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Voltage transformer
Type / Serial No. / Year: DFM-24 / 423003/14 / 2014
Manufacturer: Transzvill Mérévalto Gyarto é€s Forgalmazo Zrt.
Rated primary voltage (Ug): A — N: 22000:N3 V
Secondary windings: 1a—1n [/ 2a-2n [ da-dn
Rated secondary voltages (Us): : 100:¥3 V / 100:N3 V /100:3 V
Rated outputs (S;): 10VA / 10VA | 25VA
Rated thermal limiting outputs: 200VA |/ 200VA [ 25VA
Rated accuracy class: 0,2 !/ 3P / 6P
Rated voltage factor (Fv): 1,9-8h
Rated frequency: 50 Hz
Highest voltage for equipment (Un): 24kV
Rated insulation level: 125kVpeak / 50kVrus
Mass: 30kg
Dimensions: see on the enclosed drawing
Insulation class: B
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1. SUMMARY OF THE TEST RESULTS

The voltage transformer type DFM-24, 22000:V3 V / 100:N3 V / 100:¥3 V / 100:3 V has
been tested in accordance with IEC 61869-1 and 61869-3 (hereafter [1] and [2]).
The VT has met the prescribed requirements because:
- data on rating plate and the terminal markings were in accordance with the
prescription in [2],
- measured errors were less, than the prescribed values in [2],
- the differences of the error values measured before and after the short-circuit
withstand capability test were less, than the limit given in Clause 7.2.301 b) of [2],
= primary winding has passed the test with 15x(+125kV) and 15x(-125kV) lightning
impulses,
- primary winding has passed the power frequency voltage test with 50kVrus - 30s —
200Hz before and with 45kVrus - 30s — 200Hz values after short-circuit test,
= secondary windings have passed the power frequency voltage test with 3kVrus —
60s before and with 2.7kVrus — 60s values after short-circuit test,
- PD values measured before and after the short-circuit test were less, than the limits
given in Table 3 of [1],
- During the short-circuit withstand capability test the (1a-1n) and (2a-2n) windings
were short circuited. The test with 12.9kV primary voltage and 1.03s parameters was
successful, because the VT satisfied the requirements prescribed in points a)...d) of
Clause 7.2.301 of [2]:
a) it was not visibly damaged;
b) its errors did not differ from those recorded before the tests by more than half the
limits of error in its accuracy class,
c) it withstands the dielectric tests specified in 7.3.1, 7.3.2, 7.3.3 and 7.3.4, but with
the test voltage reduced to 90% of those given,
d) the examination of the winding insulations were not required, because the
current densities in the windings were less, than 180A/mm?
The temperature-rise test was conducted in three steps. The highest temperature-
rise measured at 200VA + 200VA rated thermal limiting outputs was A8 = 20.8K << 85K.

The drawing enclosed for identification of the test object: ~ 29560-100

NUMBERED SHEETS: 19 OSCILLOGRAMS: 1 PHOTOS: 6

FIGURES: 12 DRAWINGS: 1 TABLES: 11

Standards in accordance with which the tests were carried out:
[1] IEC 61869-1: Instrument transformers. Part1: General requirements.
[2] IEC 61869-3: Instrument transformers. Part 2: Additional requirements for inductive voltage transformers.
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2. COURSE OF THE TEST , SPECIFICATIONS AND THE APPLIED TEST PROCEDURE

The aim of the tests was to perform all the type- and routine tests prescribed in Publication
IEC 61869-1 and IEC 61869-3.

3.1 Technical information and specifications

3. IDENTIFICATION OF THE TEST OBJECT

Type / Serial No. / Year:
Manufacturer:

Rated primary voltage (Upr):
Secondary windings:

Rated secondary voltages (Usr): :
Rated outputs (Sr):

Rated thermal limiting outputs:
Rated accuracy class:

Rated voltage factor (Fv):

Rated frequency:

Highest voltage for equipment (Um):

Rated insulation level;
Mass:

Dimensions:

Insulation class:

DFM-24 / 423003/14 / 2014

Transzvill Mérévalté Gyarto és Forgalmazd Zrt.

