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Tests witnessed by —

Identification of the object effected.

The Manufacturer guarantees that the tested object is manufactured according to the submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the essential details and the parts of the tested
object.

This drawing identified by CESI and numbered A5/010293 No.1 is annexed to this document.

Only for laboratory requirement, in order to reproduce the test conditions. all the laboratory data are contained in the
document marked: A4/518379

The measurement uncertainties of the test results reported in the document are the following:

voltage: =£5% ; current: £5% ; time: =5 % temperature: +2 °C
The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of
normal distribution. to a confidence level of about 95 %) and have to be considered as maximum values.

Receipt date of the sample October 8, 2004

Activity code 44836Q
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Metal-oxide surge arrester e [
Manufacturer L , __ 1ZOELEKTRO
Type o o 2SS15N
Drawing 21-48-00
Rated voltage (Ur) o 45.0kV
Maximum continuous operating voltage (Uc) e 36.0kV
_Rated frequency o e . 50/60Hz

‘Nominal discharge current (8/20 ps i111»pulysdfefsllaper)w ___:“_* ”__.:M_M o - 10kA

Line discharge class e | o 1
_Pressure relief class e i e
~ High current S ~ for020s ; 200kA

D1013IG
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D8000 - Test arrangement

—

B |®
+ T 00000000000

- C
1: Surge arrester A:1,00m
2 : Flexible conductor B:040m
3 : Rigid conductor C:1,80m
4 : Support
5 : Circular enclosure

The arrester to be tested was fixed on a support at 0,40 m to ground in the middle of a circular enclosure of 1,80 m in
diameter.

The live side of the supply was connected to the upper end of the arrester while the return circuit, earthed, was connected to
the lower end.
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Test circuit D0046

Test object

Supply Us U

. )

Symbols used in this diagram are the same as those on the oscillograms.
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Photo no. |
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Photo no. 2

Photo no. 3

MOD. DI0911G-R00
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Photo no. 4

Photono. 5

MOD. D10911G-R00
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Photo no. 7

MOD. Di0911G-R00
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Photo no. 8

!

Photo no. 9

MOD. DI0911G-R00
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Photo no. 10

MOD. D10911G-R00
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| PUBBLICATO A4522500 (PAD - 620939) |

Client

Tested equipment

Tests carried out

Standards/Specifications

Test date

[ZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)

Polymer housed metal-oxide surge arrester type 2SS1SN

Long duration current impulse withstand tests

IEC 60099-4 (2004-05)

from December 10, 2004 December 16, 2004

The results reported in this document relate only to the tested equipment.

Partial reproduction of this document is permitted only with the written permission from CESI.

No. of pages 20

No. of pages annexed 25

Issue date February 23, 2005

Prepared BU PeC - M. Gregori Uuucnio Jﬁﬁ:ﬁ/\/t

Verified BU PeC - A. Sironi j\QQ\,, 5

Approved BU PeC - M. de Nigris
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http://www.cesi.it



Al1001IG

Test Report CESI ‘)ﬁ[]@@ A4/522500

a® 0030 Approved Page 2

Tests witnessed by: —

Identification of the object: The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.
CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.
This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage : peak voltage: +3 %; time parameters: =10 %
- dielectric tests with impulse current : peak value: +3 %; time parameters: =10 %

- dielectric tests with alternating voltage : voltage (rms): £3 %

dielectric tests with direct voltage : voltage: £3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information

Receipt date of the sample November 29, 2004

Test location CESI — Via Rubattino 54 — Milan
CESI testing team Mr L. Podavitte — Mr I. Guacci
Test laboratory P177

Activity code 19774B
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Test object characteristics

type: Polymer housed metal-oxide surge arrester section

electrical characteristics (assigned by the client)

Manufacturer's name IZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)
Nominal discharge current - Iy [kA] 10,0
Rated voltage - U, [kV] 0,9912 x Uref.
Continuous operating voltage - U, [kV] 0,7930 x Uref.
Reference current - I.¢ [MA] 1,4
Line discharge class 1
Rated frequency - [Hz] 50-60
year of manufacture 2004

geometrical characteristics (measured on the test sample)

