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ZaAP,
Tapping 1(+5%) | 3(0%) | 5(-5%)
ZLineasured (2 ) 44.52 40.24 35.60
Z3s (Q) 44.93 40.71 36.17
APy measured (W) § 321776 | 3871.41 | 4650.32
APy (W) 3953.37 | 4570.21 | 534273

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 cutrents 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 L'V 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,
(208 V) (231 V) | (254V)
APy (W) 328.0 421.4 546,6
Tab. 3: Values of the no-load losses.
90 % U, 100% U, | 110% U,
, (208V) (231V) | (254V)
Iol( A) 1.0247 1.1057 1.4079

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

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 precedeitce.
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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 L'V 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. 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 fo 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 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) 5022,3W 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'=1155 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 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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Fig. 1: Measuring stand.

G Generator 800 kKVA, A% generator breaker,
r auxiliary transformer, B shunt for current measurement,
Z tested transformer.

Fig, 2: Testing power circuit for the temperature rise test.
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B;, B;  shunts for current measurement, R stabilizing resistors.

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

Resuits

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 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:

0;=R2/Ry- (235+01)-235

@ — temperature at the end of the test; @~ temperature before the test; Ry — resistance of th
at the end of the test; Ry — resistance of the winding before the test. Ny

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,

winding

Final results of temperature rise test are presented in tab. 5.
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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 windings on the side of
LV terminals after the temperature rise test.
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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 HV side 63.4 65 Passed
rise of the winding LV side 64.8 65 Passed
Tab.5: Temperature 1rise 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.

Interpretation of the test results:

It is possible to certify according to the Standard CSN EN 60076-2 ed.2, Clause. 7.11
wUncertainties 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
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,
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Full wave lightning impulse test (L)
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 d.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 additional
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: 99.33 kPa,
¢ temperature: 19.5 °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 tested transformer passed the
lightning impulse tests (LI).

Methods used in testing are specified in the Quality Manual of the Flectrical Testing Laboratory and satisfy the precision requirernents 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,
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Fig. 6: Lighting impulse test.
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Fig. 8: Lighting impulse test.
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Test Report
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Customer: BEZ TRANSFORMATORY a.s.
Rybni¢na 40
835 54 Bratislava
Tested object: Transformer TOHn 379/22, s.n. 0363137
Test take over date: September 23", 2016
Test realization date: September 29" | 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

C'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

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  Full wave lightning impulse test (LI)

Test results: In the text. (
y
Enclosures: -- _' : : (// (0 e
.. :' {
In Plzefi,  30™ September 2016 Peir 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 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,

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 resulés are in relation to the subject of these tests only. The Test Report may be repreduced 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 af 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 IV side with negative wave 150 kV.

Used apparatuses

Name Type Filing Ne.

Digital multimeter Fluke 189 PMMin 263

Digital multimeter Fluke 179 PMMm 269

Digital osciiloscope 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 {akes precedence.
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Measurement of winding resistance
Description
The measutement 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 22.4 °C.
Resulting value of the resistance was recalculated to 75 °C,

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

Side of Tap. Terminal L B.efoi'fa type and special tests
transformer | ] Rugura (0 Ry (D) -

1U—-1V | 5413261123 | 6.5194675353

(+ 51%) 1U—-1W | 5419628383 | 6.527135970

1V-1W | 5430576016 | 6.540320765

1U-1V | 5125074746 | 6.172389943

HY (0?:%) 1U-—1W | 5.133326675 | 6.182328164

1V~ 1W | 5.142458309 | 6.193325858

1U-1V | 4.840437458 | 5.829586682

(- 55%) 1U—-1W | 4.847244409 | 5.837784642

IV—-1W | 4857349674 | 5.849954930

2n—2u | 0.001054948 | 0.001270528

Lv 2n—2v | 0.001087017 | 0.001301563

2n-2w | 0.001103326 | 0.001328792

Tab. 1: Resistances of transformer winding.

Measurement of short-circuit impedance and load loss T
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, L'V terminals were short circuited. Supply
current of 50 Hz was ca. 10 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 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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ZaA Pk
Tapping 1(+5%)[3(0%) ] 5(-5%)
Zneasurcd ( ) 28.34 25.14 22.31
Z15(Q) 28.54 25.38 22.60
A Pkmea_gured (W) 4 619;76 5 524.28 6 631.54
APyrs (W) 563777 | 649530 | 7594.04

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 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) | 4482 586.2 813.1

Tab. 3: Values of the no-load Iossés.

90 % U, | 100%U, | 110% U, (
| (208V) | (231v) | (254 V)
L(A) 1.0504 16423 | 65117

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 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,




& "w"‘ n,
ETD TRANSFORMATORY a.s, Test Report No.: AP_EZ2016/050/01/EN N2 a‘
ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: 5 Total sheets: 13 _‘f/_—\\\: A
Accredited Testing Laboratory No. 1526  Customer: BEZ TRANSFOMATORY, Rybniénd 40, 835 54 Bratistava - L1526

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 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) 7038,3 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 fest the transformer was loaded by its nominal current
1 =18.19 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 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 discrepancics the Czech version of the Test Report takes precedence.
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Fig. 1: Measuring stand.

G vV P B Z

VN
G Generator 800 kVA, v generator breaker,
P auxiliary transformer, B shunt for cuirent measurement,
Y/ tested transformer,
Fig. 2: Testing power circuit for the temperature rise test. f(
R Z . R
i i —t . 1
| 7 o N —
\ T
: o 3E :
B ! i ‘ B
‘ N L —
—H ; 5 +
\ A J e Yy
I U U I
Z Tested transformer, S, 5, stabilized source of DC,
By, B,  shunts for current measurement, R stabilizing resistors. (
l\

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

Results

The test lasted 11.4 hours and it was finished according to Standard CSN BN 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, ate 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+©;)—235

0, - 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 Quafity 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. 3: Examples of temperature during the test. ’
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Fig. 4: 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 39.3 60 Passed
Middle temperature rise of the oil 32.15 = e
Middle temperature HV side 64.2 65 Passed
rise of the winding LV side 63.6 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
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 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 (L)
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% 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),
e 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:

¢ atmospheric pressure: 100.33 kPa,
s temperature: 18.7 °C.
Results (

N
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 tested transformer passed the
lightning impulse tests (LI).

