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Diverter switches VACUTAP® VRS / VRM / VRL / VRH / VRX with
- single phase, two phase or three phase design,
- highest voltage for equipment Um 72.5 kV up to 300 kV.

IEC 60214-1:2014, sub-clause 5.2.8: “Dielectric tests”.
Class Il in compliance with IEC 60214-1:2014, sub clause 5.2.8.3.

Diverter switches
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1. Test specification

The type tests were performed in accordance with IEC 60214-1:2014 “Tap-changers - Part 1:
Performance requirements and test methods”, sub-clause 5.2.8: “Dielectric tests”.

2. Specification of the insulating distances of the diverter switch
2.1 Insulating distance “f” of the diverter switch

The insulating distance “f” specifies the insulation to earth. It is the distance between the live parts of the
diverter switch, including the spring accumulator and the head of the diverter switch and ground. Types
with highest voltage for equipment Um equal to or higher than 170 kV are equipped with grading rings on
this distance.

Three-phase diverter switches type VACUTAP® VRS / VRM / VRL / VRH are available from Um = 72.5 kV
up to 245 kV.

Two-phase diverter switches type VACUTAP® VRS / VRM / VRL / VRH and single-phase diverter switches
type VACUTAP® VRS / VRM / VRL / VRH with two current paths for applications with enforced current
splitting are available from Um = 72.5 kV up to 362 kV.

Single-phase diverter switches type VACUTAP® VRS / VRM / VRL / VRH are available from Um = 72.5 kV
up to 420 kV. Single-phase diverter switches type VACUTAP® VRX for applications with variable shunt
reactors are available from Um = 72.5 kV up to 362 kV.

Diverter switches with three-phase design are classified to class | for use at the neutral point of windings.
Diverter switches of single-phase and two-phase design are classified to class Il for use at a position other
than the neutral point of windings.

Figure 38a/b shows the dimensions of the insulating distances “f” of the diverter switches in function of Um
exemplary for VACUTAP® VRS / VRM / VRL / VRH. These distances are identical for all diverter switches
type VACUTAP®VRS / VRM / VRL / VRH / VRX with the same Unm.

The type tests were performed according to the requirements for class Il in compliance with
IEC 60214-1:2014, sub clause 5.2.8.3. The requirements for class | are covered.

2.2 Insulating distance “a0” of the diverter switch

The insulating distance “a0” specifies the distance between diverter switch contacts in their final open
position.

To protect this insulating distance from transient over-voltages, ZnO surge arresters are incorporated in
the diverter switches.

3. Data of test samples

Test sample 1

Type designation: VACUTAP®VRM | 1301 - 72.5

Type characteristics: Diverter switch

Serial number / IBASE: 1734905a / 546541064 and 547813653

Year of manufacture: 2016

Manufacturer: Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Tests performed: Insulating distance ,f* / Partial discharges on “f”

Test sample 2

Type designation: VACUTAP®VRM | 1301 - 123

Type characteristics: Diverter switch

Serial number / IBASE: 1734905b / 547813653

Year of manufacture: 2016

Manufacturer: Maschinenfabrik Reinhausen GmbH, Regensburg, Germany

Tests performed: Insulating distance ,f* / Partial discharges on “f”
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Test sample 3

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

Test sample 4

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

Test sample 5

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

Test sample 6

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

Test sample 7

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

Test sample 8

Type designation:
Type characteristics:
Serial number / IBASE:
Year of manufacture:
Manufacturer:

Tests performed:

VACUTAP®VRM | 1301 — 300

Diverter switch

1734905c / 547813653

2016

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance f* / Partial discharges on “f”

VACUTAP®VRM Il 1002 - 72.5

Diverter switch

2095365 / 708835167

2019

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance ,a0"

VACUTAP®VRL 111 1300 Y — 170

Diverter switch

1734906a / 546541165

2016

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance ,f* / Partial discharges on “f”

VACUTAP®VRL Il 1300 Y — 245

Diverter switch

1734906b / 547813653

2016

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance ,f* / Partial discharges on “f”

VACUTAP® VRL IIl 1300 Y —72.5

Diverter switch

2125888 / 714818662

2019

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance ,a0"

VACUTAP® VRS 11301 - 72.5

Diverter switch

2122390/ 714818591

2019

Maschinenfabrik Reinhausen GmbH, Regensburg, Germany
Insulating distance ,a0"
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4. Scope of application

Diverter switches type VACUTAP® VR are available in the basic design variants VACUTAP® VRS,
VACUTAP® VRM, VACUTAP® VRL, VACUTAP®VRH and VACUTAP® VRX.

The design of insulating distance “f” depends on the highest voltage for equipment Um of the diverter
switch and it does not depend on the basic design variant (VACUTAP® VRS, VACUTAP® VRM,
VACUTAP® VRL, VACUTAP®VRH or VACUTAP® VRX), the number of phases and the number of sectors
of the diverter switch.

Therefore, the rated withstand voltages and the partial discharges on insulating distance “f” were tested on
various test samples with Um = 72.5kV up to 300 kV (test samples 1, 2, 3, 5 and 6).

The design of insulating distance “a0” does not depend on the highest voltage for equipment Um and the
basic design variant (VACUTAP® VRS, VACUTAP® VRM, VACUTAP® VRL, VACUTAP® VRH or
VACUTAP® VRX), but it depends on the number of sectors of the diverter switch.

Therefore the rated withstand voltages and the protection levels between diverter switch contacts at their
final open position were tested on various test samples with single sector design, two sector design and
three sector design (test samples 4, 7 and 8).

The dielectric withstand capability does not depend on the maximum rated through-current.

Therefore this type test report is valid for diverter switches type VACUTAP® VR with following
characteristics:

- Design variants: VRS, VRM, VRL, VRH or VRX
- Number of phases: 1,20r3
- Number of sectors: 1,20r3

- Highest voltage for equipment Um: 72.5 kV up to 300 kV

5. Test conditions / Test arrangement

Place of tests: Maschinenfabrik Reinhausen GmbH, Regensburg, Germany.

Treatment before testing: The test samples were vacuum dried in accordance with the
instructions of the manufacturer.