A —N: 22000:V3 V
1a—-1n [/ 2a-2n / da-dn
100:43V / 100:¥3 V /100:3 V
10VA / 10VA ! 25VA
200VA [/ 200VA / 25VA
0.2 / 3P ! 6P
1.9-8h
50 Hz
24kV
125kVpeak | 50kVrus
30kg
see on the enclosed drawing
B

Information supplied by manufacturer:

- Primary winding — 26256 turns @ 0.18mm / Cu
- 1a - 1n winding — 120 turns @ 1.5mm/Cu
- 2a—2n winding — 120 turns @ 1.5mm/Cu
- da — dn residual voltage winding — 69 turns @ 1.0mm/Cu

3.2 VERIFICATION OF THE VOLTAGE TRANSFORMER (V'T), TERMINAL MARKINGS AND RATING PLATE

The client (the manufacturer) declared that the test object complies with the attached
29560-100 number drawing, the Infoware HPL has not verified this in detail. It was verified
that the data on rating plate and the terminals directly below the rating plate are correct
and are in accordance with Clauses 6.13 of IEC 61869-1 and 61869-3 (hereinafter [1] and
[2]). The rating plate is shown on Photo 5.

The relative polarities of the windings were correct.
4. THE PERFORMED TESTS
The power-frequency voltage withstand tests, the tests for accuracy and the prescribed

routine tests were performed on the same VT before and after the short-circuit withstand
capability test.

4.1  TESTS FOR ACCURACY

Table 1 and 2 show the limits of ratio error and phase displacement given in Clauses
5.6.301.3 and 5.6.302.3 of [2].
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Table 1: Limits of voltage error and phase displacement for measuring winding

Class Voltage (ratio) error Phase displacement
at voltages between 80% and 120% of | at voltages between 80% and 120%
rated voltage, of rated voltage,
at 0..100% cos@=1rated burden and | at 0...100% cos¢=1 rated burden and
at 25..100% cos@=0.8 rated burden | at 25..100% cos@=0.8 rated burden
[+ %] [ £ minutes
0.2 0.2 10
¢
Table 2: Limits of voltage error and phase displacement for protective winding
Class Voltage (ratio) error Phase displacement
at voltages between 5% and 190% of | at voltages between 5% and 190% of
rated voltage, rated voltage,
at 0..100% cos@=1 rated burden and | at 0..100% cosp=1 rated burden and
at 25..100% cosp=0.8 rated burden | at 25..100% cos=0.8 rated burden
[+ %] [ £ minutes]
3P 30* 120~
6P 6,0 * 240~

*at 2% rated voltage the limits can be twice

The measured values are summarized in Tables 3 and 4:

Table 3: Accuracy values measured before the voltage withstand and short-circuit tests 1)

Percentage voltage 1. (1a-1n) secondary winding 2. (2a-2n) secondary winding
of the rated voltage Sy =10VA S1=2.5VA S1=10VA S1=0VA
[%] Sz2=10VA Sz2=0VA S2=10VA S2=2.5VA
eu (%) Ag eu (%) Ag eu (%) Ag £u (%) Ag
(minutes) (minutes) (minutes) (minutes)
190 -0.07 +2.87 +0.12 +2.15
120 -0.05 +3.41 +0.14 +2.44 -0.08 +2.74 +0.12 +2.14
100 -0.05 +3.36 +0.13 +2.59 -0.09 +2.88 +0.11 +2.14
80 -0.05 +3.31 +0.13 +2.74 -0.09 +2.94 +0.11 +2.24
5 -0.22 +3.99 -0.01 +2.97
2 -0.45 +4.86 -0.20 +3.88
! Percentage voltage 3. (da-dn) secondary winding
of the rated voltage S3 =25VA S3 =0VA
[%] e (%) | Ag(minutes) | eu(%) | A (minutes)
190 -1.23 +17.75
100 -0.27 +1.49
Table 4 Accuracy values measured after the voltage withstand and short-circuit tests 1)
Percentage voltage 1. (1a-1n) secondary winding 2. (2a-2n) secondary winding
of the rated voltage S1=10VA S1=2.5VA S1=10VA S1=0VA
[%] S2=10VA S2=0VA S2= 10VA S2=2.5VA
eu (%) Agp €u (%) Ao ey (%) Ag £u (%) A
(minutes) (minutes) (minutes) (minutes)
190 -0.07 +2.89 +0.13 +2.06
! 120 -0.05 +3.55 +0.14 +2.33
l 100 -0.06 +3.58 +0.13 +2.38 -0.08 +2.79 +0.12 +1.99
80 -0.07 +3.63 +0.13 +2.43
5 -0.18 +3.44 +0.05 +2.64
Percentage voltage 3. (da-dn) secondary winding
of the rated voltage S3 =25VA S3 =0VA
[%] £u (%) Ap (minutes) £u Ag (minutes)
(%)
180 -1.23 Tl
100 -0.26 +1.41
80 -0.24 +1.22
5 -0.29 +1.25
2 -0.34 +1.25




INFOWARE LTD. No: PAGE
HIGH-POWER LABORATORY TEST REPORT ZP 348/2014 5719

1) The accuracy tests were performed in the laboratory of Transzvill Zrt. in the presence of Infoware test
engineer. The number of calibration document of Transzvill measuring equipment is MKEH - EAT —
0006/2012.