Height [mm)] 195
Number of sheds 5
Shed diameter [mm] 117
other characteristics
Housing material Silicone
Housing color grey
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Photono. 1
Panoramic view of the test object
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Reference Standard

IEC 60099-4 (2004-05) Clause 10.8.4
“Metal-oxide surge arrester without gaps for a.c. system”

Test carried out Number of sample tested

Long duration current impulse withstand test 3

Test object identification

Test object name Identification of test sample (given by Cesi)

polymer housed metal-oxide surge arresters section LD1-LD2-LD3
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Test procedure

- The power frequency voltage at reference current (Ier= 1,4 mA ) has been measured

- The lightning impulse residual voltage at Iy = 10 kA has been measured

- Eighteen long duration current impulses with the specified calculated energy (see pag.12) and virtual duration of 2000 ps
have been applied in six groups of three operations.
Intervals between operations of the same groups have been about 60 seconds; between different groups the samples have

been let to cool down to near ambient temperature

- After the eighteenth impulses the test sample have been cool down to ambient temperature and a nineteenth impulse has
been applied

- The measurement of the lightning impulse residual voltage at Iy has been repeated
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Variation of lightning impulse residual voltage at Iy
. before test after test o
satple discharge current | residual voltage | discharge current | residual voltage variation
kA kv kA 3% %
LD1 10,20 37,37 10,20 37,17 -0,54
LD2 10,00 39,19 10,00 38,98 -0,54
LD3 10,15 37,77 10,00 37,98 -0,56

Visual inspection and summary test results

The visual inspection of the metal-oxide surge arrester after the test has revealed no sign of physical damage. The variation
of lightning impulse residual voltage before and after the test was less than 5% (maximum allowed variation according to

reference standard is 5%).
The oscillographic record of the 19" impulse doesn’t reveal any sign of internal discharge.
All acceptance criteria according to the reference standard are satisfied and therefore the result is to be considered

positive.
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Power frequency voltage-current characteristics. IEC 60099-4 Standard

Test circuit:  A0019

Date: December 10, 2004

Sample No. LD1

Oscillogram Voltage current current current power 3rd harmonic amplitude
No. kV + mAg -mAg MA s w HA
1 14,79 0,98 1,40 0,611 5,07 ---

Sample No. LD2

oscillogram Voltage current current current Power 3rd harmonic amplitude
No. kV +mAg -mA, MA s W LA
2 15,05 1,0 1,41 0,594 5,18 ---

