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The tests were carried out according to : CSCT ME 83 J (Dec./87)

The performance of the equipment tested and the results obtained are recorded in the enclosed tables of results,
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REFERENCE DOCUMENTS

identification file of apparatus
Reference: n° 83545556 dated on 15/1/99

Standard documents
CSCT ME 83 J (Dec./87)

Test request

Type test demand : letter from EDF Production & Transport ref. D5730-MH1198/FL98469 dated on December 17,98.

Test proposition : Fax from EDF/LGE ref. M22/JDF/17/12/98 (17 : 44) dated on December 17,98.
Alstom order R2F.R09393G dated on March 8,99.
Test program

Dated on March 9,1999, reference : HM 22 /21-901/2
EXTERNAL CONTACTS WITH THE LABORATORY
Responsible for co-ordination of tests for the applicant : M.LEMAITRE (CNIR-DMHT )

Present for the tests :

- Applicant’s representatives :

- Other person present :

LABORATORY STAFFS
Tésts responsible : S. SURIER
Technicians for tests : JR BOUSQUET

Name and adress of engineer responsible for co-ordination of tests :

M 1. DI FRANCESCO ® (01)60736221
EDF - ETUDES et RECHERCHES

Laboratoires de Génie Electrique (LGE)

Les Renardieres - Ecuelles - 77818 Moret-sur-Loing Cedex . FRANCE

= :(01)6073 6200 Télex 690 669 F EDF-LEP

Power Testing Station Tél. (01) 6073 62 27 Fax (01) 6073 68 22
High Voltage and Mecanoclimatic Testing Station. Tél (01) 60 73 66 51 Fax (01) 60 73 69 56
DIFFUSION

Original : Chef Adjoint du LGE puis Responsable d'Essais
(1) Chef de Service Adjoint puis archives LGE
(2) Demandeur : M.LEMAITRE (CNIR-DMHT )
(2)  Chargé d'Affaires
(2)  Constructeur : M. DESPINEY
1) Ingénieur produit: C. MOREAU (LGE)
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1. APPARATUS CHARACTERISTICS

- Name

- Type

- Serial number

- Construction year

- Terminals

- Rated primary voltage

- Power and accuracy class
- Temperature-rise burden
- Rated voltage factor

- Insulation level

- Rated capacitance

- intermediate voltage

- Standard documents

- Rated frequency

- Weight

- Manufacturer

2. APPARATUS IDENTIFICATION

A A L I s e ————

EDF

Electricité
de France

: Capacitor Voltage Transformer
: CCV 245

: 98-XE 71100-01/001

11998

P1-P2 S1-S2
220/ V3 kV 100 N3V

:80 VA - Cl.0.5 & 160 VA-cl3P
11200 VA

:1.9Un-2h

: 245/ 460/ 1050 kV

14000 pF

: 20kV

:CSCTME83J

:50 Hz

1 500 Kg

- ALSTOM BALTEAU - Montrouge

- A visual identification was made (see page 29).

HM22/ 21-901/2 Page 3

- Verification of principal sizes mentionned on drawing referenced : 8162847 given in appendix 1 (see

page 32).

The measured values different than those given by the manufacturer are mentionned on the drawing.

T.ct(10/2/97)
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CHRONOLOGICAL LIST OF TESTS PERFORMED

DATE AND PAGE
REFERENCES TYPE OF TESTS PLACE OF n° OBSERVATIONS
TESTS (1)
NFC 42 501 420 kV testing 5a8 With
§ 49, 57 & Ann. Xi ferro-resonance test area electromagnetic
§ 1-2-10 17/03/99 unit
NFC 42 501 § 56 Lightning impulse test 420 kV testing 9 Without
Ann. X1 § 3.1.1 of voltage capacitor divider area electromagnetic
NFC 54 110§ 9.2.5 18/03/99 unit
NFC 54 110 Wet power frequency withstand test 420 kV testing Without
§9.228& of voltage capacitor divider area 10, 11 electromagnetic
NFC 42-501 § 61 19/03/99 unit
NFC 54 110 - Dry power frequency withstand test 420 kV testing 12 Without
§9.218& of voltage capacitor divider area electromagnetic
NEC 42-501 § 61.1 23/03/99 unit
CEl 444 420 kV testing Without
Ann. XI Partial discharge measurement area 12; 13 electromagnetic
§ 1-2-18 23/03/99 unit
NFC 42 501 § 56 et 19 Lightning impulse test of electromagnetic unit 100 kV testing 14,15 electromagnetic
area unit only
06/04/99
NFC 42 501 § 61 Dry power frequency withstand test 100 kV testing 16 electromagnetic
of electromagnetic unit area unit only
06/04/99
Ann. XI interference overvoltage transmission control 100 kV testing 17 With
§ 1-2-25 area 08/04/99
NFC 54 110 High frequency capacitance and equivalent series Tdm testing area 18
§12.1 & Ann. Xi resistance 09 et 10/04/99 With
§ 1-2-27 (ambient temperature, -25°C & +40°C)
Ann. XI Measurement of input impedance Tdm testing area 19 With
§ 1-2-28 15/04/99
Ann. XI Measurement of composite attenuation Tdm testing area 20 With
§ 1-2-29 15/04/99
CSCT ME 83 § 3.2NFC Measurement of capacitance and dielectric dissipation Tdm testing area Without
54 110§7 &8 factor (ambient temperature) 19/04/99 21 electromagnetic
unit
Ann. XI Measurement of dielectric dissipation factor at -25, +20°C &} Tdm testing area Without
§1-2-32A +50°C. 20 au 22/04/99 22 electromagnetic
unit
Ann. XI Tdm testing area )
§1-2-34 & 35 Test for accuracy 27/04/99 23a26 With
NFC 42 501 § 27, 33, 48
NFC 42 501 secondary wave shape Tdm testing area 27 With
§59 28/04/99
Ann. Xi Measurement of impedance viewed from secondary Tdm testing area 28 With
§3.1.9 windings 29/04/99
NFC 42 501 terminal markings Tdm testing area 29 Wwith
§ 22; 23 30/04/99

measurement accuracy :
Except where otherwise stated, the measurements are guaranteed with widened accuracy (k=2)to £ 5 %.

For dielectric tests

widened accuracy (k=2) on peak values measurement of lightning impulses is estimated to + 3 %.
widened accuracy (k=2) on 50 Hz Rms voltages is estimated to + 2 %.
For climatic tests

widened accuracy (k=2) on ambient temperature measurement for climatic tests is estimated to + 2 °C.
(1) Tdm testing area : Measurement Transformers testing area

T At AN



EDF

Electricité
de France

HM22/ 21-901/2 Page 5

FERRO-RESONANCE TEST
(NEC 42 501 § 57 & CSCT ME 83 appendix 11§ 1-2-10)

1 - Test conditions

The test is performed on whole transformer. It is made by short-circuiting the secondary terminals for at
least 0.1 s the short-circuit being opened by a protective device (silver fuse calibrated 10 A).

At 1,2 U1n (152 kV), the thirty tests are realized continually without break.

At 1,9 U1n (241 kV), the ten tests are realized in groups of two consecutivly tests separated by 10 minutes of
rest time.

The secondary terminals short-circuiting is made with a making switch , switched off on the period 2 ms by 2
ms.

If a moment seems to be favourable for appearance of ferro-resonance, the other tests are realized in this
area.

2 - Measurement

During the short-circuit, the voltage of the power source mustn't differ by more than 10% from the voltage
before short-circuit and must remain substantially sinusoidal.

After sudden suppression of short-circuit, we check that :

- at 1,2 U1n the secondary peak voltage comes back, after the tenth cycle of rated frequency, to a value
which doesn't differ by more than 10% from its norma! value.

- at 1,9 U1n the ferro-resonance doesn’t maintain more than 2 s.

- With (U1n = 220 / V3 kV)

¥ s rAAPIAT



EDF

Electricité
de France

HM22/ 21-901/2

FERRO-RESONANCE TEST
(NFC 42 501 § 57 & CSCT ME 83 appendix 11 § 1-2-10)

3 - Test circuit diagram

Micafil
divider CcvT

N = 9416

| -
Porcelain
c1 il
C

M
Transformer
MWB 550 kV Fuse
Tank - 10A
\ c2] =
kDMaking switch

“ S1 i
HF] P S2 Shunt
1mQ

= - |

- (=)
{(
(V)
AN - /

N

To numeric device

Other information about connections between the making switch and the apparatus:

- Total tength of the loop : 3,10 meters.
- Wire section - 35 mm? copper braid
4- Result

The tables of tests results are given in pages : 7, 8.
The oscillograms are given in appendix 2

Page 6
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FERRO-RESONANCE TEST (1.2 U,,,}
(NFC 42 501 § 57 & CSCT ME 83 appendix 11 § 1-2-10)
Result
Time (jus?é?tja.r'sszrzort- l((glri? Test voitage pcSJ:i?i:)tE\nglilt:e Fe"g:?;?on: nce Oscillograrps
circuit) Short-circuit) (k.Volt Rms) period * (ms) (see Appendix 2)
(Peak volts) (Peak Ampere) (ms)