Test tanks ail filling: Plexiglas tanks (22,000 liters and 3,500 liters) filled with transformer
mineral oil according to specification IEC 60296 (Nynas Nytro Taurus
& Nynas Nytro 4000X) at room temperature (see appendix 2, pictures
3 and 4).
The breakdown strength of the transformer oil during the tests was
between 55 kV /2.5 mm and 82 kV /2.5 mm.

Test setup: The tests were performed with permanently installed measuring chains
for alternating voltage tests and impulse voltage tests (see appendix 2,
figures 39 & 40). The test samples were placed in the Plexiglas test
tanks and connected to test voltages (example see appendix 2, picture
4).

Wirings and connections: See appendix 3, figures 41 to 46.
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6. Tests performed

6.1 Full wave lightning impulse test (LI)

Test standard: IEC 60214-1:2014, sub-clause 5.2.8.5.

Impulse generator (max. charging: 1800 kV),

Impulse voltage generator: see appendix 2, picture 2.

Voltage waveform (T1/T2): 1.2/50 ps.

Wirings and connections: See appendix 3, figures 41...46.

Test voltages (Up): See tables 1...8.

Oscillograms: See figures la/b...8a/b.

Number of applications: Three applications with positive and three with negative polarity.
Note:

To protect the insulating distance “a0” from transient over-voltages, a ZnO surge arrester is
incorporated in the diverter switch. As a result of the ZnO-wiring the voltage waveforms of lightning
impulses (full wave / chopped wave) and the waveform of the switching impulse deviate from nominal
waveforms. The waveforms shown in the oscillograms are typical for diverter switches equipped with
ZnO surge arrester (see figures 6a/b...8a/b).

6.1.1 Insulating distance “f" (Un = 72.5 kV)

Tested Peak amplitude (Up) Front time (T,) Time to half-value (Ty)
insulating T]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested

1 -350.2 1.229 51.96

2 -350 -350.2 1.231 51.94

3 -350.1 1.230 51.98

f 4 350.7 12 1.238 50 51.99

5 350 349.8 1.236 52.00

6 350.0 1.235 51.97

Table 1: Test results of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Un = 72.5 kV).
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Figures 1a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Uy, = 72.5 kV).
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6.1.2 Insulating distance “f" (Un = 123 kV)

Tested Peak amplitude (Up) Front time (T,) Time to half-value (Ty)
insulating I]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested

1 -550.0 1.230 51.98

2 -550 -550.0 1.227 52.00

3 -550.1 1.229 52.03

f 4 550.0 12 1.242 50 52.02

5 550 550.3 1.242 52.03

6 549.4 1.241 52.01

Table 2: Test results of full wave lightning impulse test (1.2/50 uys) on insulating distance “f” (U = 123 kV).

] [kv]
o0k MOpsAly CHEI0OMSlS 3 1 1 1 1 | chi S0k/div 11 Opsitliv 3moM3ls L 0 1 1 i |chl
BT el Lotk RCRt EEEEE PP P PR R Rt SRR P PR SRR e e veve g senienesie D)
ch3
0
1807 ]
-360T T :
-5407 7
-720_---- ' 1 1 b T 1 I T ' '
e et
0 20 40 80 30 [ps] 0 20 40 60 80 Jus]

Figures 2a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Un, = 123 kV).

6.1.3 Insulating distance “f” (Un =170 kV)

Tested Peak amplitude (Up) Front time (T,) Time to half-value (Ty)
insulating T]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested

1 -748.9 1.233 52.25

2 -750 -749.6 1.232 52.30

3 -750.6 1.234 52.27

f 4 749.1 12 1.243 50 52.36

5 750 750.9 1.245 52.33

6 749.6 1.246 52.34

Table 3: Test results of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Uy, = 170 kV).
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Figures 3a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (U = 170 kV).
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6.1.4 Insulating distance “f" (Un = 245 kV)

Tested Peak amplitude (Up) Front time (T,) Time to half-value (Ty)
insulating I]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested

1 -1048 1.223 52.22

2 -1050 -1050 1.222 52.18

3 -1050 1.222 52.20

f 4 1052 12 1.228 50 52.30

5 1050 1050 1.227 52.23

6 1050 1.228 52.25

Table 4: Test results of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Un = 245 kV).
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Figures 4a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (U, = 245 kV).

6.1.5 Insulating distance “f” (Un = 300 kV)

Figures 5a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Un, = 300 kV).

Tested Test Peak amplitude (Up) Front time (T,) Time to half-value (Ty)
insulating n?)s in kV in ps in ys
distance ' Nominal Tested Nominal Tested Nominal Tested
1 -1049 1.222 52.25
2 -1050 -1049 1.222 52.29
3 -1050 1.221 52.31
f 4 1051 12 1.228 50 52.33
5 1050 1050 1.227 52.33
6 1050 1.225 52.32
Table 5: Test results of full wave lightning impulse test (1.2/50 ps) on insulating distance “f” (Un, = 300 kV).
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6.1.6 Insulating distance “a0” (single sector design)

Time to half-value (T>)

in ps

50

Front time (T,)

in ps

1.2

Peak amplitude (Up)

in kV

-150

150

Test

Tested
insulating

distance

a0

ghtning impulse test (1.2/50 ps) on insulating distance “a0”.

Table 6: Test results of full wave li
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Figures 6a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “a0”.

6.1.7 Insulating distance “a0” (two sector design)

Time to half-value (T>)

in ps

50

Front time (T,)

in ps
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Peak amplitude (Up)
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ghtning impulse test (1.2/50 ps) on insulating distance “a0”.

Table 7: Test results of full wave li
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Figures 7a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “a0”.
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6.1.8 Insulating distance “a0” (three sector design)

Time to half-value (T>)

in ps

50

Front time (T,)

in ps

1.2

Peak amplitude (Up)

in kV

-150

150

Test

Tested
insulating

distance

a0

ghtning impulse test (1.2/50 us) on insulating distance “a0”.

Table 8: Test results of full wave li
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Figures 8a/b: Oscillograms of full wave lightning impulse test (1.2/50 ps) on insulating distance “a0”.
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6.2 Chopped wave lightning impulse test (LIC)

Test standard: IEC 60214-1:2014, sub-clause 5.2.8.6.