Sample No. LD3

oscillogram Voltage current current current Power 3rd harmonic amplitude
No. kV + mA, -mA, MA s W uA
3 14,88 1,04 1,41 0,607 5,25 ---
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Long duration current impulse withstand test. IEC 60099-4 Standard
Lightning impulse residual voltage measurement before the test
Test circuit:  A0120
Date: December 13, 2004
R t i Disch
Sample equested | - Charging Oscillogram Current 1schatee Residual voltage
current Voltage waveshape current
No. KV No. s kA kV
LDl 51,0 4 8,0/19,4 10,20 37,37
LD2 Iy 52,0 5 8,0/19,4 10,00 39,19
LD3 52,0 6 8,0/19.4 10,15 37,77
Oscilloscope settings
Sampling division input attenuation
us Viiv
Current 5 0,5 50:5
Voltage 5 1,0 50:5
Notes:
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Switching impulse residual voltage test. IEC 60099-4 Standard
Test circuit:  A0122
Date: Decemberb 13, 2004
Sample Requested | Charging Oscillogram Current Discharge | Residual Switchin'g impulse
current voltage waveshape current voltage protection level
No. A kv No. [T A kv kv
LDl 125 289 7 31/86 127 27,67
LD2 125 29,1 8 31/86 122 28,28 28,28
LD3 125 29,0 9 31/86 123 27,88
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 20 0.5 5:35
Voltage 20 1,0 50:5
Notes:
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Long duration current impulse withstand test. IEC 60099-4 Standard
Voltage correction factor and energy calculations
Date: December 15, 2004
Sample Uber kU, kU, U [N
[1] (2] (3] (4] [5]
No. kv kV kV kV kV
LD1 14,77 14,64 11,71
LD2 15,05 0,9912 0,7930 14,92 11,93
LD3 14,88 14,75 11,80
[1] Uper : measured reference voltage
[2] kU, : maximum guarantees factor for calculation of Ur
3] kU, : maximum guarantees factor for calculation of Uc
[4] U/ : corrected rated voltage [4] =[1] x [2]
[51U : corrected continuous operating voltage [5] = [1] x [53
Sample ur' UL Vies T Z W w'
No. kV kv kV us kv kV kV
LD1 14,64 46,88 2000 71,79 14,809 1,012
LD2 14,92 47,74 27,67 2000 73,11 15,195 1,018
LD3 14,75 4720 2000 72,73 14,954 1,014
Vies : switching impulse residual voltage
U, T,Z : see table 5 of [IEC 60099-4 Standard
W = Vies X (UL - Vies) x (T/ Z)
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Long duration current impulse withstand test. IEC 60099-4 Standard
Test circuit:  A017
Date: December 15, 2004
Sample Impulse Charging voltage Oscillogram Peak current Residual voltage Energy
V. I V,; E
No. No. KV No. A kv kJ
1 28,50 260 25,70 16,10
2 28,50 265 25,70 16,0816,00
3 28,50 10 263 25,80 15,30
4 28,50 258 25,80 15,28
5 28,50 255 25,80 15,10
6 28,50 253 25,80 15,30
7 28,50 255 25.80 15,47
8 28,50 260 25.80 15,40
D1 9 28,50 13 255 25,80 15,40
10 28,50 257 25,80 15,30
11 28,50 256 25,80 15,22
12 28,50 255 25,80 15,25
13 28,50 255 25,80 15,05
14 28,50 251 25,80 15,25
15 28,50 257 25,80 15,37
16 28,350 250 25,80 15,05
17 28,50 250 25,90 15,10
18 28,50 16 252 25,80 15,15
Notes:
Measured waveshape
virtual duration virtual total duration
us us
2060 2610
Oscilloscope settings
sampling division input Attenuation
us Vv
Current 100 1,0 10:5
Voltage 100 0,5 50:5
Continued
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Continued
Date: December 15, 2004
Sample Tmpulse Charging voltage Oscillogram Peak current Residual voltage Energy
Ve I V, E
No. No. kv No. A kv KJ
1 29,0 262 26,0 16,10
2 29,0 260 26,0 16,00
3 29,0 11 266 26,20 16,10
4 29,0 262 26,11 15,95
5 29,0 263 26,71 16,00
6 29,0 262 26,70 16,00
7 29,0 265 26,70 16,44
8 29,0 266 26,70 16,30
LD2 9 29,0 14 265 26,50 16,06
10 29,0 268 26,20 16,32
11 29,0 260 26,20 15,80
12 29,0 266 26,20 16,20
13 29,0 264 26,20 16,06
14 29,0 259 26,25 15,75
15 29,0 254 26,30 15,45
16 29,0 262 26,20 16,10
17 29,0 260 26,30 15,95
18 29,0 17 255 26,25 15,70
Notes:
Measured waveshape
virtual duration virtual total duration
us us
2060 2610
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 100 1,0 10:5
Voltage 100 0.5 50:5