Methods used in testing are specified in the Quality Manual of the Flectrical Testing Laboratory and satisfy the precision requirements according to the
respective standards, The presented test results are in relation to the subjeet 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. §: 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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Test Report
AP_EZ7/2016/051/01/EN

Customer: BEZ TRANSFORMATORY a.s.
Rybniénd 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

365-302-1624

Test identification No.:
iOrder No:

Evidentiary No: 48/2016 (

B06/4500006720 |

Testing methods, regulations:

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

CSN EN 60076-1, Clause 11.2
CSN EN 60076-1, Clause 11.4
CSN EN 60076-1, Clause 11.5
CSN EN 60076-2 ed.2

CSN EN 600763 ed.2, Clause 13.2

Measurement of winding resistance
Measurement of short-circuit impedance and Ioad loss
Measurement of no-load loss and current

Power transformer — Part 2;
Temperature rise for liquid-immersed transformers
Full wave lightning impulse test (LI)

Test results: In the text. (
s
Enclosures: - .
s
InPlzeli,  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.

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 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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Tested object

Oil-immersed transformer TOHn 389/22.
R

= VACHO « GHEV [H0)
faoma v recopcn [ 20t6 | 0540 IR0

Performed tests
Routine tests:

e 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.

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.

e 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 Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective standards. The presented test results are in refation to the subject of these tests ondy. 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:

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 abparatuses

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 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 festing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respeotive standards. The presented test results arc 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
C'SN 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 Tap | Terminal Be.fore type and special tests
transformer | Ropeasurea (€ Ry ()

i 1U-1V | 4130217695 | 4.9723009135

(+5%) 1U-1W | 4.122274221 | 4.962737897

1V—-1W | 4.131014447 | 4.973260110

5 1U-1V | 3.907538807 | 4.704221476

HY © %) 1U-1W | 3.898721044 | 4.693605917

1V—1W | 3.905860784 | 4.702201332

1U-1V § 3.686047671 | 4437571954

(- 55%) 1IU—-1W | 3.678689180 | 4.428713187

1V-1W | 3.686406004 | 4.438003344

LV 2n—2u | 0.000788773 | 0.000949591

2n—2v | 0.000777999 | 0.000936620

2n—-2w | 0.000799017 | 0.000961923

Tab. 1: Resistances of transformer winding.

Measurement of short-circuit impedance and load loss

{/
¥
03? K\

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. 13 A. Temperature was 22.7 °C.

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

Description

Resulifs

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

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 resulis are in relation to the subject of these tests only. The Test Report may be reproduced only as a witole.
Tn case of discrepancies the Czech version of the Test Report takes precedence.
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ZaA Pk
Tapping 1(+5%)[3(0%) | 5(-5%)
Zmeasured { £ ) 32.70 28.82 25.49
Z7s () 32.79 28.94 25.62
A Py measured (W) | 574595 | 6885.53 | 8291.65
APyrs (W) 6900.20 | 7998.12 | 9372.92

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 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.

Resuilts

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) 478.1 643.8 $69.4
Tab. 3: Values of the no-load losses.
90%U, | 100%U, | 110 % Us
(208V) | (231V) | (254V)
T (A) 1,0976 17373 | 6.5700

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 connecfed 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 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. 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 transformer was loaded by a current (slightly higher than the nominal one)
which generated the total losses (no-load losses plus short-circuit losses) 8631,1 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
1=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.

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and safisfy 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 diserepancies the Czech version of the Test Report takes precedeice.



‘\awu -
ETD TRANSFORMATORY a.s, Test Report No.: AP_EZ20160STOLEN SN

ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: 6 Total sheets: 13 ;’///—/ﬁ“\\\: A
Accredited Testing Laboratory No, 1526 Customer; BEZ TRANSFOMATORY, Rybnitn4 40, 835 54 Bratislava B L 1526
Fig. 1: Measuring stand.
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G Generator 800 kKVA, v generator breaker,
P auxiliary transformer, B shunt for current measurement,
Z tested transformer.
Fig. 2: Testing power circuit for the temperature rise test. (
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Fig. 5: Circuit for resistance measurement, arrows shows the connection to the measuring systen.

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:

0,=Ry/R; - (235 + ) —-235

O — 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.

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

Methods used in testing are specified in the Quality Manuat of the Electrical Testing Laboratory and satisfy the precision requirements according 1o 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 precederce,
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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 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 - -- /Lf/
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 Laberatory and satisfy the precision requirements according to the
respective 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.



ETD TRANSFORMATORY a.s. ‘Test Report No.: AP_EZ2016/05101EN SN,

ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Shest: 8 Total sheets: 13 ;’,//-"‘—-\\: A
KA

Accredited Testing Laboratory No. 1526  Customer: BEZ TRANSFOMATORY, Rybnitna 40, 835 54 Bratislava I L 1526

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 (L)
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*3°%/50 ps*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:

e 1 reference impulse (50 — 70% U),
s 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:

* atmospheric pressure: 100.2 kPa,
s temperature: 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 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 tested transformer passed the
lightning impulse tests (LI).

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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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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Test Report
AP_EZ7/2016/057/01/EN

Customer: BEZ TRANSFORMATORY a.s.

Rybni¢né 40

835 54 Bratislava
Tested object: Transformer tank TOHn 388/22, d.n. 608 414/9
Test take over date: December 2™, 2016
Test realization date: December 6™, 2016
Test identification No.: 365-302-1628 Evidentiary No: 56/2016
Order No: B06/4500006731

Testing methods, regulations:

TESTS ACCORDING TO
C'SN EN 50464-4 Requirements and tests concerning pressurized corrugated tanks
Test results: In the text.
Enclosures: - ‘/,1 \.
e
(€
InPlzeti, 7™ December 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.
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Tested object

Corrugated tank for hermetically sealed oil-immersed transformer TOHn 388/22, drawing no. 608 414/9,
The tests were performed in factory BEZ TRANSFORMATORY a.s., supervised by representative of
ETD testing laboratory.