Impulse generator (max. charging: 1800 kV),
see appendix 2, picture 2.

Voltage waveform (T1/T2/Tc):  1.2/50/ 3 ps.

Impulse voltage generator:

Wirings and connections: See appendix 3, figures 41...46.

Test voltages (Up): See tables 9...16.

Oscillograms: See figures 9a/b...16a/b.

Number of applications: Three applications with positive and three with negative polarity.
Note:

To protect the insulating distance “a0” from transient over-voltages, a ZnO surge arrester is
incorporated in the diverter switch. As a result of the ZnO-wiring the voltage waveforms of lightning
impulses (full wave / chopped wave) and the waveform of the switching impulse deviate from nominal
waveforms. The waveforms shown in the oscillograms are typical for diverter switches equipped with
ZnO surge arrester (see figures 14a/b...16a/b).

6.2.1 Insulating distance “f” (Un = 72.5 kV)

Tested Peak amplitude (Up) Front time (T,) Time to chopping (Tc)
insulating ‘I;]%st in kV in ys in us

distance ’ Nominal Tested Nominal Tested Nominal Tested

1 -385.1 1.231 4.062

2 -385 -385.0 1.231 4.069

f 3 -385.0 12 1.230 4 4.058

4 387.0 ’ 1.241 4.694

5 385 386.9 1.237 3.969

6 386.9 1.240 3.940

Table 9: Test results of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “f” (U = 72.5 kV).
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Figures 9a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “f" (U = 72.5 kV).
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6.2.2 Insulating distance “f" (Un =123 kV)

Time to chopping (Tc)

Tested Peak amplitude (Up) Front time (T,)
insulating I]%St in kV in ps in ys
distance ' Nominal Tested Nominal Tested Nominal Tested
1 -603.7 1.230 3.966
2 -605 -603.8 1.232 3.972
f 3 -603.9 1.2 1.232 4 3.962
4 604.4 ’ 1.244 4.144
5 605 604.7 1.245 4.125
6 604.8 1.247 4.067

Table 10: Test results of chopped wave lightning impulse test (1.2/50/3 us) on insulating distance “f” (Un = 123 kV).
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Figures 10a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ys) on insulating distance “f” (Un = 123 kV).

6.2.3 Insulating distance “f” (Un =170 kV)

Tested Test Peak amplitude (Up) Front time (T,) Time to chopping (Tc)
insulating n?)s in kV in ps in ys
distance ’ Nominal Tested Nominal Tested Nominal Tested
1 -823.0 1.237 3.835
2 -825 -823.2 1.239 3.845
3 -823.3 1.240 3.835
f 4 823.5 12 1.249 4 3.775
5 825 823.7 1.251 3.762
6 823.5 1.248 3.772
Table 11: Test results of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “f” (U, = 170 kV).
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Figures 11a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ys) on insulating distance “f” (Un = 170 kV).
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6.2.4 Insulating distance “f" (Un = 245 kV)

Front time (T,)

Time to chopping (Tc)

Tested Peak amplitude (Up)
insulating I]%St in kV in ps in ys
distance ' Nominal Tested Nominal Tested Nominal Tested
1 -1152 1.227 3.835
2 -1155 -1152 1.228 3.856
3 -1152 1.227 3.853
f 4 1155 12 1.231 4 3.892
5 1155 1155 1.231 3.920
6 1155 1.232 3.869

Table 12: Test results of chopped wave lightning impulse test (1.2/50/3 us) on insulating distance “f” (U, = 245 kV).
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Figures 12a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ys) on insulating distance “f” (U, = 245 kV).

6.2.5 Insulating distance “f” (Un = 300 kV)

Front time (T,)

Time to chopping (Tc)

Tested Peak amplitude (Up)
insulating T]%St in kV in ps in ys
distance ' Nominal Tested Nominal Tested Nominal Tested
1 -1151 1.226 3.845
2 -1155 -1151 1.225 3.845
3 -1152 1.225 3.873
f 4 1155 12 1.232 4 4.460
5 1155 1155 1.231 4.277
6 1155 1.232 4.121

Table 13: Test results of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “f” (U, = 300 kV).
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Figures 13a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “f” (Un = 300 kV).
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6.2.6 Insulating distance “a0” (single sector design)

Time to chopping (T¢)

in ps

Front time (T,)

in ps

1.2

Peak amplitude (Up)

in kV

-165

165

Test

Tested
insulating
distance

a0

Table 14: Test results of chopped wave lightning impulse test (1.2/50/3 pys) on insulating distance “a0”.
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Figures 14a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “a0”.

6.2.7 Insulating distance “a0” (two sector design)

Time to chopping (T¢)

in ps

Front time (T,)

in ps

12

Peak amplitude (Up)

in kV

-165

165

Test

Tested
insulating
distance

a0

Table 15: Test results of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “a0”.
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Figures 15a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “a0”.
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6.2.8 Insulating distance “a0” (three sector design)

Time to chopping (T¢)

in ps

Front time (T,)

in ps

1.2

Peak amplitude (Up)

in kV

-165

165

Test

Tested
insulating

distance

a0

Table 16: Test results of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “a0”.
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Figures 16a/b: Oscillograms of chopped wave lightning impulse test (1.2/50/3 ps) on insulating distance “a0”.
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6.3 Switching impulse test (SI)

IEC 60214-1:2014, sub-clause 5.2.8.7.

Impulse generator (max. charging: 1800 kV),
see appendix 2, picture 2.

250/ 2500 ps.

See appendix 3, figures 41...46.
See tables 17...24.

See figures 17a/b...24a/b.

Test standard:
Impulse voltage generator:

Voltage waveform (Tp/T2):
Wirings and connections:
Test voltages (Up):
Oscillograms:

Number of applications:

Note:

Three applications with positive and three with negative polarity.

To protect the insulating distance “a0” from transient over-voltages, a ZnO surge arrester is
incorporated in the diverter switch. As a result of the ZnO-wiring the voltage waveforms of lightning
impulses (full wave / chopped wave) and the waveform of the switching impulse deviate from nominal
waveforms. The waveforms shown in the oscillograms are typical for diverter switches equipped with

ZnO surge arrester (see figures 22a/b...24a/b).

