Public Service Company

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in relation to the subject of these tests only. The Test Report may be reproduced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.