16:59 130 97,5 0+ 105 1
08:59 144 98 19,7 125 2
09:04 146 103 0+ 125 3
09:07 148 104 0.6 125 4
09:12 154 106 1,3 103 5
09:15 153 107 38 121 6
09:19 168 107 47 121 7
09:21 157 103 M+ 107 8
09:24 145 99 6,5 112 9
09:26 153 102 7.8 118 10
09:28 149 103 8,5 115 11
09:31 140 104 9,6 114 12
09:33 150 103 10,5 114 13
09:35 155 102 12 112 14
09:37 141 106 13 112 15
09:41 156 107 152 13,7 112 16
09:44 161 107 14,2 112 17
09:46 185 110 M- 110 18
09:49 172 80 16,8 88 19
09:51 178 102 17,2 127 20
09:57 166 108 41 111 21
10:01 183 108 4,9 110 22
10:10 144 103 O+ 130 23
10:16 140 105 1,1 105 24
10:33 157 99 1,4 105 25
10:39 148 100 19,7 110 26
10:45 149 99 O+ 110 27
16:16 155 100 O+ 104 28
16:19 150 100 1 125 29
16:23 158 101 1.5 103 30

*  With regard to O*



EDF

Electricité
de France

HM22/21-901/2 Page 8
FERRO-RESONANCE TEST (1.9 U,,))
(NFC 42 501 § 57 & CSCT ME 83 appendix 11 § 1-2-10)
Result
Time (jusltJé?t:rlsszlzort- l(([S):J;iE) ‘ Test voltage pc?:iggﬁcgglﬂ:e Ferrcé-ur:eastci)on:nce Oscillograrps
circuit) Short-circuit) (k.Volt Rms) period * (ms) (see Appendix 2)
(Peak volts) (Peak Ampere) (ms)
16:31 221 131 O+ 84 31
16:43 240 130 1.5 113 32
16:46 276 123 3.5 91 33
16:57 254 120 43 72 34
17:05 208 131 241 6,5 99 35
17:11 230 130 94 96 36
17:14 225 131 10,7 95 37
17:23 255 128 13,9 91 38
17:28 208 121 15,2 100 39
17:37 206 130 17,3 77 40

*  With regard to O*

T s sanmnm
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LIGHTNING IMPULSE TEST OF VOLTAGE CAPACITOR DIVIDER
( CSCT ME 83 J § 3.1.1. NFC 42 501 § 56 & NFC 54 110 § 9.2.5)

1 - Test conditions

The apparatus under test is installed on a 2 meters high frame . A full oil tank is placed instead the
electromagnetic unit tank.
The tank and HF terminal are earthed together.

The impulses are applied between P1 terminal and the earth.
Test voltage : 1050 kV £ 3% (CVT 245 kV)

Tolerance on the full waveform (according to IEC 60-1. 28-adition Nov. 1989 & CFN 54-110 June 1992 § 9.2.5) :

front time :
tx1,67<8ps

Overshoot <5 %
of peak voltage (U)

]
39
L
I

Half levet time = 50 ps £ 20 %

2 - Test procedure
1°/  One 80 % full impulse.
2°/ Fifteen 100% full impulses in each polarity. see oscillograms n°41a 44 (appendix 2)

3 - Test circuit diagram

Impulse

—_—
generator Ra
MV 24002
P1
Porcelain
C1 e

Rf M
full oil tank ___’

. i \ 3 nii-Nlashover '\

system

Pearson tores
0,1V/A
RTD 710 RTD 710
channel 2 channet 1
{probe X10} (probe X10)
4 - Specification

No more than 2 flashovers per polarity and no internal perforation are allowed.

I
i

5 - Result
No waveform variation was noticed between first and last recording.
No internal or external flashover happened during the test.

T o~ 1anOTY
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WET POWER FREQUENCY WITHSTAND TEST OF VOLTAGE CAPACITOR DIVIDER
(CSCT ME 83 J § 3.1.1, NFC 54 110 § 9.2.2 & NFC 42-501 § 61)

1 - Test conditions.

The apparatus under tests is installed on a 2 meters high frame. A full oil tank is placed instead the
electromagnetic unit tank.

2 - Test procedure

2.1 - Rain conditions (see next page)

2.2 - A power frequency test voltage of 460 kV (CVT 245 kV) is applied during 1 minute between P1 terminal
and the earth. The tank and HF terminal are earthed together.

Applied voltage is recorded during the whole test.

3 - Test circuit diagram

50 Hz CVT
; SOfHZ divider
ransformer Ratio = 9420
W] iy W
L—] P1
P lai
High o orcelain
voltage == Cht -
filter T T
M
full oil tank
==Cht - Anti-flashover
W \ cal system

| O

Recording
device

4 - Result
No disruptive discharge was detected during this test .

T At 40 IOTY
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WET POWER FREQUENCY WITHSTAND TEST OF VOLTAGE CAPACITOR DIVIDER
(CSCT ME 83 J § 3.1.1, NFC 54 110 § 9.2.2 & NFC 42-501 § 61)

The tests were performed according to IEC publication 60.1, article 9.1.

Measurements consisted of vertical movements (max. length : 1m) on the apparatus under test.

Ambient temperature :21°C

Rain conditions :

PARAMETERS MEASURED SPECIFIED
NOTE VALUES VALUES
high part Low part
Average precipitation rate
(mm/mn)
- Horizontal components 1,2 1,4 10a2
- Verticale components 1.1 1,6 10a2
Limit values (mm/mn)
for any individual measurement
- Horizontal component 0,2 + 0,5 from average
- Verticale component 0,5 + 0,5 from average
Temperature of water 17 Ambient temperature
(°C) +15
. 100+ 15 (.
Resistivity of water 104 uS/cm or (@m)
at20°C +18

100 13 (uS/cm)

T At i4nMAT
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DRY POWER FREQUENCY WITHSTAND TEST OF VOLTAGE CAPACITOR DIVIDER
(CSCT ME 83 J § 3.1.1, NFC 54 110 § 9.2.1 & NFC 42-501 § 61.1)

1 - Test conditions.
This test is combined with partial discharge measurement discribed on next page.

The apparatus under test is installed on a 2 meters high frame. A full oil tank is placed instead the
electromagnetic unit tank.

2 - Test procedure

A power frequency test voltage of 460 kV (CVT 245 kV) is applied during 1 minute between P1 terminal and
the earth. The low voltage terminal (HF) and the tank are earthed together through the partial discharge Tettex
bridge.

The applied voltage is recorded during the whole test.

3 - Test circuit diagram

Coupling
capacitor
50 Hz cvt
50 Hz divider
Transformer RCT 3000
High L Porcelain
voltage L ¢
filter T Crt -
-E C=1nF
M T Micafi
fuil oil L
—t -
il tank T Anti-
\ e flashover
/ system
we| O
=L =
50 Hz //}
measurement \I
z0 measur. impedances Zy

|||———

N

Tettex bridge

4 - Result
No disruptive discharge was detected during this test .

T o~ IANOTY
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PARTIAL DISCHARGE MEASUREMENT
(IEC 44-4 & CSCT ME 83 J appendix 2 § 1.2.18)

1 - Test conditions

This test carries out after power frequency withstand test of voltage capacitor divider (see previous page).

The measurement carries out a bridge method, using a wide band amplifier.

2 - Test circuit diagram
(see previous page)

3 - Test procedure

3-1

3-3

3-4

Balancing of the bridge

A calibration signal of 1000 pC is applied between the earth and the high voltage terminal. Bridge
elements are adjusted so as to get a maximum rejection level of this common mode signal.

The corresponding rejection level is measured by short-circuiting successively measure impedances of
each bridge branch.

- Short-circuited object branch: T = 100/900
- Short-circuited CK branch: t = 100/600

Calibration of the system

A calibration signal of 10 pC with a 100 Hz repeating frequency, is applied to the apparatus under test
terminals.

Measurer gain is adjusted so as to get a direct reading of DP peak level.

Backaround noise measurement

Power transformer connected with voltage at 0 kV level, we read the background noise (see table,
columnn® 3).

Partial discharges measurement of the apparatus under test
Um =245 kV

After 50 Hz dielectric test at Ue (460 kV) during 60 s, we respectively measure at following voltage levels
1,2 Um (294 kV), 0.7Um (171.5 kV) and 1,2 Um/ 3 (170 kV), the corresponding partial discharges level.

4 - Result

voltage ouUm
«V mﬂ’s) (Background noise) Ue 12Um| 0.7Um |1.2Umn3
L.evel ] discharge
applled with level (pC) 1 6 4 1 1
calibrator (pC)
10 a(cf/“gzc)y <0.53 061 | 053 | <053 | <053
Specification not 1 _40pC| <10pC | <10pC
specified

T s ranUINT
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LIGHTNING IMPULSE TEST OF ELECTROMAGNETIC UNIT
(NFC 42 501 § 56 et 19)

1 - Determination at low voltage (about 100 kV) of ratio U1 /U2 (ratio k).

—_—T

Impulse cvT PV 2MV

generator Ra =240 02
1 P P lai
orcelain
C1 s

2MV

Rf
u1

tank — -
co i Rq \ c2| u2 T

HF ql st
gsz =
=

Pearson tores RTD 710
0,1 V/IA RTD 710 channel 1
channel 2 (probe X10)
4 (probe X10)

Note: at 50 Hz, U1 =220 kV / V3, U2 =20 kV /3

LECROY
channel §
(probe X10)

2 - Test procedure (1 * part) see oscillograms n° 45

Page 14

Determination at low voltage (about 100 kV) of ratio U1 / U2, see circuit diagram above. The voltage
capacitor divider is lightly removed (= 1 cm) from the tank in order to slide a 20 kV withstand wire which

allows to measure the voltage at the intermediary point (M).