continued
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Continued
Date: December 15, 2004
Sample Impulse Charging voltage Oscillogram Peak current Residual voltage Energy
V. I V. E
No. No. kv No. A KV kJ
1 28,50 255 25,80 15,50
2 28,50 252 25,80 15,20
3 28,50 12 252 25,90 15,25
4 28,50 254 25,94 15,34
5 28,50 253 25,90 15,10
6 28,50 252 25,90 15,06
7 28,50 250 25,90 15,10
8 28,50 250 25,90 15,09
LD3 9 28,50 15 255 25,80 15,30
10 28,50 254 25,80 15,27
11 28,50 251 25,80 15,04
12 28,50 258 25,90 15,50
13 28,50 249 25,90 15,06
14 28,50 248 25,90 15,09
15 28,50 248 25,90 15,05
16 28,50 256 26,20 15,69
17 28,50 249 25,90 15,05
18 28,50 18 248 25,80 15,00
Notes:
Measured waveshape
Virtual duration virtual total duration
us us
2060 2610
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 100 1,0 10:5
Voltage 100 0,5 50.5
continued
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Long duration current impulse withstand test. IEC 60099-4 Standard
(check the integrity of the internal parts with an additional shot at ambient temperature)
Test circuit:  A017
Date: December 16, 2004
Sample Impulse Charging voltage Oscillogram Peak current Residual voltage Energy
Vv, I V, E

No. No. kV No. A kv kJ

LDI 19 28,5 19 258 25,80 16,20

1LD2 19 28,5 20 268 26,20 16,40

LD3 19 28,5 21 256 25,90 15,60
Notes:

Measured waveshape
virtual duration virtual total duration
us us
2060 2610
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 100 1,0 10:5
Voltage 100 0,5 50:5
continued
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Long duration current impulse withstand test. IEC 60099-4 Standard
Lightning impulse residual voltage measurement after the test
Test circuit:  A0120
Date: December 16, 2004
R ted | Chargi Disch:
Sample equieste ATEINE Oscillogram Current waveshape 1seharse Residual voltage
Current voltage current
No. kv No. us kA kV
LD1 51,0 22 8,0/19.4 10,20 37,17
LD2 Iy 52,0 23 8,0/19,4 10,00 38,98
LD3 51,0 24 8,0/19,4 10,00 37,98
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 5,0 0,5 50:5
Voltage 5,0 1,0 20:5
Notes:

Al1148IG
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Circuit A0019
D
m
1 |
RE T | |
Test object | I |
. L
c o — |
| —
= _T_ VY Ty
measuring systems
Power frequency supply
RE - programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32191
PC - personal computer
T - voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200 V/15-30 kV

Current measuring system
R - Current shunt CESI No.31120; R=941,4
- Electro optical system CESI No.11517/518; attenuation 5:5

OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090

Voltage measuring system
D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11521/522; attenuation 50:5

oscC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090
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Circuit A0120
S L D
> < SYTYTY L
(N
|
Test object | |
T
___ G4 |
7 |
| ]
sh —_
p— ) Y A

measuring systems

Impulse generator

No. of stages 1

Cg 4,98 pF
Lc 10 uH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11521/522;
0OsC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI N0.6042; R=2 m; peak current= 250 kA
- Electro optical system CESI No.11517/518;
0sC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A01201G
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Circuit A0122
S Lc D
{>< YV
|1
|
Test object |
|

| |
||
O
«

Sh — —_

— L { Y\
meosuring Systems

Impulse generator

No. of stages

Cg uF
Lc uH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No 11521/522
osC - Oscilloscope type TEKTRONIX TDS 5404A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI No.6037; R=20 m{}; peak current= 250 kA
- Electro optical system CESI No 11517/519
0SsC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A014IG



CESI Pec A4522500 oscillogram n. 1



CESI Pec A4522500 oscillogram n. 2



CESI Pec A4522500 oscillogram n. 3



>Ect| Eu mzoo zf

.is _ E g >=_8m Eu

T+« ¢ o+ 7

....................

oscillogram n. 4

PeC A4522500

CESI



g }Ecom

oscillogram n. 5

PeC A4522500

CESI



>Eom¢| Eu mzoo zf

>oo—

........

oscillogram n. 6

PeC A4522500

CESI



A T I T T T T T S T T T T T U U

shoy b $/SW0S 7 KNS ¥l

oscillogram n. 7

PeC A4522500

CESI



>Eco@| .... LYo mic oN 3 3@ } 00’ —

...............................