The accuracy tests were successful, because
- the measured errors were less, than the prescribed limit values,
- the measured values do not differ from those recorded before the s.c. test by more
than the half the limits of error appropriate to its accuracy class (see Clause 7.2.301 b) of

[2)).
4.2 LIGHTNING IMPULSE VOL TAGE WITHSTAND TEST ON PRIMARY WINDING

The frame and the secondary windings were connected to earth. The test voltage was
applied on terminal “A” of the primary winding, terminal “N” was earthed. The test
arrangement is shown on Photo 1.

The test was performed according to Clause 7.2.3 of [2]. The test results are summarised
in Table 5, the 2 x 15 impulses are shown on Figures 1 and 2.

Table 5: Impulse voltage test
Peak value Impulse form Impulses / flashover Result
[kV] [us / ps]
+124...125.5 1.15 /55 15/0 has passed
- 125..126.2 114565 15/0 has passed

Result: the VT has passed.

4.3  POWER FREQUENCY WITHSTAND TESTS

4.3.1 Tests on primary winding

43.1.1 Test before the short-circuit test

According to 7.3.1 of [2] the 50kVrums — 200Hz test voltage was applied between primary
terminal and earth, the duration was 30s. The secondary terminals and the frame were
connected to earth.

This test was performed in the laboratory of Transzvill Zrt. in the presence of Infoware test engineer.

Result: the VT has passed.

43.1.2 Test after the short-circuit test

The voltage test performed in point 4.3.1.1 was repeated with
0.9 x 50 = 45kVrus — 200Hz — 30s  test parameters (see Clause 7.2.301 of [2])

Result: the VT has passed.

4.3.2 Tests on secondary windings

4321 Test before the short-circuit test
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According to 7.3.4 of [1] the 3kVrus — 50Hz test voltage was applied in turn between
terminals of each secondary winding and earth, the duration was 60s. The frame and the
terminals of all the other windings were connected to earth.

Result: the VT has passed

4322 Test after fh{e short-circuit test

The voltage test performed in point 4.3.2.1 was repeated with
0.9x3 =27kVrus — 60s test parameters (see Clause 7.2.301 of [2])

Result: the VT has passed.
4.4 PARTIAL DISCHARGE MEASUREMENTS
The tests were performed according to procedure B of Clause 7.3.2 of [1] in test circuit

shown on Figure 6 of [1]. Photo 2 shows the VT in the test circuit.
The PD values measured before and after are short-circuit test are summarised in Table 6.

Table 6: Partial discharge measurement (1) see Table 3in Clause 5.3.3.1 of [1] )
(Measurement Test voltage Measured | Background Permissible Remark
kV] PD values noise PD level "
[pC] [pC] [pC]
0.8 x 50 = 40kV — 60s - -
| before 1.2x24=288 10 = 0.5 50 successful
B | 19x24/ 5 =186 - =
40kV — 60s - -
after 28.8 6 ~0:5 50 successful
__sc. test - 16.6 ~1 20

Result: the VT has passed.

45  SHORT-GIRCUIT WITHSTAND CAPABILITY TEST

The test was performed according to Clause 7.2.301 of [2]. According to the client's
féquest the measuring and protective secondary windings were short-circuited, the
residual voltage winding was opened. The test circuit are shown on Fig. 3 and Photo 3.
The switch-on and switch-off of the test circuit happened by circuit-breaker ABB20 (see

Fig. 3).