The measured ratio K is = 10,94

3 - Test procedure (2" part)

Tests realized only on electromagnetic unit.
P2 terminal and the tank are earthed together.

The impulse voltage is determinated by dividing the impulse withstand voltage value (1050 kV, CVT 245
kV) of high voltage terminal by the ratio K of impulse voltage determinated previously at low voltage

(value determinated in the first part)

If the ratio of impulse voltage is notably less than 50 Hz voltage ratio, it is necessary to make lightning
impulse test of voltage of intermediate capacitor divider which must be tested at the same lightning

voltage as electromagnetic unit.

Test voltage : 1050 / 10,94 = 96 kV (CVT 245 kV)

Tolerance on the full waveform (according to IEC 60-1 . 2% adition Nov. 1989 & CFN 54-110 June 1992 § 9.2.5) :

front time :
tx167<8ps

Overshoot <5 %
of peak voltage (U)

3? \

Haif level time = 50 ys + 20 %

T o~ b (AAAIOT
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LIGHTNING IMPULSE TEST OF ELECTROMAGNETIC UNIT
(NFC 42 501 § 56 et 19)

4- Test procedure
1°/  One 50 % full impulse. see oscillograms n°46 a 48 (appendix 2).

2°/ Five 100% full impulses in each polarities. see oscillograms n°47 & 49 (appendix 2).

5 - Test circuit diagram

—T "}

PV 2MV
Impulse Ra =240 Q
generator
MV
Rf
tank
i Rq electromagnetic
Cg \ unit
|| s1
s2
P2 [
£
Pearson tore RTD 710
0,1 V/IA RTD 710 channel 1
channel 2
-4 (probe X10) (probe X10)

6 - Result

No waveform variation was noticed between first and last recording.
No internal or external flashover happened during the test.

Page 15
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DRY POWER FREQUENCY WITHSTAND TEST OF ELECTROMAGNETIC UNIT
NFC 42 501 § 61

1 - Test conditions

Tests realized only on electromagnetic unit.
P2 terminal and the tank are earthed together.

A 150 Hz rms voltage equal to the ratio of complet CVT test voltage value (460 kV CVT 245 kV) by the
divider ratio : 42 kV is applied during 40 seconds between P1 terminal and earth.

The damping circuit and external spark gap are disconnected.

Applied voltage is recorded during the whole test.

2 - Test circuit diagram

150 Hz
alternator

50 Hz
divider

11
LA

tank

electromagnetic

unit
II s1
§2

P2 [

off—————o0. |
o} oy
e
i

Pearson tores
0,1 VIA RTD 710
channei 2

A4 (probe X10)

numeric
device

3 - Result

No disruptive discharge was detected during this test .

T~ LIAN2IATY
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INTERFERENCE OVERVOLTAGE TRANSMISSION CONTROL
CSCT ME 83 J appendix 11 § 1-2-25

1 - Test conditions

This test is performed on whole transformer.

A reduced step voltage (about 100 V) delivered by a step generator (type Gary) is applied on CVT P1
primary terminal. This connection is made with copper braid (see test circuit diagram).

Waveshape characteristics :
- Peak voltage value = 100 V
- Front time = 200 ns * 10% entre 10 et 90% of peak voltage.
- Half level time at least 50 ps.

2 - Measurement

- Waveshape characteristics control.
- Voltage measurement to S1 - S2 terminals.

Signal recordings is realized with a numeric oscilloscope type TEKTRO (350 MHz) supplied with insulation
transformer.

3 - Test circuit diagram

CVT
FL T
hl 2m g Porcelain
c1 e
-l
copper M
/ braid
_
c?|
measured
S1| 4 secondary
HF P2 Il s2 voltage
Generator *

Aluminium plate (3 mx 1,5 m)

4 - Specification
measured ratio < 0,5/ 650 (CVT 245 kV)

5 . Result: see oscillogram n° 50 ( appendix 2).
measured ratio = 0,156 / 650

T.ct(10/2/97)
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HIGH FREQUENCY CAPACITANCE AND EQUIVALENT SERIES RESISTANCE

(AMBIENT TEMPERATURE, -25°C & +40°C)

(NFC 54 110 § 12.1 & CSCT ME 83 J appendix 11 § 1-2-27)

1 - Test conditions

This test is performed on whole transformer.

Page 18

This test is performed at ambient temperature (between 15°C et 35°C) and at both extreme

temperatures (-25°C et +40°C).

The apparatus is installed on an insulated frame. HF, P2, S2 terminals are connected to the apparatus

tank.

S1 - S2 secondary is opened. The measurement is realized according to IEC 358 (05-1990) method :

The voltage is applied between HF terminal and a cage, made of 8 copper braids which are hold in
position in narrow contact with porcelain and connected to the ap
type : HP 4192 A, is used (see test circuit diagram).

2 - Test circuit diagram

2380

8 copper braids
-
A
impedance
D/ analyser
HE l

PVC plate =
3 - Result
Test temperature Frequency measurement
(°C) (kHz) 40 | 100 | 200 | 300 | 350 | 400 | 450 | . i acy
Ambient temp.: 19° C Rs (Q) 5 18 117,3117,3|17,3117,2|166| +1% a1kHz
Ambient temp.: 19°C Cs (pF) ]4104|4163|41584247 42801431114382| +1% a1kHz
25°C Rs (Q) 13 |16,2| 15 [14,7|146[145[144| t1% a1kHz
-25°C Cs (pF) |4102{4137|4164 422514268 1432114383| +1% a 1 kHz
40° C Rs (Q) 10 |18,2[18,4|18,5(18,5]|185}1185| 1% a1kHz
40° C Cs (pF) |40931414314170|4182 4200|4221({4245| +1 % a1 kHz
Specification : - For 40 kHz < F< 450 kHz we must have :

Rs<40Q
09Cn<Cs<12Cn
(3600 pF < Cs < 4800 pF)

paratus head. An impedance analyser

T ~t 1AOIKOTY
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MEASUREMENT OF INPUT IMPEDANCE
(CSCT ME 83 J appendix 11 § 1-2-28)

1 - Test condition

This test is performed on whole transformer.

HM22/21-901/2

Page 19

The apparatus is installed on an isolated frame. P2, S2 terminals are connected to the apparatus tank.

P1 terminal is connected to the earth, through a 400,2 Q resistor (which figurate ligne impedance), with

copper braid.
S1 - S2 secondary is closed on Zc burden (cos ¢ = 0,8), similar type of those used transient rating tests.
The impedance measurement Z = R + jX is realized with an impedance analyser type : HP 4192A
between HF terminal and the apparatus tank.
2 - Test circuit diagram
CVT
copper
P1 - braids —a|
C1
400 Q [
M
tank et Porcelain
\ c2
HF
impedance Il S1 | I Ze
Analyser p2 s2
type 4192 A
j_ insulator
3 - Result
Burden Frequency 40 100 | 130 | 200 | 300 | 350 | 400 | 450 measurement
Zc (VA) (kHz) accuracy
50 Rs (Q) 504 |405,7|403,9/400,5]|398,11397,5/396,7| 396 +1%a1kHz
50 Cs (pF) 3951 | 4127 | 4059 | 3825 | 3441 | 3226 | 3029 | 2827 +1%a1kHz
80 Rs (Q) 504 |405,7|403,9/400,51398,1|397,5(396,7| 396 +1%a1kHz
80 Cs (pF) 3951 | 4127 | 4059 | 3825 | 3441 | 3226 | 3029 | 2827 +1%a1kHz
160 Rs (Q) 504 |405,7403,9|400,5|398,1(397,5|396,7| 396 +1%a1kHz
160 Cs (pF) 3951 | 4127 | 4059 | 3825 | 3441 | 3226 | 3029 | 2827 +1%a1kHz
Specification: Rs > 350 Q from 40 kHz to 300 kHz for every burden

Rs = 315 Q) from 301 kHz to 450 kHz for every burden

T~ 1AONOQATY
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MEASUREMENT OF COMPOSITE ATTENUATION

(CSCT ME 83 J appendix 11 § 1-2-29)

This test is performed on whole transformer.

HM22/ 21-901/2

The apparatus is installed on an isolated frame. P2, S2 terminals and the tank are grounded.

Page 20

P1 terminal is connected to the earth,through a 400,2 Q resistor (which figurate ligne impedance), with

copper braid.

S1 - S2 secondary is closed on Zc burden (cos ¢ = 0,8).

2 - Test procedure

1-
2.

Utilisation of HP 4192 A bridge
Insert in the circuit of the reactance decade block only and search of L value allowding the adjustment of

the capacitive component of the CVT, in order to obtain an input impedance completely resistive
(imaginary part equal to zero). This search is realized by successive adjustments of the reactance for
each test frequency.