..........................................

.................

I N T T R T T I T T T T T

TS SRR T T U T N N T TR S S S S

S/SIN0S 7 KIS Mal

oscillogram n. 8

PeC A4522500

CESI



-

+Z

oscillogram n. 9

PeC A4522500

CESI



sHooS AA 00 F LUlen

.....................
...........................

............................................................

............................................................

WAAWZ658'SL-|
EolV LIN

N

N_OI X c ta} X0 F Eoom m:u m “ta

..........
T N I I T Y T N VT S S TS T T S TR WU S S SN N S |

oscillogram n. 10

PeC A4522500

CESI



sHo0S AA 00 Lylen

WAAWGIZL9L-|

eoldV LN

e 14 7

....................

2IOH XZ'0 M

PAX0 L (W00Z1UD ;. fw

T

sbov ¢ 5/6400S HLYE 381

oscillogram n. 11

PeC A4522500

CESI



sH00S AA 00D LYle

>E§T ? LY m:.o.o.m. W .gm. ?o.o. .__ .ﬁ_u. | s.. 00 _. : Lol
............... .,....!ifm

l;ff ............... }
I AAWSE80 SL-[?
BV LW A
: . NE:.x.N. o. . .H._ma.xc. _. . .EEN. .E.u. o w
i 4 4]

5/53005 HEHS Yol

oscillogram n. 12

PeC A4522500

CESI



sHp0S AA OO P Lyrew

................

s

....................
.....................

....................
..........

PR H Ehhis R St Sk A S S B S B
[ 3Nt IR S B : H

...........
....................
.........
...........

AALIZSOR b -[P
eIV LN b P

N._oz X7 c ES X0 _ Eoom Eu W L w

...........
........

PR SR T : - ..__TH

sboy z 5764005 KOS Yol

oscillogram n. 13

PeC A4522500

CESI



WAAWMZELE 'S -]
BolV LI

sHo0S AA 00D Lyle

LENL SN B AR S S S SR A A A A S B B B

L b -y

s .NE:.XN. c. _ .:g.xa .f . .EE..N. _E.u. i L
i 2y . s

sboy 0¢g m\%_oom :do1SETN

oscillogram n. 14

PeC A4522500

CESI



oscillogram n. 15

sH00S AA 00D LYylew
AWOS6-_ N\ LUD srioos W'y A00TL.CUJ AQ0L Lum

.......... ,IIILTN

............... [;,,rL

IAAWZEQZ SL-|

_mwl—{ —'—__JL T < 0 S

w_o: XZ’ o. . .:.m.p.xo. "_. » .Eoom. .E.u. L o
....... I s ]

s/5300S KIS 38l

PeC A4522500

CESI



AAWSZLO'SL-L

el LIV

sH00S AA 00D Lyjew

........................

..............................

..............................

.......................

rlinfm

..........................

NB: X" o :m:., X0 _ Eoom Eu W 4w

.......................

]

shoy 7 5/53005 HEMEE Yol

oscillogram n. 16

PeC A4522500

CESI



sHoos AA OO P LYylew
Awios6- . LUD srioos Wiy AQ0TL ZUD M A00-L THR
................... . . :
IAAWMBOES S|
BRIV LW ]
: E:.ﬁ.c.:H._@?é:_:_EEN_.EU:. _____ N
| MH ¥ e ]

5/53006 HEBNS %8l

oscillogram n. 17

PeC A4522500

CESI



sHO0S

AAOOP LUIeW

IAAWSSES P -|

EolV | IN

........................

..............................

.....................

..............................

..............................