Performed tests (
Special tests:

¢ Tank cyclic endurance test according to the Standard CSN EN 50464-4, Clause 4.3
 Tank static leakage test according to the Standard CSN EN 50464-4, Clause 4.4

Used apparatuses

Name Type / Filing No.

Stopwatch 0280002584

Monitoring system Comet MS5 + PT1000 + manometer
Testing system Cyclic testing machine

Tank cyclic endurance test

Description
(
RATING VALUES OF TRANSFORMER TANK AND INTTIAL PARAMETERS FOR THE
: TEST START
Transformer tank drawing no. 608 414/9
Qil weight 350 kg
Initial oil volume in tank Vo 389 dm’
Initial tank oil temperature Tg 20,1 °C
Volume expansion coefficient o 0,00075 X' [mineral oil]
Oil volume added to tank AV"=V,0(88-Ty) 19,8 dm’
Oil volume extracted from tank AV+=V0(I(T0+25) 13,2 dm
Max. allowed added oil volume after endurance test | [3%] 11,7 dny’®

The above calculated volume of oil (calculated according to the Standard C'SN EN 50464-4, Clause
3.3) was added or exfracted from the transformer tank and the corresponding overpressure (p*) or
underpressure (p°) was measured on the tank cover.

The oil temperature during the testing was the same as the initial tank oil temperature (£3°C
according to the Standard CSN EN 50464-4, Clause 4.2).

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 discrepancies the Czech version of the Test Report takes precedence,
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CYCLIC ENDURANCE TEST START

Date / Time 02.12.2016 13:09
Initial Pressure in relaxed tank state Po 1012 mbar
Initial oi! height in the testing machine hg 560 mm
Initial oil volume in the testing machine Vu 29,8 dm’
1 cycle duration | 123 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).

[] T~ OIL VOLUME MEASUREMENT ~ OIL PRESSURE MEASUREMENT

OIL TEMPERATURE MEASUREMENT

1 [

TESTING DEVICE CONNECTION N /
Jf'/
CYCLIC ENDURANCE TEST FINISH
Date / Time 05.12,2016 12:28
No. of cycles 2000
Oil temperature at the end of the test T, 19,7 °C
0il volume in testing machine after the test V, 23,2 dm’®
Qil volume added to the tank Vu-V, 6,6 dm’
Pressure in relaxed tank state at the end of the test P 1012 mbar
Max. pressure during the test Pmax 1179 mbar

Methods used in testing ars 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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Transformer tank 608 414/9

No. of cycles
===Qverpressure ===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.

‘ L STATIC LEAKAGE TEST :
Test pressure Pr=1,2(Dmax-Po)Po 1212 mbar
Date / Time Start 05.12.2016 13:4"
Date / Time End 06.12.2016 13:5b
Test pressure Start 1220 mbar
Test temperature Start 19,8 °C
Test pressure End 1218 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 enly. 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

Zborovska 54122, Doudlevee, 301 00 Plzeii, Czech Republic

tel.: +420 373 031 660, fax: +420 373 031 662, e-mall: info-ez@etd-bez.cz Total sheets: 3

Test Report
AP EZ/2016/054/01/EN

Customer; BEZ TRANSFORMATORY a.s.

Rybni¢n4 40

835 54 Bratislava
Tested object: Transformer tank TOHn 318/22, d.n. 608 426/2
Test take over date: November 22" , 2016
Test realization date: November 26" , 2016
Test identification No.: 365-302-1628 Evidentiary No: 56/2016
Order No: B06/4500006731

Testing methods, regulations:

TESTS ACCORDING TO
CSN EN 50464-4 Requirements and tests concerning pressurized corrugated tanks
Test results: In the text.

A

/A1
Enclosures: - 5 \’
‘ ( e e

InPlzed, 28" November 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.
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Tested object

Corrugated tank for hermetically sealed oil-immersed transformer TOHn 318/22, drawing no. 608 426/2.
The tests were performed in factory BEZ TRANSFORMATORY a.s., supervised by representative of
ETD testing laboratory.

Performed tests (
Special tests:

o Tank cyclic endurance test according to the Standard CSN EN 50464-4, Clause 4.3
¢ Tank static leakage test according to the Standard CSN EN 50464-4, Clause 4.4

Used apparatuses

Name Type / Filing No.

Stopwaich ' 0280002584

Monitoring system Comet MSS5 + PT1000 + manometer
Testing system Cyclic testing machine

Tank cyclic endurance test

Description
(
RATING VALUES OF TRANSFORMER TANK AND INITIAL PARAMETERS FOR T HE"
, TEST START
Transformer tank drawing no. 608 426/2
Oil weight 150 kg
Initial oil volume in tank Vo 167 dm®
Initial tank oil temperature To 19,7 °C
Volume expansion coefficient o 0,00075 K [mineral oil]
Oil volume added to tank AV =V0(88-Tq) 8,6 dm’
0il volume extracted from tank AV '=Voa(To+25) 5,6 dm®
Max. allowed added oil volume after endurance test | [3%] 5 dm’

The above calculated volume of oil (calculated according to the Standard CSN EN 50464-4, Clause
3.3) was added or extracted from the transformer tank and the corresponding overpressure (p*) or
underpressure (p) was measured on the tank cover.

The oil temperature during the testing was the same as the initial tank oil temperature (£3°C
according to the Standard CSN EN 50464-4, Clause 4.2).