3-
4-
5-
6 -

3 - Test circuit diagram

4 - Result

Specification:

Measurement of resistive part (RL) of the chosen reactance.
Insert in the circuit of the resistor decade block adjusted on the value Re = Rs - RL; (Rs = 400,2 Q).
Replacement of HP 4192 A bridge by a BF generator allowing to reach higher voltage levels.
Vo (to genérator terminals) and V2 voltage recordings (to Rs terminal).
In this conditions, composite attenuation, for a given frequency, is determinated by :

a (dB) = 20 log (Vo/2V2)

tank

ajustable reactance \

cvT

p

copper

braid Ry

Rs = 400,23 [

Porcelain

\Z3

Re = Rs - RL
HP 41924 bridge 0—1—1:&—% i %Il?sT_ﬂ ze
then BF generator Vo s2
(Wavetek) P2
.J__ T insulator
Burden Frequency measurement
Zc (VA) (kHz) 40 | 130 | 300 | 400 | 450 accuracy
50 a (dB) 0,33 10,26 | 0,29 | 0,33 | 0,35 +3%
80 o(dB) |0,330,26{0290,33(0,35 +3%
160 o (dB) 0,33 (0,26 { 0,29 | 0,33 | 0,35 +3%

o < 0,5 dB de 40 kHz & 300 kHz for every burden.
o < 0,7 dB de 301 kHz a 450 kHz for every burden.

T oastANINTY
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MEASUREMENT OF CAPACITANCE AND DIELECTRIC DISSIPATION FACTOR (AMBIENT TEMPERATURE)
(CSCTME 83§3.28 NFC 54110 8§ 7 et 8)

1 - Test conditions

The apparatus under test is installed on a 2 meters high frame. A full oil tank is placed instead the
electromagnetic unit tank.

The low voltage terminal (HF) and the tank are earthed together through the Tettex bridge.
This test is performed at ambient temperature, after dielectric tests (lightning impulses and 50 Hz tests).

2 - Test procedure

U1in= 220 kV /¥ 3 ( CVT 245 kV)

Tests are realised at nominal frequency and 0.1 U1n, U1n.

in this conditions, capacitance and dielectric dissipation factor are recorded

The capacitance measurement shall not differ from rated capacitance by more than - 5% or +10%.

3 - Test circuit diagram

CcVvT

High voltage
—
(Y] m—
Porcelain
c1
Standard M
A4 high voltage
- Capacitance
CP 600 Full oit
50 pF tank - Anti flashover
\ c2 system
HF
[Tettex bridge
=
4 - Result
Conditions Voltage (kV) Temperature C (pF) Tg d Date of test :
After dielectric 0.1 U1n 13,3 41463 7,66.10" 19/04/99
test (50 Hz) U1in 13,3 41468 7,93.10°* 19/04/99
Measurement +0,5%deC +0,5.10"
Accuracy +0,6°C mesured (Tettex bridge)
(Tettex bridge)

Spécification: 0,95 Cn< C< 1,1 Cn (3800 pF < C < 4400 pF)

Tg 8 < 0,008.

T At 1ANOT
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MEASUREMENT OF DIELECTRIC DISSIPATION FACTOR AT -25, +20°C & +50°C,
(CSCT ME 83 J appendix 11 § 1-2-32 A)

1 - Test conditions

The apparatus under test is installed on a 2 meters high frame. A full oil tank is placed instead the
electromagnetic unit tank.

The low voltage terminal (HF) and the tank are earthed together through a shunt.

2 - Test procedure
Um= 245 kV

Tests are realized at -25, +20 et +50°C and 2.5 kV, 0.6 Um, Um.

In this conditions, the dielectric dissipation factor is recorded

3 - Test circuit diagram

CcVT
High voltage
.
P14
Porcelain
C1
Standard M
high voltage
= capacitance
CP 600 Full il
50 pF tank - Anti flashover
\ C2 system
HF
[Tettex bridge,
=
4 - Result
Voltage (kV) Temperature Tgd
a-25°C 1,83.10°
2,5 kV a+20°C 1,35.10°
a+50°C 1,06.10°
a-25°C 1,43.10°
0,6 Um (147 kV) a+20°C 7,92.10*
a+50°C 7,58.10"
a-25°C 1,51.10°
Um (245 kV) a+20°C 8,47.10™
3+ 50°C 8,11.10"
3
Measurement +06°C +1.10
Accuracy ' (Haefely bridge)

Spécification : Tg & < 0,005.

T ~t14nMIQN



EDF

Electricité
de France

HM22/ 21-901/2 Page 23

TEST FOR ACCURACY
(NFC 42 501 § 27, 33, 48 & CSCT ME 83 J appendix 11 §1-2-34 & 35)

1 - Test conditions

This test is performed on whole transformer at ambient temperature.

2 - Test procedure

Accuracy measurements are performed with an accuracy measuring instrument TETTEX associated with a
standard capacitance 600 kV (CP 600) and accuracy burdens.

The measurements are performed as a function of frequency, voltage and secondary burden. (see next
pages).

3 - Test circuit diagram

(44

Standard
iow vollage i =

insulator

High voltage
I 1 TCT
P1
Standard Cc1
high voltage . -
capacitance Porcelain __ |
CP 600 M
50 pF control room
_________________________________ |
L } | standard electronic Voltage instrument I o
i voltage divider transformer test system ] -1-(‘:2 tank
| +
I 1 LI 1 f burden |
! un Un  ux 4 -
| | s1 I
X IWSumelrle I sount | §|
| va — $2 P2 |HF
! AL L g t— )
| T = :
! !
1

capacitanc = » Only ground point for Un - Vn measurement

T~ H{ADDIOT7Y
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TEST FOR ACCURACY
(NFC 42 501 § 27, 33, 48 & CSCT ME 83 J appendix 11 §1-2-34 & 35)
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4 - Result
MEASURE Fonction
N° % Un Burden Frequency Error Error tolerance
(VA, cos ¢=0,8) (Hz) onratio on phase on ratio  on phase
1 48 0,13 85
2 20 49,5 0,12 14
3 50,5 0,1 -18
4 80 51 0,09 -31
5 48 0,12 65
6 80 49,5 0,01 17
7 50,5 -0,08 -19
8 51 -0,11 -26
9 48 0,13 53
10 20 49,5 0,12 18
11 50,5 0,11 -16
12 100 51 0.1 -31 +2% +120'
13 48 0,12 66
14 80 49,5 0,02 20
15 50,5 -0,07 -14
16 51 -0,12 -34
17 48 0,14 59
18 20 49,5 0,13 12
19 50,5 0,12 -14
20 120 51 0,1 -32
21 48 0,13 66
22 80 49,5 0,02 19
23 50,5 -0,06 -12
24 51 -0,11 -34
25 20 49,7 0,12 6
26 80 50,3 0,1 -10
27 80 49,7 -0,007 10
28 50,3 -0,006 -12
29 20 49,7 0,12 9
30 100 50,3 0,11 -10 +05% +30
31 80 49,7 0,007 13
32 50,3 -0,05 -10
33 20 49,7 0,13 7
34 120 50,3 0,12 -8
35 80 49,7 0,008 8
36 50,3 -0,04 -10
37 80 20 0,11 -4
38 80 -0,03 -0,6
39 100 20 50 0,12 -4 +0,5% 20
40 80 -0,02 0,5
41 120 20 0,12 -5
42 80 -0,02 -1

T~ b rANPIOTY
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4-1 Resulit
PROTECTION Fonction
N° % Un Burden Frequency Error Error tolerance
(VA, cos ¢=0,8) (Hz) on ratio on phase on ratio on phase
1 48 0.01 71
2 0 50 0 12
3 51 0 -14
4 48 0,02 79
5 2 40 50 -0,08 14
6 51 -0,13 -15
7 48 0,01 97
8 160 50 -0,33 22
9 51 -0,55 -16
10 48 0,13 53
11 0 50 0,16 -4
12 51 0,17 -28
13 48 0,12 61
14 100 40 50 0,07 -1 +3% 1 120
15 51 0,03 -34
16 48 0,1 75
17 160 50 -0,23 3
18 51 -0,4 -32
19 48 0,15 53
20 0 50 0,18 -4
21 51 0,19 -27
22 48 0,14 60
23 150 40 50 0,08 -4
24 51 0,04 -32
25 48 0,13 76
26 160 50 -0,2 1
27 51 -0,4 -38
19 48 0,16 52
20 0 50 0,2 -3
21 51 0,21 -30
22 48 0,16 57
23 190 40 50 0,1 1
24 51 0,07 -33
25 48 0,14 75
26 160 50 -0,17 4
27 51 -0,37 -36

T A tanM@
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(NFC 42 501 § 27, 33, 48 & CSCT ME 83 J appendix 11 §1-2-34 & 35)
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4-2 Result
PROTECTION Fonction
28 45 -0,02 167
29 0 55 -0,08 -121
30 2 45 0,12 182
31 40 55 -0,4 -129
32 45 0,47 220
33 160 55 -1,33 -149
34 45 0,05 146
35 0 55 0,18 -135
36 100 45 0,18 158
37 40 55 -0,16 -145
38 45 0,53 200
39 160 55 -0,17 -170
40 45 0,06 144
41 0 55 0,2 -137
42 150 45 0,19 160
43 40 55 -0,14 -145
44 45 0,55 203
45 160 55 -1,16 -172
40 45 0,08 142
41 0 55 0,2 -138
42 190 45 0,2 154
43 40 55 -0,14 -146
44 45 0,55 193
45 160 55 -1,12 -168

6%

+ 360

Tt (10O



1 - Test conditions

U1in =220 kVI 3

distortion factor (Fd) measurement to CVT secondary in the following conditions :

EDF
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SECONDARY WAVE SHAPE

(UTE C 42501 § 59)

HM22/ 21-901/2

- Test voltage = 0,8 x U1n ( 101,6 kV), U1n ( 127 kV) and 1,2 x U1n ( 152,4 kV).
- Burdens (cos ¢ 0,8) =0, 80 et 160 VA.
- Frequency = 45, 50, 55 Hz.