6.3.1 Insulating distance “f" (Um = 72.5 kV)?!

Time to half-value (Ty)

Figures 17a/b: Oscillograms of switching impulse test (250/2500 us) on insulating distance “f’ (Un, = 72.5 kV).

1 Not required by IEC 60214-1:2014.

Tested Peak amplitude (Up) Time to peak (Tp)
. . Test . ) .
insulating no in kV in ys in us
distance ’ Nominal Tested Nominal Tested Nominal Tested
1 -279.4 228.1 2667
2 -280 -280.0 228.2 2667
3 -280.0 228.3 2666
f 4 280.7 250 228.3 2500 2666
5 280 280.1 228.4 2667
6 280.2 228.4 2667
Table 17: Test results of switching impulse test (250/2500 us) on insulating distance “f” (Un, = 72.5 kV).
T [kv]
Teervidiv | B0ops/ty - T EHE T MEfE- -1 ch ch
: [ ch2 ch2
: : cha ch3
T e T H S AT
""""""""""""""""""""""""""""""""""" e e +
0
""""" 120 7
1207 i
,,,,,,,, L
2a07 1
; 1207
] T SO N S N tod ot
o ' 12000 24007 36000 4800 [13] o ' 12000 24007 36000 4800 [13]
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6.3.2 Insulating distance “f" (Un = 123 kV)

Tested Peak amplitude (Up) Time to peak (Tp) Time to half-value (Ty)
insulating I]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested
1 -459.9 228.3 2677

2 -460 -460.0 226.5 2677

3 -460.1 226.8 2678

f 4 459.8 250 229.0 2500 2679

5 460 460.1 230.2 2679

6 460.1 228.2 2680

Table 18: Test results of switching impulse test (250/2500 us) on insulating distance “f” (U, = 123 kV).

] [kv]
90kMYdiv | B0DNS/d (CH3 1O M3 ) : ! ! Ch1 aokvidiv | BOOusidiv ICH3 10 MSs ! : ' i chi
SR iyl g SR g S . O .| N Ch2 3 e {5 R T i s e s Ch2

ch3 o] b b e e

7207V A A A e AR R R S
0 M200"  Tz400" Tee00 4600 [us] 0 M200"  Tz400" Tee00 4600 [us]

Figures 18a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “f” (Uy, = 123 kV).

6.3.3 Insulating distance “f" (Un =170 kV)

Tested Peak amplitude (Up) Time to peak (Tp) Time to half-value (Ty)
insulating T]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested
1 -618.9 225.8 2677

2 -620 -619.5 225.8 2678

3 -620.3 225.9 2677

f 4 619.1 250 226.6 2500 2681

5 620 620.4 226.8 2680

6 619.7 226.7 2683

Table 19: Test results of switching impulse test (250/2500 ps) on insulating distance “f* (U, = 170 kV).

,,,,,,,,,,,,,,,,,,,,,,,,,,

20077

] [kv]
ToakyIdi o Chi To0kvid 600fsidiv | CH3TOMI)E | | 1 | Chi
chz e ot v S| SO | N (N chz
ch3 ch3
0
Bl i e o i i ’
4007 1y :
6007 T 3 ;
i

0 200" T2do0"  Tae00 4800 [us] 0 200" T2do0"  Tae00 4800 [us]

Figures 19a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “f” (Uy, = 170 kV).
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6.3.4 Insulating distance “f" (Un = 245 kV)

Tested Peak amplitude (Up) Time to peak (Tp) Time to half-value (Ty)
insulating I]%St in kV in ps in ys

distance ' Nominal Tested Nominal Tested Nominal Tested
1 -848.9 238.2 2624

2 -850 -849.8 238.1 2627

3 -849.9 238.2 2635

f 4 850.2 250 238.0 2500 2628

5 850 850.6 238.3 2627

6 849.7 238.1 2628

Table 20: Test results of switching impulse test (250/2500 us) on insulating distance “f” (Un = 245 kV).

] [kv]
B s S 100k T N gp 12
! : sanca e | - ' ch3
: A D I N B8]0 e il e ol sl el lalia vl sl
Tolo T Tzon” Taoe” Tasoo” 4800 [us] o " Ti2o0"  T2400"  Tse00 4800 [us]
Figures 20a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “f” (Uy, = 245 kV).
6.3.5 Insulating distance “f” (Un = 300 kV)

Tested Test Peak amplitude (Up) Time to peak (Tp) Time to half-value (Ty)
insulating n?)s in kV in ps in ys
distance ' Nominal Tested Nominal Tested Nominal Tested

1 -849.2 237.8 2625
2 -850 -850.2 236.6 2626
3 -850.0 235.2 2627
f 4 850.9 250 241.8 2500 2627
5 850 850.2 236.7 2627
6 850.2 236.7 2627

Table 21: Test results of switching impulse test (250/2500 ps) on insulating distance “f* (U, = 300 kV).

[kv] [kv]
Troowvid ; Chi [108kv/dH] - Botpsidie: CH3L0 M3/
i Ch2 1 i ¥ i | Ch2
T Cha Cha
0
200 T
400 T
600 7
500 7 :
] . :
1000 7 AL
] R S R 20014} T N
Tolo T Tzont Taaeo” Taeoo” 4800 [us] ' 0 zagn " Tasoo’ 4800 [s]

Figures 21a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “f” (Uy, = 300 kV).
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6.3.6 Insulating distance “a0” (single sector design)

Page 18 of 37 / VR 6E 003e

Tested
insulating

distance

a0

Table 22: Test results of switching impulse test (250/2500 us) on insulating distance “a0”.
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Figures 23a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “a0”.
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6.3.8 Insulating distance “a0” (three sector design)
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Figures 24a/b: Oscillograms of switching impulse test (250/2500 ps) on insulating distance “a0”.
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6.4 Applied voltage test (AV)

Test standard: IEC 60214-1:2014, sub-clause 5.2.8.8.

Applied voltage generator (max. voltage 700 kV),

Voltage generator: see appendix 2, picture 1.