Osc. 140520 — 04 shows the s.c. test, the parameters are summarised in Table 7.
‘The channels on the oscillogram show in succession:

Urép - the voltage on the primary winding

Ipr - the short-circuit current in the primary winding

l1- the short-circuit current in secondary winding 1a-1n

l2- the short-circuit current in secondary winding 2a-2n

Table 7: VT short-circuit withstand capability test

{ Osc. No. Voltage on | Currentin Current in Current in Duration Remark
primary primary la—1n 2a-2n (s)
winding winding winding winding
(kV) (A) (A) (A)
12.9 0.729 76.8 83.3 1.03 successful
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Result: the VT has passed the s.c. test because it satisfied the following requirements of
. Clause 7.2.301 of [2]:
a) it was not visibly damaged:
b) its errors did not differ from those recorded before the tests by more than half the
l limits of error in its accuracy class,
¢) it withstands the dielectric tests specified in 7.3.1, 7.3.2, 7.3.3 and 7.3.4, but with
the test voltage reduced to 90% of those given,
d) the examination of the winding insulations were not required, because the
current densities in the windings were less, than 180A/mm?2
- on primary winding: 0.729A/0.0254mm? =28.7 A/mm? <180A/mm?Z,
- on secondary winding 1a-1n:  76.8A/1.767mm?2 = 43 5A/mm?2 < 180A/mm?2,
* On secondary winding 2a-2n: 83.3A/1.767mm? = 47.1A/mm2 < 180A/mm?Z.

4.6  TEMPERATURE-RISE TEST

The tests were performed on VT Serial No.: 423001/1 4, it had the same parameters as is
shown on page 1.

The test was supplied by a 150kV / 300V — 35kVA transformer, the test arrangement is
shown on Photo 4. The ambient air temperature was measured by 4 oil immersed
thermocouples distributed around the test object.

The measured “cold” resistances of the windings at tk1 = 19.7°C temperature:
- primary winding:  Rern = 6858 ohm

= 1a-1n winding: Rin =0.3408 ohm

o 2a-2n winding: Rzn =0.3117 ohm

= da-dn winding: R3n =0.3762 ohm

The temperature-rise tests were performed in three steps according to Clause 7.2.2 of [2].

46.1 Test at rated primary vollage and at burdens corresponding to the thermal limiting
outputs

According to the 2nd paragraph of Clause 7.2.2 a) of [2] the loads were:
1a-1n: 200VA, 2a-2n: 200VA, da-dn: 0

The burden resistances are: Ro1 = Rez = (100/¥3)2 / 200 = 16.67 ohm

~ The primary voltage Upr = 22 / V3 = 12.7kV was measured by the Infoware VT.

The voltages of the windings during the 7.7hours temperature-rise test are shown on Fig 4.

The resistance of the primary winding was measured with HP multimeter, the resistances
of the secondary windings happened by METEX multimeters with voltage/current
measuring method.

After 7.7 hours test the ambient air temperature was tkz = 21.7°C .

'%e'winding 8m temperature can be calculated knowing the “warm” resistance R at t = 0.

B = —];lﬂ (235 + t1) — 235 The temperature-rise of the winding is A8 = 8 — tkz .
(!
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Fig. 5 and 6 show the cooling curves of the winding resistances, the measured and the
calculated values are summarised in Table 8.

Table 8: Temperature-rises at 12.7kV and 200VA + 200VA

Winding Rm Rn Bm w2 AB Limit
(ohm) (ohm) (°C) (¢C) (K) (K)
primary 7382 6858 39.2 17.5
fa—1n 0.3713 0.3408 425 T 20.8 85
2a-2n 0.3385 0.3117 41.6 19.9
da-dn 0.4073 0.3762 40.8 19.1
46.2 Testat 1.2 x 12.7kV voltage and at rated outputs of the windings
At the second test according to Clause 7.2.2 a) of [2]
the primary voltage was 1.2 x 12.7 = 15.24kV
the loads were: 1a-1n: 10VA, 2a-2n: 10VA, da-dn: 25VA .

Ro1 = Rez = (100/4/3)2 / 10 = 333.3 ohm
Rea= (100/3)2 / 25 = 44.4 ohm

The burden resistances were:

The voltages of the windings during the test are shown on Fig. 7.
After 15.2 hours test the ambient air temperature was tkz = 20.5°C .

Fig. 8 and 9 show the cooling curves of the winding resistances, the measured and the
calculated values are summarised in Table 9.