Measurements are made with a distorsiometer type L.E.A.

2 - Test circuit diagram

Page 27

Transformer  Filter ;?’i:ez’ or
50 Hz . N
| |
Porcelain
¢t
=Cn -
M
—=Cn Tank | ==
c2
\ Burden
[E
HF{ P2 S$2
50 ';ze cil::r:e“c Disttr;i?:eler
3 - Result
Voltage |Burd distortion4f5al<_:‘tor (Fd) at dlstortlonsgafltor (Fd) at dlstortlonsfsa:_:’tor (Fd) at
(kv) | en %) o) %)
(VA) (] 0 (]
Fd. (%) | Fd. (%) | AFd. |F.d.(%)|Fd (%) | aFd. |Fd. (%)[Fd. (%)] aFd
primary | second. (%) primary | second. (%) primary | second. (%)
0 0,6 -0,4 0,34 -1 0,3 -1
102 80 o64 | 058 | -06 | 044 | 0,34 -1 0,4 0,3 -1
160 0,57 | -0,7 0,37 | -0,7 0,34 -0,6
0 0,61 -0,3 0,34 -1 0,3 -1
127 80 0,64 0,58 -0,6 0,44 0,36 -0,8 0,4 0,3 -1
160 0,57 | -0,7 0,37 | -07 0,35 | -0,5
0 0,61 -0,3 0,34 -1 0,3 -1
152 80 064 | 058 | 06 | 044 | 036 | -08 0.4 0,3 -1
160 0,58 | -0,6 0,37 | 0,7 0,36 -0,4
Specification : secondary distortion factor < + 5 % of primary distortion factor:

- 5% < F.d second. (%) - F.d primaire (%) < + 5%

T At LANDIOTN
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MEASUREMENT OF IMPEDANCE VIEWED FROM SECONDARY WINDINGS

MEASURENEN!T Or IMFEDANGE VIEVY L R S S e e

(CSCT ME 83 J § 3.1.9)

1 - Test conditions

CVT primary circuit terminals are short-circuited. HE, P2, S2 terminals and CVT tank are grounded.

2 - Measurements

The voltage is applied on 81 - 82 terminals.
This measurements are realized at 45, 50 et 55 Hz.

3 - Test circuit diagram

cvT

3!"1
Porcelain
e ct

Insulation

Transformer transformer
" Tore burden tank

bouchet type
5.5 kV/380 V A2 01ViA RelBDQ Tcz /

9
ARermaslor ‘ l
750 kVA S1 “
3BOV/ES KV " S2 P2 |HF
T
SOFAIR.ADB

0-380V (284)

Dimmer switeh
type

Lecroy Oscilloscope
+ Enertec Frequencemater.
sach on insulation
transformer

4 - Result
Frequency Current Us voltage | Impedance
(rz) @ v) (@)
45 1,38 0,46 0,33
50 1,37 0,14 0,10
55 1,38 0,50 0,36
45 2,78 0,94 0,34
50 2,77 0,28 0,10
55 2,76 1,02 0,37
45 5,02 1,65 0,33
50 5,00 0,50 0,10
55 5,00 1,82 0,36
45 10,03 3,34 0,33
50 10,07 1,01 0,10
55 10,01 3,65 0,36
45 15,06 5,00 0,33
50 15,03 1,51 0,10
55 15,07 5,63 0,37
45 21,03 7,09 0,34
50 21,01 2,06 0,10
55 20,99 7,77 0,37

Specification : The impedance must be < 0,5 Q for each frequency between 45 Hz and 55 Hz.

T ~t{4nAN
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TERMINALS MARKING

(NF C 42-501 § 22 et 23)

This test consists in terminals marking verification (p

Obligatory markings

HM22/ 21-901/2  Page 29

rimaries & secondaries) and description plates marking.

On D On apparatus
Manufacturer name ALSTOM ALSTOM
Type identification and serial number CCV 245 - 4000 pF £ 10% CCV 245

98 - XE 71100 - 01/001

Manufacturing year (possibly combined with | 98 98
serial number)
Approximate weight (if higher than 100 kg) 500 500

Rated primary & secondary voltages

220000/N3 - 100/43

220000/V3 - 100/V3

Rated output & accuracy class

80 VA Cl0,5- 160 VA CI 3P

80 VA CIO0,5-160 VACI
3P

Highest voltage

245/460/1050 kV

245/460/1050 kV

Optional markings

OoniD

On apparatus

Rated frequency

50 Hz

50 Hz

Rated insulation level

/

/

Rated voltage factor

1,9 Un - 2 hours

/

Insulated class (if different of A class)

/

Terminals markings

OniD On apparatus
Primaries terminals with polarities marking
(P1&P2) Yes Yes
Secondaries terminals with affectation marker
for measurement and polarities marking (131 Yes Yes
& 1S2)
ground terminal with grounding marker
( ) Yes Yes

T A ANDIOTY
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VERIFICATION OF APPARATUS PRINCIPAL SIZES

Page 32

l

| A

Plage alu.80x306x16
4 tr @16 sur
carré ce 45.

R=||

Fix.cu circuil bouchon:
4te. M14 prof. ulle 30

sur 9296,

@ max 400

i

I 15 JAN. 1999

H ! I !
N L
SRR S T
N || Y 89 N ||
oyl 25
; i
= i
; ‘ — 2y '
AOITORY gosten | | £ L AILMTINNY
1 E TJ O :r 8 g 7 i B —Bcr;Eerre'Tr.au
T H4 5;32—.\1 , ; o o é
B : =< \ : ¢ G E BoTie a Bernes BT o
A g -
~ Barnes M10 ! X o, L
! 560, .E,;'C =‘%V
[ R , E{O
n~------------------ 1 iy i
2f |l 8se” 840 58 | 440 ! 58
' 9oe 920 610 |
| CERTIFE [V u
[

ll-;'l ]
H i
l
1

Masse approximative (kg)
4 trocus c2 fxzlcn 924
Toicie Huile
500 89
1 : .
Créaticn P Boril—fHREGCT 23-06-98 7
Neture ¢as mezizgiers Dassing V&rifid Validé CEM N°  |Data Incice

ALSTOM

#sigrction TRANSFORMATEUR CONDENSATEUR DE TENSION

834...0

=ploi CCV 245 [Page 171
TRANSMISSON £ DISTREUTION =zrme! Schelle R Dassier Repare Icentification
Transfermcleurs de Mesure A 4 Sans 3 @ CO‘] DEX 8 1 6 2 8 4 7
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n° 1l

Oscillogram

2U4,

FERRO-RESONANCE a 1,

42
0000 70€: sH,. 0000 0E-:S1 19SEa N €0 LYA9ZI0TdVIINAN AVIdIY

.g8-15.1

120 4va

9

YD

WA, 2 ANT

Q92107 VD TN .1 AV1dAY

81 @s-15 N

110 1va 92107

O TOTAYO I WIW TAVIdEA
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n° 2

Oscillogram

)00 *0E-:S1 19882 A €0 LYQ 92 I0TdYDIWAN TAVIHEY . LOTES NALP/EI1OA 00S "L =1 19A. 0000 "0E:SH 000006157 1°2%2 0. €0 AYA '9Z107dVD NI FAVTAIY

J00E “0-:S71 2S-1S 1 .120 LYQ 9TI0TdYDIWEN .3 v @5=1S. IATP/SVIOA G100 S11OA.00QE 70 :SH 000E'0-:ST.25-1S 1 120.4VA 92107 dVDINaN SAVIIdaY

AYIdEY.

FERRO-RESONANCE a 1,2 U4

2S-15 NA(P/BITOA 982 V. 8 10A_0000 "0S 1 :SH_0000 "0S 13571 &5-18 N .10 LvA 92107 dVO:NaW AVIdaY

)0 "0G1-:87 25-1S N 110 LVQ "2 10 dVD INAN I AYIdAY
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n° 3

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

1*QE-1S7 19S%a 0 €0 .LYA "9Z2107dYDIWAN GAYISAN.

1€ °0-:87 &s-18 1 20 .1Lva "Q2 107 dYD WA AYTIIIY

1es®a NALP/2I1OA O0S L 21(0A 0000 0E:SH. 0000 '0E-:ST,

ZS-1S 1A1P/R3110A S10°0 %310A 000E 0 iSH 000E "0-:51

ressa 0 €0 ALva "9Z 10T VO INAN TAVIIdEY

es-Is 1.:20 4va ‘9210 dYD INAN AVIdTY

'0s1-:81.@8-1s N

$ 10 LYE T92107 dYD iAW ALY

ZS=IS. NAIP/SI1OA 982 P 83104 000008

ISH.0000.°0S1-:871 es-1s.n.