Voltage waveform: Sine-shaped (frequency: 50 Hz).
Wirings and connections: See appendix 3, figures 41...46.
Test voltages (Ur.ms.): See tables 25...32.
Oscillograms: See figures 25...32.

Test duration (tp): 60 s.

6.4.1 Insulating distance “f" (Un = 72.5 kV)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
f 140 140 60 62

Table 25: Test results of applied voltage test (50 Hz) on insulating distance “f” (U, = 72.5 kV).

160,0

140,0

120,0

100,0

80,0

kV

40,0

20,0

0.0

40 60 120

tis

Figure 25: Oscillogram of applied voltage test (50 Hz) on insulating distance “f” (U, = 72.5 kV).
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6.4.2 Insulating distance “f" (Un =123 kV)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
f 230 230 60 61

Table 26: Test results of applied voltage test (50 Hz) on insulating distance “f* (U = 123 kV).

250,0

200,0 -

150,0

U/ kY

100,0

50,0

0.0

B0 a0 140

tis

Figure 26: Oscillogram of applied voltage test (50 Hz) on insulating distance “f” (U, = 123 kV).

6.4.3 Insulating distance “f" (Un =170 kV)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
f 325 325 60 62

Table 27: Test results of applied voltage test (50 Hz) on insulating distance “f” (U, = 170 kV).

400,0

3500 4

300, |
250,0

2000 4

Uikv

1500
100,0

50,0

Figure 27: Oscillogram of applied voltage test (50 Hz) on insulating distance “f" (Un = 170 kV).
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6.4.4 Insulating distance “f" (Un = 245 kV)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
f 460 460 60 67

Table 28: Test results of applied voltage test (50 Hz) on insulating distance “f* (Un = 245 kV).

500,0

450,0
400,0 ]
350,0 :
300,0

250,0

I KV

200,0
150,0

100,0 |

180

Figure 28: Oscillogram of applied voltage test (50 Hz) on insulating distance “f” (Un = 245 kV).

6.4.5 Insulating distance “f” (Un = 300 kV)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
f 460 460 60 60

Table 29: Test results of applied voltage test (50 Hz) on insulating distance “f* (U = 300 kV).

500,0

450,0 : ____________________

400,0 |
350,0
300,0

250,0

U/ kv

2000 4
150,0

100,0 4
50,0 |

0.0
a

80 100 180

tis

Figure 29: Oscillogram of applied voltage test (50 Hz) on insulating distance “f” (Un = 300 kV).
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6.4.6 Insulating distance “a0” (single sector design)

Tested Applied voltage (50 Hz) Test duration

insulating in kv ins

distance Nominal Tested Nominal Tested
a0 20 20 60 62

Table 30: Test results of applied voltage test (50 Hz) on insulating distance “a0”.

Up/~2 in kv

I p——
Py

Figure 30:

10 15 20

25

30 35

Timeins

40

45 50

6.4.7 Insulating distance “a0” (two sector design)

55

Oscillogram of applied voltage test (50 Hz) on insulating distance “a0”.

a0

65

Tested Applied voltage (50 Hz) Test duration

insulating in kv ins

distance Nominal Tested Nominal Tested
a0 20 20 60 61

Table 31: Test results of applied voltage test (50 Hz) on insulating distance “a0”.

Up/+2 in kv

Figure 31:

10

15 20

25

30

35

Timeins

40

45

30 33

a0

Oscillogram of applied voltage test (50 Hz) on insulating distance “a0”.
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6.4.8 Insulating distance “a0” (three sector design)

Tested Applied voltage (50 Hz) Test duration
insulating in kv ins
distance Nominal Tested Nominal Tested
a0 20 20 60 69

Table 32: Test results of applied voltage test (50 Hz) on insulating distance “a0”.

Up/+2 in kv
=

Time in s

Figure 32: Oscillogram of applied voltage test (50 Hz) on insulating distance “a0”.
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6.5 Measurement of partial discharges

Test standard:
Voltage generator:

Voltage waveform:
Wirings and connections:

Test voltages / durations :

Oscillograms:

Test procedure:

Permissible tolerances
according to
IEC 60214-1:2014:

IEC 60214-1:2014, sub-clause 5.2.8.9.

Applied voltage generator (max. voltage 700 kV),
see appendix 2, picture 1.

Sine-shaped (frequency: 50 Hz).
See appendix 3, figures 44...46.
See tables 33a...37a.

See figures 33...37.

- the voltage was switched on at a level not higher than 0.4 Um / V3;

- the background PD level was measured and recorded;

- the voltage was raised to 1.2 Um / V3 and held there for a minimum
duration of 1 min;

- the PD level was measured and recorded;

- the voltage was raised to 1.58 Um / V3 and held there for a
minimum duration of 5 min;

- the PD level was measured and recorded;

- the voltage was raised to the enhanced voltage 1.8 Um / V3 and
held there for a duration of 60 s.

- immediately after the test time, the voltage was reduced without
interruption to 1.58 Um / V/3;

- the PD level was measured and recorded,;
- the voltage was held at 1.58 Um / V3 for a duration of at least 60 min;

- the PD level was measured and recorded every 5 min during the
60 min period;

- after the last PD measurement in the 60 min period, the voltage was
reduced to 1.2/ V3 and held there for a minimum duration of 1 min;

- the PD level was measured and recorded;
- the voltage was reduced to 0.4 Um / \3;

- the background PD level was measured and recorded;
- the voltage was reduced to a level below 0.4 Um / V3;
- the voltage was switched off.

The partial discharge was continuously observed on at least one measuring channel for the
entire duration test.

i/ A\

04U M3 —/ 120013 | 1580, W3] 1.8Un13 1,580, M3 120,13 \_ 040,13

PD during test step D: < 50 pC
PD during test step E: < 30 pC
PD background level: < 10 pC
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6.5.1 Insulation distance “f” (Un = 72.5 kV)

I3

) Replaying Stream
Abit

L= o Te=s

FLILT Amds U

AN

;

,:,u:f Test steps according to test procedure as described
g in chapter 6.5
AT
Duration Test voltage
Test in min in kv
step - -
Nominal | Tested | Nominal | Tested
(Ustar) - - 17 17
A 1 1 50 50
B 5 5 66 66
C 1 1 75 75
D 60 60 66 66
E 1 1 50 50
[ (Usop) | - - 17 17
5000 K
Ftrr Table 33a: Nominal and tested voltages and durations
L1

for insulation distance “f" (Un = 72.5 kV).