Methods used in testing are specified in the Quality Manual of the Elecirical Testing Laboratory and satisfy the precision requirements according to the
Tespective standards. The presented test results are in relation to the subject of these fests 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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CYCLIC ENDURANCE TEST START
Date / Time 22.11.2016 09:58
Initial Pressure in relaxed tank state Po 1013 mbar
Initial oil height in the testing machine hy 350 mm
Initial oil volume in the testing machine Vu 18,6 dm’
1 cycle duration | 123 s

The tank endurance test was performed according to the Standard CSN EN 50464-4, Clause 4.3.
2000 cyeles 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).

[] T OIL VOLUME MEASUREMENT ~ OIL PRESSURE MEASUREMENT

OIL TEMPERATURE MEASUREMENT

I

TESTING DEVICE CONNECTION

CYCLIC ENDURANCE TEST FINISH

Date / Time 25.11.2016 09:36
No. of cycles 2000
Oil temperature at the end of the test T, 19,2 °C
0Oil volume in testing machine after the test V., 15,4 dm’
Oil volume added to the tank Vu- V. 3,2 dm’
Pressure in relaxed tank state at the end of the test Pz 1013 mbar
Max. pressure during the test Pmax 1196 mbar

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and salisfy the precision requirements according to the
respective standards. The presented test results are in refation 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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Transformer tank 608 426/2
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Tank static leakage test

Description

The tank static leakage test was petformed 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 Pr=1,2(Pmax-Po)+po 1233 mbar
Date / Time Start 25.11.2016 10:23
Date / Time End 26.11.2016 10:37
Test pressure Start 1236 mba
Test temperature Start 19,6 °C
Test pressure End 1234 mbar
Test temperature End ' 19,7 °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 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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ELEKTROTECHNICKA ZKUSEBNA

Zborovska 54/22, Doudlevce, 301 00 Plzeii, Czech Republic

tel.: +420 373 031 660, fax: +420 373 031 662, e-mail: info-ez@etd-bez.cz Total sheets: 3

Test Report
AP_EZ/2016/055/01/EN

lCustomer: BEZ TRANSFORMATORY a.s.
' Rybni¢n4 40
835 54 Bratislava
Tested object: Transformer tank TOHn 358/22, d.n. 609 971/2
Test take over date: November 25 , 2016
Test realization date: November 29" , 2016
Test identification No.: 365-302-1628 Evidentiary No: 56/2016
Order No: B06/4500006731

Testing methods, regulations:

TESTS ACCORDING TO
CSN EN 50464-4 Requirements and tests concerning pressurized corrugated tanks
Test results: In the text.
Enclosures: -~ - o /
(¢
{
In Plzefi,  01% December 2016 Petr Sfma

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 Manval 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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Tested object

Corrugated tank for hermetically sealed oil-immersed transformer TOHn 358/22, drawing no. 609 971/2.
The tests were performed in factory BEZ TRANSFORMATORY a.s., supervised by representative of
ETD testing laboratory.

Performed tests (
Special tests:

* Tank cyclic endurance test according to the Standard CSN EN 50464-4, Clause 4.3
* Tank static leakage test according to the Standard CSN EN 50464-4, Clause 4.4

Used apparatuses

Name Type / Filing No.

Stopwatch 0280002584

Monitoring system Comet MS5 + PT1000 + manometer
Testing system Cyclic testing machine

Tank cyclic endurance test

Description
_ (
RATING VALUES OF TRANSFORMER TANK AND INITIAL PARAMETERS FOR THE"
TEST START '

Transformer tank drawing no. 609 971/2
Qil weight 200 kg
Initial oil volume in tank Vo 223 dm’
Initial tank oil temperature Ty 19,2 °C
Volume expansion coefficient a 0,00075 K" [mineral oil]
Oil volume added to tank AV'=V0(8 8-To) 11,5 dm’
Qil volume extracted from tank AV =V (Ty+25) 74 dm’
Max. allowed added oil volume after endurance test | [3%] 6,7 dm’

The above calculated volume of oil (calculated according to the Standard CSN EN 50464-4, Clause
3.3) was added or extracted from the transformer tank and the cortesponding overpressure (p*) or
underpressure (p’) was measured on the tank cover.

The oil temperature during the testing was the same as the initial tank oil temperature (£3°C
according to the Standard CSN EN 50464-4, Clause 4.2).

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 wihole,
In case of discrepancies the Czech version of the Test Report takes precedence.
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CYCLIC ENDURANCE TEST START

Date / Time 25.11.2016 12:52
Initial Pressure in relaxed tank state Po 1012 mbar
Initial oil height in the testing machine hg 404 mm
Initial oil volume in the testing machine Va 21,5 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

OIL TEMPERATURE MEASUREMENT

/R S
T

TESTING OEVICE CONNECTION

CYCLIC ENDURANCE TEST FINISH

Date / Time 28.11.2016 12:34
No. of cycles 2000
Oil temperature at the end of the test T, 19,6 °C
Qil volume in testing machine after the test \A 17,5 dm’
0il volume added to the tank Vu-V, 4 dm’
Pressure in relaxed tank state at the end of the test Dz 1012 mbar
Max. pressure during the test Prex 1189 mbar

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requiretnents 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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Accredited Testing Laboratory No. 1526  Customier: BEZ TRANSFOMATORY, Rybni&n4 40, 835 54 Bratislava

Transformer tank 609 971/2
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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.

' e _ STATIC LEAKAGE TEST - ' :
Test pressure Pr=L.2(Pmax-Po)Po 1224 mbar
Date / Time Start 28.11.2016 13:1”
Date / Time End 29.11.2016 13:2,
Test pressure Start 1237 mbar
Test temperature Start 19,8 °C
Test pressure End 1234 mbar
Test temperature End 19,6 °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 preciston 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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Test Report
AP_EZ/2016/056/01/EN

Customer: BEZ TRANSFORMATORY a.s.