Table 9: Temperature-rises at 1.2 x 12.7kV and 10VA + 10VA + 25VA

Winding Rm Rn Bm twz AB Limit
(ohm) (ohm) (°C) (°C) (K) (K)

primary 7019 6858 25.7 5.2

1a—=1n 0.3509 0.3408 27.3 20.5 6.8 85

2a—2n 0.3209 0.3117 27.2 6.7

da-dn 0.3876 0.3762 274 6.9

4.6.3 Testat 1.9 x 12.7kV — 8 hours voltage and at rated outputs of the windings

After 13 minutes recording of the cooling curves at the second test (see above) the
primary voltage was increased to 1.9 x 12.7 = 24.1kV according to Clause 7.2.2 c) of [2].

da-dn: 25VA.
Rb3=44.4 ohm

1a-1n: 10VA, 2a-2n: 10VA,
Rb1 = Rbz = 333.3 ohm

The loads remained:
The burden resistances were:

The voltages of the windings during the 8 hours test are shown on Fig. 10.

After 8 hours test the ambient air temperature was tkz = 22.7°C .

Fig. 11 and 12 show the cooling curves of the winding resistances, the measured and the
calculated values are summarised in Table 10.

Table 10: Temperature-rises at 1.9 x 12.7kV — 8 hours and 10VA + 10VA + 25VA

Windings Rm Rn 8m tie A8 Limit
(ohm) (ohm) (°C) (°C) (K) (K)
primary 7187 6858 31.9 9.2
1la=1n 0.3610 0.3408 34.8 22.7 121 85
2a-2n 0.3304 0.3117 35.0 12.3
da-dn 0.3994 0.3762 354 12.7




INFOWARE LTD. NO: PAGE
HIGH-POWER LABORATORY TEST REPORT ZP 348/2014 9 /19
Result: the VT has passed.

5 EQUIPMENT, MEASURING DEVICES DURING THE TESTS
Ta?le 1
Designation | Manufacturer Type Serial No. | Class Cal:jl:’rgnon Sign
Current GANZ MAK 86/60 822497 0.5 |MKJO8LO63| CT
transformer 400/5A 822498 0.5 |MKJ08L0G4 CT
Voltage FFM20 200/40/73 0.5 |MKJ13L022 VT
| wansformer | TRANSZVILL | o5000100v [ 200128773 T 0.5 TMKIT3t025 T VT
Voltage FM24
transformer | TRANSZVILL SA00MO0Y 432001 05 [MKJ10L022| VT
Data acquisition o
B ligmont Ahlborn | THERMS5500| A2719105 1°C |MKJ13L052 | THERM
Impulse Impulsphysik ISOLEX
generator Gmbh 125-250KV 415.221.010.01 2 | MKJ13L051 LI
GE510858 0.05| K/45698 | 200mV
) GE510868 0.05 | K/45697 | 200mV
Multimeter METEX M4650CR GE510750 05 K/45695 | 200mA
GE510736 | 0.05 | K/45696 | 200mV
) CN18661XB | 0.1 K/i45700 | 200mV
s NORMA Mpi2 CGOB477XB | 01 | K/4b700 | 200mV
Multimeter HP 34401A 3146A32584 | 0.1 | 0907/2012 | Rpr
PD measuring
System TETTEX 9124 134541 5 |MKJ13L004| PD
Insulation tester RFT WIP-6 33126 2 |MKJ13Lo49 | ISOL
Transient
s o HS ITR-7068 001 0.5 |MKJ12L029| TR

The resulls of the measurements with the use of the given equipment and measuring devices are traceable to the national standards
on the base of the above mentioned calibration/inspection documents.

Error of the voltage measurement: <+1%
Error of the current measurement: <+1%
Evror of the temperature measurement: <+ 1°C
Error of the resistance measurement: <+ 0.85%
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Fig. 4: Primary voltage and voltages of the secondary windings (V) during the 7.7 hours test at
1x12.7kV — 200VA + 200VA
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; Fig. 7: Primary voltage and voltages of the secondary windings (V) during the 15.2 hours test at
1.2 x12.7kV
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: Fig. 8: Rer primary winding resistance (ohm) versus time (s) after 1.2 x 12.7kV test
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Fig. 9: R1, Rz and Rz winding resistances (ohm) versus time (s) after 1.2 x 12.7kV test
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Fig. 10; Primary voltage and voltages of the secondary windings (V) during
1.9 x12.7kV — 8 hours test
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Fig. 11: Rer primary winding resistance (ohm) versus time (s) after 1.9 x 12.7kV — 8 hours test
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Fig. 12: R4, Rz and R3 winding resistances (ohm) versus time (s) after 1.9 x 12.7kV- 8 hours test
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