D10 LVA 9210 dVO INAW AVIIdE
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o n°4

Oscillogran

2Uq,

RESONANCE a 1,

FERRO

TAVOIWEN  IAVIAEY

J0E.0-:571. 2518,

)OS

‘92 107dV0 I NAN TAVIALdHA
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n® s

Oscillogram

2U4,

FERRO-RESONANCE a 1

100 "€~ §7. .

n..1858a n €0 _1vVa .0N._Olm<u"._2m_z,.."><w—km¢..

J00E “0-:S7). 88

1ALP/R3 10N

¥Q '9Z107dYD NN S AVId3Y,

)0 TQ0e

Q. 92107 dYIIWIN
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n° o6

Oscillogram

RESONANCE a 1,2 U4,

FERRO

§7 19sEe 0 :€0.LYA 92107 4YDINAN, 1AYIdD

SH.0000.°0€-:871 _tesse 0 €0 .1va QZ10-dVD INAW AVTIdHY,

] 1921 07dYD AN, F AV143Y

b} NMx_va : AL N—C.&(U»Ewi 1d3Y " . °G_E110A 0000 'Q02:SH 0000.°002-:81 eS-15 n 110..LYQ 792107 dVI N3N S AVIdEY
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n° 7

Oscillogram.

FERRO-RESONANCE a 1,2 Uy

H 0000 "DE-:S7 1950 0 €0 LVA9ZI0TdVOININ JAVIdIA

SH 000€ "0-:S7.2S-15.1 120 Lvd

:SH_00000E-:ST {¥SEe N €0 LYA "9 10TAVIIRAW *AVIJIY

921074V

1SH,.000€.10

-:57.28-18

1 0000 "002-:S1 2s-1s 0 10 .va

1 "ND.F<D.®N—04L<0"INZ PAVIAaY

Q9210 dvd

TWAW 2 AVIA3N

es

=S AALP/BI(OA VI

0000 "002

181 2s-1S 0.

110 LYA 92107 dVOINAW FAVTdAY
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n°8

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

100 "€

iAaLp/8rion S10

‘921 074YDINGN AVIdIY
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n° 9

Oscillogram

FERRO-RESONANCE a 1,2 U,

‘000 '0E-:§71..

00.°06-:871, 19888 €0 LVA 09SIG7dVD NN 1AV TIJIY

B2 107 dYO ININ (AYIdEY

00 "0SeS-:871 . g8~18, N.

-AYQ 910

8YL10A., Q000

n_ 10 1va

"9C 0T dVO ININ AYTIdAY
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n° 10

Oscillogram

FERRO-RESONANCE a 1,2 Uy

0. LV "9ZL0TdYD INAN_IAY I

0._AVQ 9Z10TdYOINEN IAVIdIY

)E "0-:571 8Sr,

A0S . . .€8 BERL WAL TESLOTAYD INGR CAYIIdIY

‘0se-:81.85-48.N.
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n°il

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

31. e8-

1UEEBO® NA1P/BY|OA

«Q .L.<c .ﬁN L0 AVYDINEN  AVIIdEY.
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n® 12

Oscillogranmy

‘0E-:S°1 19888 n €0 LVA 92107 AVIINAN, FAVIA3Y . femsa NALP/RIIOA OOS 11 PLIGA 0000 "0EISH 0000 "OE-:S1 19%%0 N €0 LVQ 92107 VO IR AVIISHY

.. S-S AALR/S3]10A G100 83 -

1o 0008, Q. :SH 0Q00€E '0-:S71 2s-IS | 20 F<n.0w—o|m<uu2m! tAVIdEY

€0-:S1 2S-1S _1_120.Lva 92107 dVOININ 1AVIdad.

FERRO-RESONANCE a 1,2 Uy,

062-:S1 2S-15 N 310 _LVa 92107 dVI ININ_:AVIdAN 2S—IS NAIP/SIIOA EPI L B210 0000 "QS2:SH 0000 "0Se-:871 2S-1S N 10 AVA "92107dVD I NAW AV
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n° 13

Oscillogram.

FERRO-RESONANCE a 1,2 Uy,

23104 0000
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n® 14

Oscillogram

FERRO-RESONANCE a 1,2 Uin

1 0000 °0€E-:87.

51.¢8-18

3H 000€E "0-

0000 "0SC-:81 23S,

L3110 LVa "92107ay,

W3IN

06&-:

81 &8

J0E=iST. 198%e _IED LVA.9ZI07dYDININ AVIEY

=87 .2S-1S | 120 AVQ 9210 dVDIWIN tAVIdaY

IS 0 10 LVQ "9S107dYD ININ AVTdAY




M22/21-9

n° 15

Oscillogram

FERRO-RESONANCE a 1,2 Uin

By lOoAn

00!

1 0000 °0€-:51

ALP/BA10OA

0.4VQ. 92107 dVOININ SAVIdaY.

3H .000€.

220, Lva

I9ZI0TJAYO INEN AVdIY

0GS-:87 251§

10 LYA T9210TdYD T WEW CAYIdaY. .




M22/21-90172

n® 16

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

19888 n1p/ELL ! L . : 50 AV 792107 dYD ININ TAVIdEA.

H _c.r<n BEI0T YD INAN AVTIdIY.




M22/21-90]

n° 17

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

s8] gwssa n €O LYQ "92 107 dYD IHMAN. S AV 1d3d

S1 2S-1S | :20 1vQ 92107 dYD:WanW_ :AYIdE

{osse D>.N\n~.l>,ccmu_;lw_4>.tccc.cmmm=vnocc.cmluMA teRwa 0 €0 AVA 9SI0TdVOINIAN AV IdIY

—1S 1 330 1VA 92107dVO:NEN (AVdaY

$1 2S-18 N 10 LYQ ‘92107 dYD I WAW AYI4EY

L., €S=IS NAIP/BYIIOA EVI L B31I0A 0000 "0$Z:SH 0000 "0§2-:87T . 2S-1S N 10 AVA "9210 dVI:WIN AVIJdId




M22/21-90172

n’ 18

Oscillogram

FERRO-RESONANCE a 1,2 Uy

fenss OALP/ o, 3 DOYL "PE SN, 0oou “oEe-

g 1emRe 0 160 LVG 9210 VI INEN AYIAAY

LAY,

31 ¢8-18 N

10 Ava

SRZI0TdYD

SNAN CAVIIdEA




M22/21-901/2

n° 19

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

~iSN_ 19888 0 €0 LVA 9ZI07 4V INAN

006 °1._%3194_0000 "0€:SH_0000, 0€-i57., 19528 0 €0 LV 92107 dVIINAN (AVIdIY

-:S1 3S-1S 1 VG (9T 10 dVD NN

tAVI4d3d

=187 2S-1S.N 310 V0 92

:SH 0000 "0S2-3:81 .28~18S. 0 10 ALVA 9210 dVD:ININ AVId3d




M22/21-901/2

n° 20

Oscillogram

. FERRO-RESONANCE a 1,2 Uy,

JE-187 19sse N IE0 LVA 92107 VD INAN IAVIAA 19888 NAIP/BIIOA 00S L BVI0A, 0000 "0€:SK,..0000.

-0-:S7 .2S-4S ) .}

i g

1871, 88-1s 1. 320

‘0E-3§7, 19898 0 €0 LVA 9TIQTAVDIMNAN AVIIIAY

AVQ "9Z1D7AYD NN AV IdEY

162-:81 25-15 N 110 _4ya 92107 dVDiNanW, AVI4RY

s1.2s-1s.n 10 LYQ "92 107 dVO INaW SAVd3d




M22/21-90172

n® 21

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

AN AVIIdEA

5187 Zs-1S.n ‘ 107 VD INAN. 1A : 0000 °0SZ:SH. ZS-1S N 110 4va

BGIU T dVD ININ AYIdAN




M22/21-901/2

n® 22

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

i-1871 j9swe 0 €0 AVG 9ZI07dVYOINAN SAVIAAN L 1wEEe NATP/SIIO0A 00G 1 SI10A 0000 "0€: St 0000 "0E-:87 9886 0 1€0 AVG 92107 dYD NN AVIJIY

J)-:8§71 28-S ..uwc.b<n.ow‘olm<0u2m§ tAYTIAAN 120 AVA "92 107 dVI NN SAYdIY

IS 0 10 LVA 9210 dVIINEN AVTIdEYd

.. BS-1S NALP/RIICA ‘0s2-:871 S

€V L S3VI0A _0000°QS2S:

SH 0000




M22/21-901/2

ol

n°

Oscillogram

FERRO-RESONANCE a 1,2 U,

dyd

WIN_ AVTIdEY JE

110 Lva

9210

dVDINEN AVTIdEY 0




M22/21-901/2

n° 24

Oscillogram
FERRO-RESONANCE a 1,2 Uy

1SH,. 0000 °0€-: 87 19880 N €0 LVa "92107dVOININ TAYIdBY

J€:0-:51 28 YO INAW AVId3Y

‘0§2-:81 25-15 .13 10 *921 07 dYD INAN 48, , : : *9Z107dVDININ AVIdEY




M22/21-90172

n® 23

Oscillogram

FERRO-RESONANCE « 1,2 Uy,

QE-:s7 1vsse n €0 LVA’9

‘0-:81 25-1§ 132

. 19888 NALP/RYIOA _(0G 1 51I0A 0000 "QE:SH, 0000 "0E~: 871 1°%%8 FE0 LVU 92107 dVD NN TAVLAHA

0.1Y0 "92107dVO BN S AVTdAY 2S-185, 1A1P/811OA S10°0 93194 000E 0 :SH OO0 '0-:§7.28-15 1 320 LvQ 92107dVD Nan :AVIdId