Rybnié¢né 40

835 54 Bratislava
Tested object: Transformer tank TOHn 378/22, d.n. 610 022/4
Test take over date: Ndvember 29% 2016
Test realization date: December 39, 2016
Test identification No.: 365-302-1628 Evidentiary No: 56/2016
Order No: B06/4500006731

Testing methods, regulations:

TESTS ACCORDING TO
CSN EN 50464-4 Requirements and tests concerning pressurized corrugated tanks
Test results: In the text.
L

Enclosures: -- _

Y

(e e

InPlzefi, 5" December 2016 Petr Sfma

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 requivements according o 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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Tested object

Corrugated tank for hermetically sealed oil-immersed transformer TOHn 378/22, drawing no. 610 022/4,
The tests wete performed in factory BEZ TRANSFORMATORY a.s., supervised by representative of
ETD testing laboratory.

Performed tests (
Special tests:

¢ Tank cyclic endurance test according to the Standard CSN EN 50464-4, Clause 4.3
o Tank static leakage test according to the Standard CSN EN 50464-4, Clause 4.4

Used apparatuses

Name Type / Filing No.

Stopwatch 0280002584

Monitoring system Comet MS5 + PT1000 + manometer
Testing system Cyclic testing machine

Tank cyclic endurance test
Description

[
RATING VALUES OF TRANSFORMER TANK AND INITIAL PARAMETERS FOR THE

TEST START
Transformer tank drawing no. 610 022/4
Oil weight 210 kg
Initial oil volume in tank Vo 234 dm’
Initial tank oil temperature To 19,7 °C
Volume expansion coefficient 0 0,00075 K™' [mineral oil]
Oil volume added to tank AV'=Vya(88-Tp) 12 dm’
Oil volume extracted from tank AV =Voa(T¢+25) 7,8 dm’
Max. allowed added oil volume after endurance test | [3%] 7 dm’

The above calculated volume of oil (calculated according to the Standard CSN EN 50464-4, Clause
3.3) was added or extracted from the transformer tank and the corresponding overpressure (p') or
underpressure (p’) was measured on the tank cover,

The oil temperature during the testing was the same as the initial tank oil temperature (£3°C
according to the Standard CSN EN 50464-4, Clause 4.2).

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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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).

[ ] \ OIt VOLUME MEASUREMENT Ol PRESSURE MEASUREMENT

OIL TEMPERATURE MEASUREMENT

[

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
0il volume in testing machine after the test V., 17,8 dm’
Oil volume added to the tank V-V, 4,2 dm’
Pressure in relaxed tank state at the end of the test P 1013 mbar
Max. pressure during the test Pmax 1182 mbar

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 a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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Transformer tank 610 022/4
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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.

o , STATIC LEAKAGE TEST = . _
Test pressure Pr=L,2(Pmax-Po) HPo 1216 mbar
Date / Time Start ' 02.12.2016 10:4~
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 a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.
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tel.: +420 373 031 660, fax: +420 373 031 662, e-mail: info-ez@etd-bez.cz Total sheets: 14

Test Report
AP EZ/2016/047/01/EN

ustomer: BEZ TRANSFORMATORY ass.
Rybni€né 40
835 54 Bratislava
hested object: Transformer TOHn 319/22, s.n. 0361960
est take over date: September 23" , 2016
est realization date: September 26™ , 2016
est 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:

C'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:

. 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.
r/-
/’1‘. .
[/}/// P
Enclosures: -
InPlze#i,  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 eiectronic 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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Tested object
Oil-immersed tran_sformer TOHn 319/22.

"y

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 CSN EN 60076-1,
Clause 11.5. The test was carried out at main tap of the switch P1 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 results are in refation 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:

e 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.
o 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

Digital multimeter

Digital multimeter

Digital oscilloscope
Digital oscilloscope
Isolating converters
Mercury thermometer
Digital thermometer
Current transformer
Current transformer
Current transformer
Three-phase power analyzer
Power analyzer

Impulse Analyzing System

Type

Fluke 189

Fluke 179

AT DSO7034A
Keysight DSO-X 4034A
BB3652

from 0°C to 50°C
GMH 3710

ABB Petercem EA100
ABB Petercem EA100
ABB Petercem EA100
D6100

Norma 5000

HiAS 743

Filing No.

PMMm 263
PMMm 269
PMMo 265
PMMo 270
PMMp 254
PMMt 239
PMMt 268
PMTr 92
PMTrt 93
PMTr 94
PMWa 19
PMWa 27
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 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 - ’i‘ap Terminal Beft‘Ji'e:type a_nd._.s.pn.éci‘al_ tests (
transfoymer : Rueasured (@) | Ros (Q)
i 1U-1V | 36.53001464 | 44.02917783
(+5%) 1U-1W ] 36.60274932 | 44.13853922
1V-1W | 36.58698981 | 44.08071062
3 1U-1V | 34.60412508 | 41.70792681
HYV (0 %) 1U-1W | 34.71354513 | 41.83980945
1V —-1W | 34.68085106 | 41.78415791
1U -1V | 32.73462354 | 39.45463957
(- 55%) 1U~1W | 32.81904635 | 39.54101970
1V —1W | 32.79462623 | 39.51159787
Ly 2n—2u | 0.004330360 { 0.005209203
2n—2v | 0.004199683 | 0.005052005
2n—2w | 0.004212380 | 0.005067280

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 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. 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 Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the

respoctive standards. The presented test results are in relation to the subject of these tests only, The Test Report may be repreduced only as a whole.
In case of discrepancics the Czech version of the Test Report takes precedence,
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ZaA Pk
Tapping 1(+5%)[3(0%) | 5(-5%
Zneasured ( ) 116.40 103.77 93.606
Zs () 117.86 105.42 95.52
A Py measured (W) | 157443 | 1864.00 | 2216.87
APy7s (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 losses 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 tetminals of the transformer; HV terminals were no-loaded.
Supply voltage during the measurement was set to 90 %, 100 % and 110 % of rated voltage Uy,

Results
Measured values of no-load losses and currents are noted in tab, 3 and 4.
' 90 % U, 100%U; | 110% U,
, (208 V) (231V) | (254V)
APy (W) 160.2 203.0 264.1
Tab. 3: Values of the no-load losses.
90 % U, 100% U, | 110% U,
(208V) (231V) | (254V)
Li(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 reprodiuced only as a whole.
In case of discrepancies the Czech version of the Test Report takes precedence.