Figure 33: Measurement of partial discharges at insulation distance “f” (Uy, = 72.5 kV).

PD background level PD at 1.58 Um /3 PDat1.2Um/~3
during 60 min during 1 min
~ Tested in pC in pC in pC
insulation
distance Maximum tested Maximum tested . .
. M . M
Nominal | at begin of PD at end of PD Nominal ?e’gtrz(‘jm Nominal ;’ﬂeﬂtrg(ljm
measurement measurement
f <10 <2 <2 <50 <14 <30 <6

Table 33b: Partial discharge test at insulation distance “f” (Un = 72.5 kV).
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6.5.2 Insulation distance “f" (Un =123 kV)

s i i S Test steps according to test procedure as described
L% in chapter 6.5
g 2B -
ni & . Duration Test voltage
7 ' Test in min in kv
oty step - -
i vl Nominal | Tested | Nominal | Tested
A (Ustart) - - 28 28
: A 1 1 85 85
B 5 5 112 112
Cc 1 1 128 128
D 60 60 112 112
E 1 1 85 85
\ E Ty (Uslop) - - 28 28
2 |k
ot wl Table 34a: Nominal and tested voltages and durations
e i Ey for insulation distance “" (Un, = 123 kV).
e St n
o 1
r qE
= mr'}:! ’ o — EVEET WS LEL) 1 I!i
Figure 34: Measurement of partial discharges at insulation distance “f” (Uy, = 123 kV).
PD background level PD at 1.58 Um / V3 PDat1.2Um/+3
during 60 min during 1 min
~ Tested in pC in pC in pC
insulation
distance Maximum tested Maximum tested : :
. ] . Maximum . Maximum
Nominal | at begin of PD at end of PD Nominal tested Nominal tested
measurement measurement
f <10 <2 <2 <50 <2 <30 <2

Table 34b: Partial discharge test at insulation distance “f” (Up, = 123 kV).
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6.5.3 Insulation distance “f" (Un =170 kV)

i

i e o

y -;?u.:.: Test steps according to test procedure as described
0 in chapter 6.5
2148350
Duration Test voltage
Test in min in kv
s step - -
v Nominal | Tested | Nominal | Tested
(Usar) | - - 39 39
A 1 1 118 118
B 5 5 155 155
Cc 1 1 177 177
D 60 60 155 155
i E 1 1 118 118
il (Ustop) | - - 39 39
t 3001
- Table 35a: Nominal and tested voltages and durations
y L2 for insulation distance “f” (U, = 170 kV).

Figure 35: Measurement of partial discharges at insulation distance “f" (Un = 170 kV).

PD background level PD at 1.58 Um /3 PDat1.2Um/+3
during 60 min during 1 min
~ Tested in pC in pC in pC
insulation
distance Maximum tested Maximum tested ; :
; . Maximum . Maximum
Nominal |  at begin of PD at end of PD Nominal texsl,telcji Nominal texsltegi
measurement measurement
f <10 <2 <3 <50 <3 <30 <3

Table 35b: Partial discharge test at insulation distance “f” (U, = 170 kV).
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6.5.4 Insulation distance “f" (Un = 245 kV)

Wit

1R

HETFT

F1TE

ES L H

1kim

it s Bl

in chapter 6.5

Test steps according to test procedure as described

Duration Test voltage
Test in min in kv
step - -

Nominal | Tested | Nominal | Tested

(Ustar) - - 57 57
A 1 1 170 170
B 5 5 223 223
C 1 1 255 255
D 60 60 223 223
E 1 1 170 170
(Ustop) - - 57 57

Table 36a: Nominal and tested voltages and durations
for insulation distance “f” (Up, = 245 kV).

Figure 36: Measurement of partial discharges at insulation distance “f” (Uy, = 245 kV).

PD background level PD at 1.58 Um / V3 PDat1.2Um /3
during 60 min during 1 min
~ Tested in pC in pC in pC
insulation
distance Maximum tested Maximum tested ; ;
. M . M
Nominal | at begin of PD at end of PD Nominal fexs'trz(ljm Nominal fe)gggm
measurement measurement
f <10 <2 <2 <50 <2 <30 <2
Table 36b: Partial discharge test at insulation distance “f” (Un, = 245 kV).
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6.5.5 Insulation distance “f” (Un = 300 kV)

LT e e Hile
i \

e
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FDE0LY:

22000
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Wl

Test steps according to test procedure as described
in chapter 6.5

Duration Test voltage
Test in min in kv
step - -

Nominal | Tested | Nominal | Tested

(Ustar) - - 69 69
A 1 1 208 208
B 5 5 274 274
Cc 1 1 312 312
D 60 60 274 274
E 1 1 208 208
(Ustop) - - 69 69

Table 37a: Nominal and tested voltages and durations
for insulation distance “f” (Un = 300 kV).

Figure 37: Measurement of partial discharges at insulation distance “f” (Uy, = 300 kV).

PD background level PD at 1.58 Um /3 PDat1.2Um /3
during 60 min during 1 min
_ Tested in pC in pC in pC
insulation
distance Maximum tested Maximum tested ; ;
. Maximum . Maximum
Nominal | at begin of PD at end of PD Nominal texslte(l; Nominal texslte(lj
measurement measurement
f <10 <2 <2 <50 <2 <30 <2

Table 37b: Partial discharge test at insulation distance “f” (Up, = 300 kV).
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7. Testresults

The requirements according to IEC 60214-1:2014 “Tap-changers - Part 1: Performance requirements and
test methods”, sub-clause 5.2.8: “Dielectric tests” were met.

The full wave lightning impulse tests (LI), the chopped wave lightning impulse tests (LIC), the switching
impulse tests (Sl) as well as the applied voltage tests (AV) were withstood without any discharge.