Nsu g }8_ | 4]

«1.1”&

m._oI X’ o twb X0’ —

R T T I T T T N T YR T T T VNN S S T VN N Y T S S U S JU- S S S NS S-S

Eoom :._u : “«E

.._IAI "H_

5753005 MBI 3ol

oscillogram n. 18

PeC A4522500

CESI



sHO0S

AN OO Lylew

WAAWSBLIZ 9L -[

eolvV LI

NLOI X’ o

tm} X0’ —

_coom_su w 4w

o]

s/5300S KO %ol

oscillogram n. 19

PeC A4522500

CESI



sro0s AAOO'P LYIEW

...........
...............

IAAWORE8°0L-|

ealvy LN

Iw

oscillogram n. 20

PeC A4522500

CESI



sHO0S AA 00 LYyle

........................

IAAWLEZE S|

eald¥ LA

..........

.........

.......................

(G

l-l.Al "”—

s/53005 MO

A=l

oscillogram n. 21

PeC A4522500

CESI



}thvl ._.. LYo 28 mz; >8_ E g >E§m LYD

.........n..J. ............

................................

.
R N N N T T T T T B T T

T N T N T YT T T S T TN SUE SO A TR N S

s/so°01 KU yal

oscillogram n. 22

PeC A4522500

CESI




..........

oscillogram n. 23

PeC A4522500

CESI



.,E_Evl H LYD m_.:s S 3 ._i:: E g >Eccm LYD

........................

...........................................................

T S T T N T S T T T T ST TN TN SN TN ST SN T TNUE TN S TN TNNT TN SUNN S SHNT ST RN SN N SHN-S SN N SN N SN S S A

s/SIW0 01 HEIE yal

oscillogram n. 24

PeC A4522500

CESI



eI

AERE N

OTICDOLOHd

| appz]
- oo—=2t — 1=
7 33ys) Wpoy | raguady
Gnzaabund o | E0RT| iagong
NCISSZ HILS3ady 49dnsS Tosasbung 4| E0K1f5pa 6800
HnH N | E0RLE [nojapz]
S T T e
&=
o O LAT
iay als wamseay| T B89L20S]
BEE pOE [ED =7 v07 ar 6l-8F-12
8EE F9E (=3 21 vor g'er Bl=8¥-12
0E OCE 062 11 o7e. | 0ob L1-8p-12
+OE DEE 06 11 0LE [S4 2i-Br—-12
152 2ite LE2 B e GE Si-Bv—-12
G2 iie LE2 8 Z1E e vl-8b-12
152 JE] [E2 8 Z1E 0E c1-gk-12
o2 0E2 o6l 7 0lz e 21-Bh-i2
e DEZ 061 L 0ce [EEE) Ti-8b-12 |
voz DE2 061 7 uce 52 ol-s8t-12 |
LET £n2 £31 9 Eve c'ae &0-8+-12
LET £na £91 g = (AL 02 go-8r-la
LL1 EoEL £91 B £rad = Z0-Bb-12
VER egl £11 c £61 =5 30-8b-12
Zan £Sl el & £61 g'al S0-Bb-12
£at £al CEae c £6l o1 v0-BF-12
18 L0T L9 £ el 5z £0-Bv (2
8 Z01 /9 B vn | s 20-8b-12
18 Z01 (9 £ "W L IELE I0-B¥-12
b CLabdy i uilly (sody iy EAMY
171 sdidas | H §He puZ sofd | H o HBIaY e
7 3ubBuaT | 4o 3ybuan AQ4 Dady | 4O daguhy | Jeysauay | <N

ofapa.d uuzoY

A Do (auaauads (o
wannad nfueqauaad |
"L AT e TRV

an Sz?_m.

T

LN

|




[[PUBBLICATO A5003349 (PAD - 621213) |

o
Prepared P P BU PeC - L. Podavitte ]A(\_L\f:, =
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CES I ‘) A5/003349
Test Report Approved Page |
Client [ZOELEKTRO d.0.0. — Pesnica Pri Mariboru ( Slovenia)
Tested equipment Housing for polymer housed metal-oxide surge arrester

type 2SS15N

Tests carried out Insulation withstand tests
Standards/Specifications IEC 60099-4 (2004-05)
Test date from January 31, 2005 to January 31, 2005
The results reported in this document relate only to the tested equipment.
Partial reproduction of this document is permitted only with the written permission from CESI.
No. of pages 13 No. of pages annexed 5
Issue date February 23, 2005
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Tests witnessed by:—---

Identification of the object:

The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.