TL0 LVA '9S 10T dYD NN SAVIdEd

s2-:51 2s-1S.n 10

AYG "2 107 VD INEW I AYIdEY

§1.25-18 n




M22/21-901/2

n° 26

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

0 0E=:§T ..0,.2E0..LY0 92107 YD NaN

1P/%2 10

oA

"] 19esse

AVQ. 792 10T dVD I NEN TAVIAEY

0E "0-:




M22/21-90172

n° 27

Oscillogram

FERRO-RESONANCE a 1,2 Usn

‘WE-187 1esse n g LY 2107 dY2 ;3 YId3d 19 NALP/8Y S 00S.°1..8319A.0000.0€:SH. 0000, 0€-:57. 19888 -9 - . )

a4 9210 dVD INEN e MY a : 87,28~ : TAYD NN AVIAEY

1SE-:871 2S-18.n .}




M22/21-901/2

n° 28

Oscillogram

FERRO-RESONANCE a 1,2 U,

M, 0000 "0-:871 1

S 00UE "0-:51 ES-1§ 1

19888 NAy

AYOINAN AYIdIY,

BZ10TAVO ININ 1 AVIdEY,

1 0000 "0se

is1 2s

TIS D110 LYA 9ZI0TAYDINAN. IAVIdAY,

107 dVDINEN : AYTIdEY.




M22/21-90172

n° 29

Oscillogram

FERRO-RESONANCE a 1,2 U,

1000 "0€-:57 19558

guog "-:

160..4Y0.°92 1.0 d

92107 dYD;

. dYD INAN ZAVIdEY

100 "us<

A0 LYA 90

dYDININ AYIJdEU.




M22/21-901/2

n° 30

Oscillogram

FERRO-RESONANCE a 1,2 Uy,

10 °0E-:51 19888 A €0 _LYQ9Z107dYDINAN 1AV IdIY

10€ "0-:8°1 €8

-18 1

120 Ava

9SO dVD i NEN

1 19a 008

TAYD INON_ i AVd3Y

TAVIdEY

1°062-:81 &8

-8 N

10 Ava

R FALEL BRTLE R

TAVIAEN .




M22/21-901/2

1

-
3

n°

Oscillogram

IGZ "1-:§°) 19%8a 0 (C0 LYQ "9 0T dYD NN FAYTIIAY jURRa NAIP/%310A 2900 331104 00SZ 71 iSH QOGS "1=i81 19882 0 €0 F<ﬁ.ow_clmlcm!mi PAVYIdAY

106 *0-:18°1 28-18 1 120 LYG "9Z107dYD NN 1AV | 2$-18.1A1P/¥110A SZ0°0 V(A 000S 0 :SH Q00§ 0-3i§7. 25-18 1 120 LV 92107 dVDINaN SAVIdaY

FERRO-RESONANCE a 1,9 Uy,

00 °€-:S71 ¢8-1S N 10 AVY "9 107 dYD I Nan SAYIdEY 28-18 NAIP/%3I10A 980 70 83104 ccccﬂm (BH Q000 E-:87 @S—-18 N 10 LVGA 92107 dVD WAN :AVIddY




M22/21-901/2

I

ne;

Oscillograny

FERRO-RESONANCE a 1,9 Uq,

ISE "1-:87 1eE8a 0 €0 LYGA 'L 107dVYIINT

—i87. 19882 0 €0 LVA RS0 TdVYD I NIN CAVTIdEY

IS 018 BS-18 1 20 LVA RS 10T dVD]

“dYO INEN . 1AYI4EY

JOU 'V -:81 &S-18 A 110 LYQ "SIV dYD I NAN _CAVYTIdAY

~I8 NAIP/BYIOA VI




M22/21-901/2

n° 33

Oscillogram

FERRO-RESONANCE a 1,8 U4,

PSH 0062 TA-:S71 19sEa n g0 Lvd .ON_O;I,.L(D"ENI...;IJM&m“ ..

.19%898 (0 1E0 AVAOZ10TAVOINAN AVIAEY

S O00S C0 8T 8IS 1 2EU AVA RGO AVYD iU AVEENY S8 18 1ALP/W1 104 Q20D M1 10A 000S °

tEN BO0S

-8 2818 1 S0 AVU CRSIOTAVO INEN AVTIdHY

*SH 0000 °P-:81 &S-1S N 10 LYA 9210 dVvD: SS-AS NAIP/BYIOA VLG B310A 0000

Q00.°y

H.Q

$1 . 25-18 N P10 _AYG OG0 dVDININ TAVIdIY




M22/21-901/2

n° 34

Oscillogram

FERRO-RESONANCE a 1,9 Uin

CSH O OUSE 181 tevsxd 0 1E0 LVA TS0 dVDININ AV LYY TUNKRO ONAIP/RILOA 2000 ¥110A QOGS L IS DOSE "1 1871 1usRd 0 TED AVA "9SID dVDINHW AVIIdHNY

ISH 000G "0-:8'1 &S-18 | 120 AVG 92107 dVO INEN 1AV 14T S-S 1A1p/8110A G20.°0 SVI9A 000S 70 :SH Q008 0-:87T 28-18 { 120 VA 92{0 dVI:INIW AVIdR

PSH 0000 "P-:ST €5-1S N 10 AVA IS IO dVIININ AVIdAY eS-18 NALP/EYIOA VILQ 8310A Q000 Y. :SH 0000 'P-:87T 28-1S N 10 LVA 92107 dVOININ AYVTdR




M22/21-901/2

s\,
o

nO

Oscillogram

99Uy,

FERRO-RESONANCE a 1,

ISH 00SE "1-:5']1 r19esse n g0 P<ch«_=|&(vu2m2 :

AVIAAAY {USE8 NALP/SIIOA 290 "0 ®110A 00SZ L :Sil 00Se"1-:87 tvsno N 0 AVG RSO dYO ININ FAVIIdUY

ISH UU0S "0-:IS1 2518 1 S0 VA T9S LU AYD NI

SAVIG A

25-15 I1A1P/¥110A GEO 0 83194 000S°0

:SH_000S "D- 51 3S-15 | *Z0.LVG "92107dVD N3N :AYId3Y

ISH Q00U "v=:81 2S-1S N 10 Lva’ 9210 4vD:wa

‘v _iSH Q000 P=:S71 2S-1S. N 10 LVQ 9210 dYDININ AVIdEY




M22/21-901/2

n° 36

Oscillogram

FERRO-RESONANCE a 1,9 Uy,

SZ°1-:51 19882 0 €0 LYQ "9 10T JYDININ AV 13U

1UBE8 OAIP/BIIOA 29070 F110A 00se "1 S-IST) teENS o iEq AVU 9SO dVI NGNS AVIIAEAY

06 "0-:S7 25-1S | 120 AVQ 9310 YD WIN _AY’]

2515 1A1P/81104 S30°0 S110A 00050 SH QUUS 0-:S71 S-15 1 (20 AVA 9CT0TdYDININ AVIduY

00 v-:S7 2S-1S N 10 LYQ 910 JYDINBN AYIJAY

€S-18 QA!P/SVIOA PIL "0 B110oA OUUO TP SH QUUY P-:8T S8-1S N 11U LVA 9210 JdVDI:NIAW :AVIdEA




M22/21-901/2

n® 37

Oscillogram

Q0SS "1-:S7 t1essa n €0 LYU 9SS0 YD ININ. AV IdEY

1UEED NAIP/BYIOA 29070 53104 00SS 1 3SH 00SE "I-:871 teEss 0 g0 LVd TOSLOTAVO I NAN  AVTIAHY

000S "0-:87 &5-18 1 20 Lvd "9C10 dVDINIW :AYTId3Y

2S-1S 121P/5310A G200 E210A 000G "0 :SH 000G ‘0-:871 28-15 1 20 AVGQ 9210 dVO IWIN TAVIJAN

\

FERRO-RESONANCE a 1,9 Uy,

0000 °v-:81 SS-I1S N 10 LY(Q "9210 dVI:NIN AVYIL3Y

ES-1IS NARP/BIIOA V1L "0 BILIOA 0000 " :SH DOVU P-:ST 2S-1S 0 P10 LVA "92 107 dVOIWIW AV IdHY




M22/21-901/2

-n° 38

Oscillogram

Z°1-:81 19883 n €U LVA 9SO dVIIWNIN AV IAAA 1888 NAIP/8110A 2900 B3I10A 0USS T ISH 00GS "1-:871 1°883 n €0 Lvd GSLOT AV IWHW TAVIIdHY

SU-!S1 E8-18 1 120 AVQ 9SO VI ININ TAVIdEY 2S-1S IAIP/¥VIOA G2U 0 BI10A 000G "0 1SN 00US “0-:§71 S5-1s | 1¢0 4vd TYSIU T AV I NEN P AVIIdEY