The confirmed withstand voltages for the insulating distance to earth (insulating distance “f") and for the
insulating distance between diverter switch contacts in their final open position (insulating distance “a0”)
are shown in tables 38 and 39.

Highest voltage | Full wave lightning Chopped wave Switching impulse Applied voltage
for equipment impulse withstand lightning impulse withstand voltage (AV)
Um voltage withstand voltage (S
(Ln (LIC)
1.2/50 ps 1.2/50/3 ps 250/ 2500 pus 50Hz/60s
in kV (r.m.s.) in kV (peak) in kV (peak) in kV (peak) inkV (r.m.s.)
72.5 350 385 2801 140
123 550 605 460 230
170 750 825 620 325
245 1050 1155 850 460
300 1050 1155 850 460
Table 38: Confirmed withstand voltages for the insulating distance to earth (insulating distance “f”).
Highest voltage | Full wave lightning Chopped wave Switching impulse Applied voltage
for equipment impulse withstand lightning impulse withstand voltage (AV)
Um voltage withstand voltage (sh
(L) (LIC)
1.2/50 ps 1.2/50/3 ps 250/ 2500 pus 50Hz/60s
inkV (r.m.s.) in kV (peak) in kV (peak) in kV (peak) inkV (r.m.s.)
72.5 ... 300 150 165 100 20
Table 39: Confirmed withstand voltages for the insulating distance between diverter switch contacts in their final open position

(insulating distance “a0”).

During the partial discharge (PD) measurements, no collapse of the test voltage and no continuously
rising tendency occurred. The levels of partial discharges did not exceed the corresponding permissible
limits. Details see table 40.

I—pghest_voltage PD background level PD at 1.58 Um / V3 PDat 1.2 Un/"3
or equipment : | . .
Un, during 60 min during 1 min
in kV (r.m.s.) in pC in pC inpC
72.5 ... 300 <3 <50 <30
Table 40: Confirmed results of partial discharge measurements at insulation distance to earth (insulating distance “f”).

1 Not required by IEC 60214-1:2014.
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Appendix 1: Dimension drawing
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(B) - IS CONNECTED TO POTENTIAL OF (&) - C-C REFER T0 10009030
= (D) - SHEELDING RINGS FOR UM OF 170 KV OR GREATER - D-0 TYPE WITH CONNECTING LEAD 3W/3G REFER T0 10010019
w8 w S (G ) - SUPPORTING FLANGE FOR THE BELL-TYPE TANK INSTALLATION IS OPTIONAL
= E § § @ - BOTTOM-MOST LIVE PARTS: THESE ARE CONNECTED TO THE POTENTIAL
=278 " OF THE ASSOLIATED AND/OR WIRED CONNECTION CONTACT
T ()~ SELECTOR BASE IS MADE OF INSULATING MATERIAL
2|22
=888
= J ] 1
slel=
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Figure 38a: Example of dimension drawing of on-load tap-changers type VACUTAP®VRS / VRM / VRL / VRH with single
phase design , combined with tap selectors type RC / RD / RDE (page 1/2).



Page 33 of 37 / VR 6E 003e

VACUTAP® VRS
|SELEUUR SIZE RC RO ROE
Um [kV] 725|123 | 170 | 245 | 300 | 362 | 420 | 725 123 | 170 | 245 | 300 | 362 | 420 | 725 | 123 | 170 | 245 | 300 | 362 | 420
h | 1838 | 1968 | 2098 | 2198 | 2350 | 2453 | 2572 | 1918 | 2048 | 2178 | 2278 | 2430 | 2533 | 2652 | 1958 | 2088 | 2218 | 2318 | 70 | 573 | 2692
i | M6 | 1298 | W28 | 128 | %80 | 1783 | 1502 | 168 | 1298 | W28 | 526 | %80 | 1783 | 1902 | 168 | 1298 | W28 | 1528 | 1680 | 1783 | 1902
b 425 425 425
s | - - | 302 | 402 | SS4 | 573 | 692 | - - | 302 | 402 | S54 | 573 | e%2 | - - | 302 | 402 | S54 | 573 | 692
DIMENSIONS z - - 191 191 191 | 228 | 228 - - 91 91 11 | 228 | 28 - - el el oz | 228
tmnl x| - - | @620 @620 | @620 | P95 P95 - - @620 | P620 | P620| @695 D65 - - 620 | P620 | P620| @ 695 @ 695
il - | % | P% | @% | @00 B0 - - | P% | P% | @% | @GN0 @00 - - | D% | @5 | PS5 | @100 @100
k 670 70 790
n 319 359 379
t 170 20 230
q 489 569 &0
OIL CONTENT [dm']| 160 | 180 | 200 | 220 | 240 | 260 | 280 | 160 | 180 220 | 240 | 260 | 280 | 60 | 180 | 200 | 220 | 240 | 20 | 280
OISPLACEMENT [dm')| 269 | 269 | 259 | 319 | 349 | 389 | 409 | 250 | 270 | 300 | 320 | 350 | 390 | 4% | 251 | 271 | 300 | 321 | 3 | 39 |
MAX WEIGHT [kg) | 38 | 364 | 377 | 380 | 386 | 393 | 398 | 363 | 369 | 382 | 35 | 39 | 98 | 403 | 3 | a0 | 3 | %7 | 3 | 400 | 45