ETD TRANSFORMATORY a.s. Test Report No.: AT_EZ/2016/047/01/EN :_\__\\'i///‘
ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: 5 Total sheefs: 14 ‘,/j;_\f;\/—\: A
Accredited Testing Laboratory No. 1526  Customer: BEZ TRANSFOMATORY, Rybnitné 40, 835 54 Bratislava L 1628

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 elecirical stabilization of the measuring circnit. 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 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 transformer was loaded by a cutrent (slightly higher than the nominal one)
which generated the total losses (no-load losses plus short-circuit losses) 24144 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=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.

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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Fig. 1: Measuring stand.

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
I
—1 _ . —
i o . r { I
| -/ i i N
sl ¥ s:
)
B, , ! i B
S N | o
L ; ! —
vy Lk \ A /
I U U I
y/ Tested transformer, S, S, stabilized source of DC,
By, 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, 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+0)—235

®,— temperature at the end of the test; @; — temperature before the test; Rz — 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 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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0
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Fig. 3: Examples of temperature during the test.
19,9
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Fig. 4: Time development of interlaced and extrapolated resistances of the windings on the side of

LV 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
respective 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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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 HYV side 58.7 65 Passed
rise of the winding LV side 50.8 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,

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 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 discrepaneies the Czech version of the Test Report takes precedence.
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Full wave lightning impuilse 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**** 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 tetrminal 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 t\\f
interconnected phase terminal to the ground. )

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

e 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 Ne. 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 tested transformer passed the
lightning impulse tests (LI).

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 Repori 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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Test Report
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Customer: BEZ TRANSFORMATORY a.s.
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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 i

Testing methods, regulations:

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

CSN EN 60076-1, Clause 11,2
CSN EN 60076-1, Clause 11.4
(SN EN 60076-1, Clause 11.5
CSN EN 60076-2 ed.2

CSN EN 60076-3 ed.2, Clause 13.2

Measurement of winding resistance
Measurement of short-circuit impedance and load loss
Measurement of no-load loss and current

Power transformer — Part 2:
Temperature rise for liquid-immersed transformers
Full wave lightning impulse test (LI)

Test results: In the text. (
Enclosures: - S
InPlzent, 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.
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Tested object

Qil-immersed transformer TOHn 359/22,
, - BEZ TRANSFORMATORY .-
o BRATISLAVA SLOVAKIA -
T Ce EN_60076-1

[owmznass v (6 s
[aiom v sooavelow)  sem[ 2]

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.

o Measurement of short-citcuit 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.

e 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. / /

A
v
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Type tests:

e 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.

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

Digital multimeter

Digital multimeter

Digital oscilloscope
Digital oscilloscope
Isolating converters
Mercury thermometer
Digital thermometer
Current transformer
Current transformer
Current transformer
Three-phase power analyzer
Power anaiyzer

Impulse Analyzing System

Type

Fluke 189

Fluke 179

AT DSO7034A
Keysight DSO-X 4034A
BB3652

from 0°C to 50°C
GMH 3710

ABB Petercem EA100
ABB Petercem EA100
ABB Petercem EA100
D6100

Norma 5000

HIiAS 743

Filing No.

PMMm 263

PMMm 269

PMMo 265

PMMo 270

PMMp 254

PMMLt 239

PMMt 268 ( '
PMTr 92 '
PMTr 93

PMTr 94

PMWa 19

PMWa 27

176736

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

t Side of ' ;I‘ap Terminal - Before type and spe;gial tests
ransformer - Runessured () Rqs ()

1 1IU—-1V | 9.636676126 | 11.61045316

(+5%) 1U—-1W | 9.680634743 | 11.66341535

IV—-1W 1 9.660335285 | 11.63895817

1U-1V | 9.129011656 | 10.99880922

Hv (03:%) 1U-1W | 9.165738826 | 11.04305883

1IV—1W | 9.155209410 | 11.03037278

1U—~1V | 8.623641358 | 10.38992935

(- 55%) 1U—-1W | 8.662324251 | 10.43653524

1V-1W | 8.598903282 | 10.36012444

2n—2u | 0.001932286 { 0.002326247

LV 20-2v | 0.001916093 | 0.002307650

2n—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
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, L'V 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

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

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. Thie 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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ZaA Pk
Tapping T(+5%){3(0%) | 5(-5%)
Zmeasured ( ©2) 44.52 40.24 35.60
Z15 () 44.93 40.71 36.17
A Pxmeasured (W) | 3217.76 | 3871.41 | 4650.32
APy (W) 3935337 | 4570.21 | 534273

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 tap of the tested transformer in
temperature steady state. (

Supply voltage was applied to IV 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)
CAPy (W) 328.0 421.4 546,6
Tab. 3: Values of the no-load losses.
90%U, | 100%U, | 110 % U,
(208 V) | (231V) | (254V)
L(A) 1.0247 1.1057 | 14079

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 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. 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 fo 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 transformer 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 Elecirical 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.



iy ‘\\2'/‘."' s,
ETD TRANSFORMATORY a.s, Test Report No.: AP _EZN016/04901EN SN2 ;s &
{)

ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: 6 Total sheets: 14 ‘/“\:

Accredited Testing Laboratory No. 1526  Customer: BEZ TRANSFOMATORY, Rybnitna 40, 835 54 Bratislava ' L1526

Fig. 1: Measuring stand.

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
1 1
—te —e ]
[ L1 /] PN
1 T
: B :
B : b B
: \. E . E :/ '_2
i i | |
Yy 4 Yy
I u U 1
Z Tested transformer, 8, 8, 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.,

Resuilts

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 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 exfrapolated to the end of the temperature rise test. Recalculation between the
resistances of the winding to the temperatute was made by formula:

©;=Rz/ 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,

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 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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70

+ Temperature tise of
the upper layer of oil
of the transformer

a Temperature rise of
the lower layer of o1l
of the transformer

Temperature rise (K)

0 5 10 15
Time (hod)

Fig. 3: Examples of temperature during the test.