This drawing, identified by CESI and numbered AS006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage

- dielectric tests with impulse current

- dielectric tests with alternating voltage
dielectric tests with direct voltage

: peak voltage: +£3 %; time parameters: =10 %
: peak value: +3 %; time parameters: £ 10 %

: voltage (rms): £3 %

:voltage: +3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information
Receipt date of the sample
Test location

CESI testing team

Test laboratory

Activity code

November 26, 2004

CESI — Via Rubattino 54 — Milan

Mr L. Podavitte , Mr I. Guacci, Mr M. Gregori
P180

19774B
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Rated characteristics of the tested object assigned by the Client

Metal-oxide surge arrester
Manufacturer IZOELEKTRO d.0.0. — Pesnica Pri Maboru ( Slovenia).

Year of manufacture 2004

Electrical and mechanical characteristics

Nominal discharge current (I, ) 10 kA
Line discharge class . 1
Rated voltage (U;) 45kV
Continuous operating voltage (Uc) 36 kV
Lightning impulse protectio;n level - Upjp 1143 kV
Rated frequency H 50-60 Hz

Geometrical characteristics

Total height 405 mm
Number of sheds ' 12
Shed diameter . : - 116 mm
Shed spacing 29 mm
Arcing distance 380 mm
Creepage (leakage)distance 910 mm

Housing material ) silicone
Housing color grey
Note 1:

The sample was suitably prepared for the test by replacing active parts with insulating material

Note 2:
The switching impulse protection level Ugp, is calculated on the base of UL,y claimed by the manufacturer and of the
residual voltage test (see CESI report A4/522503) as:

UsipL = ULyp. X (30.50/38.78) = 114.3 X (30.50/38.78) = 89.9 kV

Name and signature of Client's witness:

A13071G
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Photograph of the test object

Photono. 1
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Photograph of the test arrangement

Photono. 2
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Reference Standard

IEC 60099-4 (2004-05): “Metal-oxide surge arrester without gaps for a.c. system”, clause 8.2

Test carried out and identification of the test objects

Test carried out Number of test objects Test object identification

Dry lightning impulse withstand tests 1 IWT1

Wet power frequency withstand tests




Al15301G

n® $030 Approved Page 8

Test Report CESI ‘)QDB@@Q AS5/003349

Test procedure

Dry lightning impulse withstand test

The test sample has been submitted to fifteen voltage impulses for each polarity having waweshape 1,2/50 ps and peak value
equal to 148,6 kVpeak . The test has been performed in dry condition.

The test voltage is calculated as 1.3 times ULp,

Wet power frequency withstand test

The power frequency voltage has been applied for 60 second on the sample at the value equal to 95,3 kVpk (67.4 kVrms ).
The test has been performed in wet condition (as defined by IEC st. 60060-1 (1989))

The test voltage (peak value) is calculate as 1.06 times Uggpr,

Summary of test results

Dry lightning impulse withstand test
No flashover occurred during any of the impulse application

Wet power frequency withstand test

Non flashover occurred

The test result positive
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Circuit A0002
1
|
r-TTA
| |
| |
HVD ||
o
| 1
| |
__Cgq [} Rt Ce __ i : Test object
{ l
! |
| |
v | D !
T
o LI
—f ] 0sG
K S
Impulse generator
No. of stages: 2
Cy: 250 nF
R 280 Q2 (140 x 2)
Re 320 Q (140+60+40+80)
Ce: 0,6 oF
Voltage measuring system CESI No. 9792
D - divider PASSONI & VILLA type RC series CESI No. 6700; scale factor 25662,7
HV - high voltage capacitance 600 pF
Iv - low voltage unit CESI No. 6704
K - coaxial cable
S - attenuation and termination unit CESI No. 14924
0OSC - digital oscilloscope type TEKTRONIX TDS 430A CESI No. 14232
Measured waveshape
polarity time oscillogram
s No.
front oati 1,06 01
tail nesative 54,6 02
Check of the test circuit
Charging voltage Measured voltage 1
Vc Vm Vm/ (Vc : nstnggs)
polarity kV/stage kv
negative 58,3 114,5 0,981
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Circuit A0058