VACUTAP® VRM / VRH 651

SELECTOR SIZE RC RO ROE
Um [kV] 725|123 | 170 | 245 | 300 | 362 | 420 | 725 | 123 | 170 | 245 | 300 | 362 | 420 | 725 123 | 170 | 245 300 | 362 | 420
ho| 1990 | 2120 | 2250 | 2350 | 2502 | 2605 | 2724 | 2070 | 2200 | 2330 | 2430 | 2587 | 2685 | 2804 | IN0 | 2240 | 2370 | 2670 | 26EE | Z785 | 844
i | 1320 | W50 | 1560 | 1680 | 1832 | 1935 | 2054 | TR0 | WSO | 1580 | 1660 | 1832 | 1935 | 2054 | B2 | W50 | 1580 | 1660 | 32 | WH | M

h 576 576 576
H 302 | 402 | 554 | 573 | 92 - - 302 | 402 | 554 | 573 | 692 - - 302 | A02 | 556 | 573 | 892
0 i ™ ™ | B8 | 28 = - L1 ™ o 8 | 28 = = 9 19 9 28 | 28
HENSIONS X @620 | @20 | @620 | @ 6% | D695 - - | @620 | @620 | @620 @695 D 65| - - | @620 @620 @620 P 6% P ess
ol "y @5 | @5 | 8% |@0|@u00] - | - | @5 | @% | 6% | @00| @] - | - | @% | @% | B5% | @00 G100

k 670 750 T90

n 3 359 ELk]

i 10 20 30

] 449 569 609
OIL CONTENT ([dm']| 180 | 200 | 230 | 245 | 270 | 285 | 305 | 180 | 200 | 230 | 245 | 270 | 285 | 305 | 180 | 200 | 230 | 45 | 270 | 285 | 305
OISPLACEMENT [dm*]| 269 | 299 | 329 | 39 | 379 | 48 | 439 | 270 | 300 | 330 | 350 | 380 | 420 | &40 | 271 | 3W B E I ) B |
MAX WEIGHT [kg) | 367 | 373 | 386 | 390 | 395 | 402 | 407 | 372 | 378 | 3%1 | 395 | 400 | 407 | 412 | 374 | 380 | 393 | 397 | 402 | 409 | Al
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VALUTAP® VRL / VRH 1301
SELECTOR SIZE RC RD ROE
Um [kV) 725123 | 170 | 245 | 300 | 362 | 420 | 725 123 170 | 245 | 300 | 362 | 420 | 725|123 | 170 | 245 | 300 | 362 | 420
h | 2wt | zzm | 2w | 2o | 2653 | 27se | 2875 | 2221 | 2 | st | zset | 2 | 2ms | 2055 | 221 | ot | o [ zem | 23 | aae | 29
ol i [ wn [ s [ | venn | vom3 | 20me | 2205 | wnt | teor | 930 | ve3n | 1sa3 | 2uss | 2205 | wm | e | | e | o3 | aves | 2ms
8|3 b 28 ) 728 728
= é 5 302 | 402 | 554 | 573 | 692 - 302 | 402 | 556 | 573 | 892 - - 302 | 402 | 554 | 573 | &92
E g z L1 L1l | 28 | 28 - - 19 191 | 28 | 228 - - 191 191 9| 226 | 228
Bl nlM[ENS|;]NS % @o|@e | @e0|@ess|@es] - | - (@e @] @e0|@es @] - | - [@e0| @6 @620|@ 655 @ 6%
gln|z|& "oy B% | 8% | @ | @100 | BM0| - | - | B% | B% | 8% | om0| B0 - | - | @5%| 3% | 8% |BM]| B0
H|E|2 k 670 50 790
= " m ) 7
i m 20 )
= 0 49 569 809
ME E OILCONTENT [dm)| 20 | 20 | 250 | 270 w0 [ 30 [ 20 [ 20 [z [ 2020 [ 30 [ | 20 w0 [ 200 [ 20 [0 [
g § § g DISPLACEMENT [dm*]| 299 | 329 | 359 | 379 | 409 | 449 | 469 | 300 | 330 | 360 | 380 | 410 | 450 | 470 | 3M 3 B[ 31| 4 451 | 471
g M wEIGHT (ko) | 377 | 333 [ 395 [ 399 [aes [ e [ we | 3s2 | 3se [ eoo | aow | w0 | e | w2 | 3 | 30 | w02 | se | | wm [ ez
wle)e
2558
S5 % | oo ON-LOAD TAP—CHANGER VACUTAP® VR SERIL TOFEER
S1=Te] e s VR S/MILH | 651/701/1001/1301 - 725..420 kV - RC/RD/RDE
— =
T[E|ZS] noteD DIMENSION DRAWING 100178560F | 2/2

Figure 38b: Example of dimension drawing of on-load tap-changers type VACUTAP®VRS / VRM / VRL / VRH with single
phase design , combined with tap selectors type RC / RD / RDE (page 2/2).
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Appendix 2: Schematic test circuits and test equipment

Voltage generator
Capacitive voltage divider
with voltage indicator

Test tank
Test sample

Figure 39: Schematic test circuit for lightning impulse tests (full / chopped wave), switching impulse test and applied voltage test.
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Capacitive voltage divider with
voltage indicator

Partial
discharge
calibrator

CAL 542

Test sample

Coupling capacitor

Partial discharge
Measurement system

S — 1 -— - —
— gt Puses! Fix Gy
- 1 BN Ta

Grand  Voltage
L MPDOCPL Fower 12V DC
MPDB0D !

Figure 40: Schematic test circuit for partial discharge measurement.
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° “
D e pft

-l YYD

Picture 1: Test equipment for applied voltage test. Picture 2: Test equipment for impulse voltage tests.

Picture 3: Test setup for insulation distance “f". Picture 4: Test setup for insulation distance “a0”.



Page 36 of 37 / VR 6E 003e

Appendix 3: Wirings and connections

BLUE: Connection to ground
RED: Connected to test voltage
GREEN: No connection (floating)

Figure 41: Schematic sketch of connections for testing insulating distances “a0" (single sector design).

BLUE: Connection to ground
RED: Connected to test voltage
GREEN: No connection (floating)

Figure 42: Schematic sketch of connections for testing insulating distances “a0" (two sector design).

BLUE: Connection to ground
RED: Connected to test voltage
GREEN: No connection (floating)

Figure 43: Schematic sketch of connections for testing insulating distances “a0“ (three sector design).




Page 37 of 37 / VR 6E 003e

BLUE:

RED:

Connection to ground
Connected to test voltage

Figure 44: Schematic sketch of connections for testing insulating distances “f* (Un = 72.5 kV).

BLUE:

RED:

Connection to ground
Connected to test voltage

Figure 45: Schematic sketch of connections for testing insulating distances “f* (Un = 123 kV).

BLUE:

RED:

Connection to ground
Connected to test voltage

Figure 46: Schematic sketch of connections for testing insulating distances “f* (Un, = 170...300 kV).




		2023-12-04T11:42:58+0200
	Moldova
	MoldSign Signature