4,

Resistance (m)
g
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Loun

&
N
wh

0 5 10
Time (min)

t
Fig. 4: Time development of interlaced and extrapolated resistances of the windings on the side of
LV terminals after the temperature rise test.
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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 HV 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 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.

Interpretatlon 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 uncertamt](
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 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 ratio 20/0.4 kV. The test was
performed with standardized 1.2 ps*3°%/50 ps *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),
e 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:

¢ atmospheric pressure: 99.33 kPa,
¢ temperature: 19.5 °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 tested transformer passed the
lightning impulse tests (LI).

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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Fig. S: Lighting impulse test.
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Test Report
AP_EZ/2016/051/01/EN

Customer: BEZ TRANSFORMATORY a.s.
Rybniéna 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:

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

(SN EN 60076-1, Clause 11.4 Measurement of short-cirouit 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  Full wave lightning impulse test (LI)

Test results: In the text.

v e

Enclosures: -

InPlzefi, 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 aceording 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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Tested object
Qil-immersed transformer TOHn 389/22.

el

Y

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.

e Measurement of no-load loss and current according to the Standard CSN EN 60076-1,
Clause 11.5. The test was cartied 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 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:

e 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.

o 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

Digital multimeter

Digital multimeter

Digital oscilloscope
Digital oscilloscope
Isolating converters
Mercury thermometer
Digital thermometer
Current transformer
Current transformer
Current transformer
Three-phase power analyzer
Power analyzer

Impulse Analyzing System

Type

Fluke 189

Fluke 179

AT DSO7034A
Keysight DSO-X 4034 A
BB3652

from 0°C to 50°C
GMH 3710

ABB Petercem EA100
ABB Petercem EA100
ABB Petercem EA100
D6100

Norma 5000

HiAS 743

Filing No.

PMMm 263
PMMm 269
PMMo 265
PMMo 270
PMMp 254
PMMt 239
PMMt 268
PMTr 92
PMTrt 93
PMTr 94
PMWa 19
PMWa 27
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 Repost 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 § 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 Tﬁﬁ Terminal Befpre type and special feéts (
transformer. - Rupeasured ( Q) Rss( )
1U—-1V | 4130217695 | 4.972300915
(+ 51%) U~ 1W | 4122274221 | 4.962737897
IV—1W | 4.131014447 { 4,973260110
3 1U—-1V § 3.907538807 | 4.704221476
HY ©%) 1U - 1W | 3.898721044 | 4.693605917
IV—1W | 3.905860784 | 4.702201332
1U-1V | 3.686047671 | 4.437571954
(- 55%) 1U—-1W | 3.678689180 | 4.428713187
1V-—1W | 3.686406004 | 4.438003344
LV 2n—2u | 0.000788773 | 0.000949591
2n—2v | 0.000777999 } 0.000936620
2n—2w | 0.000799017 | 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 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
curtent 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 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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ZaA Pk
Tapping 1{(+5%) | 3(0%) [ 5(-5%)
Zmcasured ( £2) 32.70 28.82 25.49
Z35 () 32.79 28.94 25.62
A Py measurea (W) | 574595 | 6885.53 | 8291.65
APyr7s (W) 690020 | 7998.12 | 9372.92

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 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,
o (208V) (231V) (254V)
APy (W) 478.1 643.8 869.4
Tab. 3: Values of the no-load losses,
90 % Us 100% U, | 110% U,
(208V) (231 V) (254V)
Li(A) 1.0976 1.7373 6.5700

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

Methods used in testing are specified in the Qualily 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,




140,

ETD TRANSFORMATORY a.s. Test Report No.: AP_EZ201600SI0UEN o2,

ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: 5 Total sheets: 13 LR A
LA

Accredited Testing Laboratory Ne, 1526 Customer: BEZ TRANSFOMATORY, Rybnitna 40, 835 54 Bratislava ' L 1526

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
¢lectrical 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. 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 transforme(x
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 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 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=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.

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 discrepancics 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 shunt for current measurement,
VA tested transformer,
Fig. 2: Testing power circuit for the temperature rise test.
R Z . R
— . — i
L1 7 E TN\ I
! i
Sl H }Ig : 5,
4 1
B - : ) L B
— N i :
— ] ‘
\ A ; o \A i
I U U 1
A 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:

®:=R2/ Ry (235+01)-235

©,— temperature at the end of the test; @, — temperature before the test; R, ~ résistafce of the winding
at the end of the test; Ry — resistance of the winding before the test.
;" /!/1/ \
E ]

Methods used in testing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the Lfecision Téquirements 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 Repont takes precedence.

Final results of temperature rise test are presented in tab, 5.
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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 windings on the side of

10

15

Time (min)

LV terminals after the temperature rise test,

20

25
(

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 321 -- -
Middle temperature HV side 62.7 65 Passed
rise of the winding LV side 48.3 65 Passed
Tab.5: Temperature rise above ambient femperature, calculated Standard

CSN EN 600762 ¢d.2. Uncertainty of temperature rise is maximally 1.2 K for oil
measuring and 3.0 X 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
respective standards. ‘The presented test results are in retation 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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Interpretatlon 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 (L)
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 +0%50) I% *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 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: 100.2 kPa,
e temperature: 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 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 tested transformer passed the
lightning impulse tests (LI).
(/ﬁl} 7
IA
|

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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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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CSN EN 60076-1, Clause 11.2 Measurement of winding resistance
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Test results: In the text.

2l

Enclosures: .

/ /U{«,m_m

Petr Sima
Electrical Testing Laboratory Director

In Plzeti, 30" September 2016

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 ioe.