FERRO-RESONANCE a 1,9 Uy

Ov-:81 S5-1S N 10 LVA "9SS 10 dYD I NIN AVIdAAY ZS-1S NAIP/RIIOA ¥IT "0 S3[0A 0000 ¥ :SIt 0000 'P-:8T &8-1s N 10 Lvd ‘92107 dVYO I NIAN AV TdEA

WA



M22/21-901/2

n° 39

Oscillogram

FERRO-RESONANCE a 1,9 Uy,

Q0SS "1-:57) 19883 0 €0 LVG "9S10 dVYD IWAN AV IdHYA LONRD NALP/RIIOA 070 BI10A (USS 1 ISH QOSE T1-31571 tvRRa () 1E0 AVA 9SO VD IWHN AV IdidY

000S "0-:871 28-1S | :230 4vy "SI0 IVOINEAN I AYTIdAY | €5-I8 1A1P/B310A G200 %3(0A 00QS "0 :SH 000S ‘0-:81 2518 | 120 LVA 9210 JdVOIWIN AV IdaY

Y,

QUUO V- i85 SS-18 0 10 VA "9SIU VD IWEN AV 143 €818 NALP/SIIOA VLI " S3II0A DUOO Y SIt VDOUO F-:S1 ¢5-1S N 10 LVG 910 dVIINEW CAV'IddY




M22721-90172

n° 40

Oscillogram

FERRO-RESONANCE a 1,9 Uy

LP/ELIRA 29070

31 ,.19880 N 1EO LVA Q2107 YD IWNEN CAVIdAA

008 "0-:81 &S

20 LYQ ‘92107 dVD 1 NaN

A AR

AVG B2 107dYD ININ AV IA8Y

JU00 v-:187 ¢

P10 AYA T9S107

3

=18 .0 110 LVA TS0 AV INEIN AV Idad




Oscillogram  n° 41 M22/21-901/2

POSITIVE WAVE SHAPE

vy Vo= 1847.8wV Tl= 2.18us_ T2= 53.9us |
e L L -

T

1eea
328
828
7088
gea |
sa@ |
42a
308

288

lae

5] gt et ol e e T 1 S SR SR I LR e S p= Bl T aby g SF R 3 R R St oy I R R I S K SR e S FF-F4=T-h
A3 35 4B 64

J PSS T T S SIS W | PARTEPURT ST VN T U SUU TN S W U A ST WO SH VT G S S S

PR Y PR S S S S S Y
5] .8 1.6 2.4 3.2 4
POSIUL1ISI] (R= 4320.88) micro sec.

15 POSITIVE LIGHTNING SERIE

Choc ESSAI HM 22 ~ 21-3@1-,2




Oscillogram  n° 42 M22/21-901/2

HF CURRENT OF THE FIRST POSITIVE LIGHTNING

(A

3000. 020
<% 20.00
2409.00
2438.00
-41800.0a
A530.00
490.80

4100. 80

£00.00

%00.90

R e e v il N B s B il et el s A D o ot R e . ain sl Vof o =g ef e — 4 - (DRt i

1 L I s 1 3 L 4;._1

i
6 i2 18 24 30
POSLI21847 (R=~ 100.98) micro sec.

HF CURRENT OF THE FIFTEENTH POSITIVE LIGHTNING

(R

3@a0. 20
2129.080
24ve.0a
1429.09
4£03.00
4530.00
4 ¢9e.00

3'93.00

§00.00

}BB. oe

t +ot— -+ 1 bttt --«--[——o—;——o—a—-}——-&--.——»—-o——* —t

i ‘ A A N "

12 18 24 39
POSII21311 (R~ 100.0@) micro sesc.




Oscillogram  n° 43 M22/21-901/2

NEGATIVE WAVE SHAPE
uvi[ Vec-—1846.8kV Tl= 2.18us T2= 54.lus |
a
-iea
-2ea
-308
-400
-520 |
-508
-70@
-gea
-see
-10e8 }
- et "E"'—"L';'i';.—: "L'; rtle ol vy M i O ‘Il"- Ty S S W ur 'y ';}7 y - > ¥
16 32 4% 64
22 2 lL..LI-.;:K:...l-n.jln...L..-Al:..:lJJxll..:L
Q .8 1.6 2.4 3.2 4
NEGAU128@3 (R= 4329.2@) micro sec.
15 NEGATIVE LIGHTNING SERIE
Choe SERIE : 15 NEGATIF ESSAT HM 22 ~ 21-3@i/2
15 v
i
u-\




Oscillogram  n°® 44 M22/21-901/2

HF CURRENT OF THE FIRST NEGATIVE LIGHTNING

(A)

-3en.00
-é00.00 |
~9e8.0@ +
-4220.80 |
- gsea.0@
~-4898.00 |

~1408.00

-2420.00 |

-1%00.00 |

-3080.0Q |
L A " 4 . s "
a 6 te 18 24
NEGARI2139S5 (R~ 109.@) micro sec.

38

HF CURRENT OF THE FIFTEENTH NEGATIVE LIGHTNING

(A)
. - - R 1

g g +
-3998.00 \

-~608.00 {

-$20.08 |

-12e.a0 +

~452a.08 t

~i/28.09 t

-ll9d.20 +

-2400.00 |

-llge.00

-}BOB.BB I
A 1 L ' 1 L 1
e 6 12 18 24 3e

NEGRIZ2803 (R- 12d.00) micro sec.




Oscillogram  n° 45

Ul POSITIVE WAVE SHAPE
U1 =101,4kV

(kW3] Vcce 101.4%V Tl= 2.45us T2~ 51.4us |
138

120
118 |
108
s
ag
7e
1)
sa
48
30
20
19

+

L ‘ L 5 L sl

N 1.,
1.4 2.1 2.8 3.5
micro sec.

U2 POSITIVE WAVE SHAPE

[ Jf PGS | WUDPANE N PRI UST QU SIS YSQ RN VOO NU I W S M S PEVERE S SRS ERT AT BTSRRI B B S8 B S e A [

At a— 1 “—k 1 1 3 . 1 —— o

M22/21-90112

ot ot b fod
+
RN |

i N
2 14 28 42 56

72

micro sec.



Oscillogram. . 1n° 46 M22/21-901/2

POSITIVE WAVE SHAPE AT 50%

(xv3] Vce=  42.6kV Tl= 1.4lus T2= 49.5us__|

63 ¢

56 ¢

49 t

o oo —

ARt /A o B T o B e e B et
Y 28 42 53
:
.L.AL‘_...l...,1....1..;.xl,..x..L.l,l.JL,-_.__L_._J_....1,...11
e .7 1.4 2.1 2.8 3.5
micrc sec.
1S2-P2 CURRENT AT 50%

||‘£t ;I_H_

| s2-p2 = 42 A créte

1 s EHL



Oscillogram  n° 438 M22/21-901/2

NEGATIVE WAVE SHAPE AT 50%

evsl Veem —46.5kV Tl= 1.36us T2= 48.3us _|

b

—»++4~k+4—»04;»++4—% PO PRI JEPRTRE S SR T A A -A~J§EL»+4—++4—h++4—»r 1

Cm—

LIALAIJIIll.lllLlLlllLlllllllLLLl‘ll.lllel

PR SNY a sl a s a4
a .7 1.4 2.1 2.8 3.5
micro sec.

tea v
-42.2 v

| s2-p2 = 44 A créte

I s EHL



Oscillogram  n° 49 M22/21-901/2

5 NEGATIVE LIGHTNING SERIE

SEAIC 1 8 - CESAL Wt 22 7 G7-s0e
1
i

i

hae

|

[oY
3 32 48 € [T]

1 S2-P2 CURRENT OF THE FIRST NEGATIVE LIGHTNING

1 ps l
Wy } 1
-9, & v S e li\-& JOPIT, PRI (AP IR T .l
v v ] b
X | s2-p2 = 90 A créte
] 1
I ps EWL

( 1S2-P2 CURRENT OF THE FIFTH NEGATIVE LIGHTNING

1 s
RN

-95. 0 Y

| _ | 52-p2 = 90 A créte

1 ps L



Oscillogram  n° 50 M22/21-901/2

Front time = 199 ns
Peak voltage = 100 V

: .
ﬂ—-——— [ \ 1
1 ops
0.0y
-79.9 v \
1\ ]
F
S 1 ps EML T
B evgmy OC % At 199.6 ns Ly S.02% MK
Half level time = 55.8 ps
Iy ld
. il
*“—"‘—‘_ i 3]
1 ps
h
-S0.6 Vv 1 P
[ e v 1
+ ] s //
1 //”’T
//‘
..
g
19 ps EHL T
0 208m OC G st 5530 ps W 17.921 kK

Voltage to S1-S2 terminals = 24.69 mV (peak value)

[ S K]

IR
io24.69my

N

ns EWL T



RiE] sl 1

-—

a)a10 v ¥8 = 2d-Zs |
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sl |

\ i ,, |

ONINLHOIT HALLISOd HLAII FHL 4O INTIIND ¢d-CS 1

m™a sl

31910 v $8 = 2d-gs |

FLRR I 2
fotae
sl |

DNINLHOIT JALLISOd LSYId HHL 0 INTYEND ¢d-TS 1

ATYAS ONINLHOIT JALLISOd §
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