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,






AL,

ETD TRANSFORMATORY a.5. Test Report No.: AP EZ2016/04501EN 0%,
ELECTRICAL TESTING LABORATORY Enclosure No.: 4 Sheet: | Total sheets: 5 ey A
Accredited Testing Laboratory No, 1526  Customer: BEZ TRANSFOMATORY, Rybnin4 40, 835 54 Bratislava o L 1626

Contents
TESLEA OBJECE vuvvvrvnisiierrereres i eeees s bbb r e b e se s bbb e aa e b as e R b bR a4 S bR e RS e ppa R R R s a s 1
P eI OIINEA 1858 1 1viriiriisresiesreeiesesnesesesssareesresrerttseessesaartoreartesaesasnessssesensentessnessassassbbasbebsvestsbasssnasssnesnees 1
USEA APPATATUSES .. evevverrrerersronerermriimiisiiis i er s er s seab b et ab e 410404 b SR b s R b es e m e bbb E LB b b b A a s bRt e et |
Measurement of WInding TESISIANCE ...vvreereriiner e e sa s et 2
DD ESCIIPIION evvvererevreeseeesaesssecebobabssersorabertrsbes e sa e bbb sb e s b e o4 a4 bR AR AR BB R bR 2
RESUIES 1111 vveviissiresteerereareseses s ssseaas s saaebbes b ebesneshesteRas s vhs R e s beaseseseaEebonsere st s bObR AL ER RN R e PR b RS e RS s b e b s ne s sanebaa L s 2
Measurement of short-circuit impedance and 10ad 10SS ....oveviiiiiin 2
DIESCTIPEION c1vcvevevsrrrrrvsesesersseseressnsesesesseessertssseeatsbss sa e ER e sE a4 B LS L SRS R s Ra RS e as b e Re e s as e e b oo e o bo b e e b e b bR a0 2
RESULES .. ivveee s s vesbesisiossestibaeraess v rensese e saesassuesbeaasessraaesraadebbbbsLE bR oA RO P RO R R OB Rn b aa e R b aabBbebssa b e rmabd b e b e b e T A g v 3
Measurement of n0-10ad 1088 AN CULTENIS . vvvvvreirverereniirer e e ras s st aasones 3
DESCIIPION s1uvvevissretsrererersnersrirssisssiss it s h et e aes bbb b eb e b e bbb bR 4 s e e B s e b bbb 3
RESUIS 1.ttt et sses b tbesssberbe s e e e asssbesssaese s aese s aaeeresbese b aAoBE O SR E RO e s bE b e R R bbb e b e s b e s et e b e bR e b e aR e RO RS 3

Tested object
Qil-immetsed transformer TOHn 378/10.
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Performed tests

Routine tests:

e 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.

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.

Used apparatuses

Name Type Filing No.

Digital multimeter Fluke 189 PMMm 263 “;
Digital multimeter Fluke 179 PMMm 269 A ;12 '
Isolating converters BB3652 PMMp 254 A )
Digital thermometer GMH 3710 PMMt 268 / / K
Current transformer ABB Petercem EA100 PMTr 92 U
Current transformer ABB Petercem EA100 PMTr 93

Current transformer ABB Petercem EA100 PMTr 94

Methods used in festing are specified in the Quality Manual of the Electrical Testing Laboratory and satisfy the precision requirements according to the
respective slandards. 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
Pescription

_ 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 22.1 °C,
Resulting value of the resistance was recalculated to 75 °C.

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

Sideof |- Tap Terminal - Béforg type and spét;ial tests
transformer - Rpasua (@) | Rus(Q)
TU—1V | 1.263367322 | 1.523906108

(+51%) 1U—1W | 1261630071 | 1.521810591

IV —1W | 1.264324863 | 1.525061119

TU_1V | 1.189650004 | 1.434987471

1y (03:%) 1U—1W | 1.186356280 | 1.431013412
1V _1W | 1.189263079 | 1.434519668

TU—1V | 1.114140538 | 1.343904929

. v , [JU=1W [ 1112350551 | 1.341756656

IV_1W | 1114562624 | 1.344414060

n—2u | 0.001058774 | 0.001276623

LV 2n_2y | 0.001091545 | 0.001316137
2n—2w | 0.001083715 | 0.001306696

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 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. 28 A. Temperature was 22.3 °C.

Measured values of short-circuit impedance and load loss were corrected for the reference
tempetature 75 °C, o
/ y /{f
/ /».E/\{ /_'f.,
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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 refation to the subject of these tests only. The Test Report may be reproduced only as a whols,
In case of discrepancies the Czech version of the Test Report takes precedence.
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Results

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

ZaA Pk
Tapping 1(+5%){3(0%) | S5(-5%)
Zmeasured (L) 7.29 6.52 5.73
Zq5(£2) 7.33 6.57 5.79
A Py measured { W) | 4468.19 | 5381.09 | 6461.08
APiss (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 losses 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,.

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)

APy (W) 4442 5914 799.9

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

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

L (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 presended test results 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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issues

abeending to section 16 of Act Ko, 221997 Coll, on technical requirements fiw produts, as pmeded

CERTIFICATE OF ACCREDITATION

No. 660 /2015

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

ta the Testing Laboratory No. 1526
ELECTRICAL TESTING LABORATORY

Scope of accreditation:
Electrical and air-havdling testing and measuring of industrial cquipment to the extent as specified in
the appendix (o this Centificate,

This Cenifiente of Accreditation ss a proof ol Acveeditation issued on the basis of asscssment of fulfillment of the
acoredilzlion enteria in gecordance with

CSN EN ISOAEC 17025:2005

In its aelivities performed within (he seopy and for the perind of validity ol ihis Cetiticate, the Body is entitled to refer 1o thix
Cadificate, provided that the accreditation is nat suspeinted and the Body mects the specificd acereditalon requirements in
secordance with the relevant regulntions applicable ta the activity of an aegredited Contormity Assessmeat Body.

"This Ceaiificate of Actreditation replaces, 19 the full extens, Certificate No.: 4242014 of 13 Fuly 2074, or ny odrainistiative
acls building upon 11,

S

The Certilieate of' Acereditation is valid until: 1 July 2018

Prague: 21 September 2015

Jifi Raziéka
Direciur
Czech Acerediarion Inviitute
Public Senvice Company
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