Rw Ly
I X 1 o
v | I 4
T
R Vi % E Vi

Power frequency test circuit

R - regulation group PIVI composed by:
- single-phase voltage converter PIVI; power 210 kVA; voltage 380 V/0+610 V
- booster transformer PIVI; power 200 kVA; voltage 600 V /6 kV

Ry - protection resistor TELEMA; R=2 Q

TA - current transformer type CGS; ratio 50 A/5 A; CESI No. 03399

I - direct reading digital amperometer

TV, - voltage transformer type ALSTOM; ratio 6 kV/100 V

\'A - digital voltmeter AGILENT 34401A; CESI No. 23082

T - booster transformer CGE mod. KOC; secondary winding power 700 kVA; voltage 6 kV /350 kV; No. of units 1;
Tatio /

RE - variable reactor PIVI; power 600 kVA; voltage / kV; No. of units /

Tripping of the circuit breaker S

instantaneous tripping time delayed tripping
Iy kra . .
setting setting
S| sy X Iy t S3 Sy X Iy ta
5 10 1 5 0,05 0,5 2,5 0,05
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Circuit A0059

—_—8
© 1 ] T
r—1-1 |
| |
T | |
! I Test
| |
Viy % g Viv ! object A2 C:IF@
I 1 -
G | T
1 I
TA o =-14- |
o £\ -
™ - - -
()
Circuit AQ0S8
Power frequency measuring circuit
TA - current transformer type CGS; ratio 50 A/5 A; CESI No. 03399
I - direct reading digital amperometer
v, - voltage transformer type ALSTOM; ratio 6 kV/100 V
Vi - digital voltmeter AGILENT 34401A CESI No. 23082
D - voltage divider / type RC series; voltage / kV; HV capacitance / pF; CESI No. /; low voltage arm CESI No. / scale
factor /
Vs, - voltmeter CESI No. Not used
TV, - voltage transformer type SCARPA & MAGNANGO,; ratio 130/100 V; CESI No.5133
Vs - digital voltmeter AGILENT 34401A CESI No. 23083
Functional check of the test circuit Date: January 31, 2005
Low voltage High voltage K
k.= 1300 k=
\z Vi, I I V, Viv Vs Viy Vav/ V)
v A A \Y kV \ kv 3500
14,27 856,2 -- 1,0 38,34 48,83 - - 3492
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A 0030 Approved

[[PUBBLICATO A5002464 (PAD - 621014) |

Client

Tested equipment

Tests carried out

Standards/Specifications

Test date

[ZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)

Polymer housed metal-oxide surge arrester
type 25515N

Partial discharge test

IEC 60099-4 (2004-05)

from January 26, 2005 to January 26, 2005

The results reported in this document relate only to the tested equipment.

Partial reproduction of this document is permitted only with the written permission from CESL

No. of pages il No. of pages annexed s
Issue date February 23, 2005
= B < -
Prepared BU PeC - M. Gregori N o {1 i
' 'SI
Verified BU PeC - A. Sironi ﬂ&\ . 5, CENTRO ELETTROTECNC SPEHIMENTA[E ITALIANO
. Business Un
o rov
Approved BU PeC - M. de Nigris i Resnarersa?}ilé ?12; pqneﬁr;P
/ — P
CESI Via R. Rubattino 64 Capitale sociale aéﬁﬁoon Euro Registre Imprese di Milano
Centro Elettrotecnico 20134 Milano - Italia interamente versato Sezmne Ordinaria
Sperimentale Italiano  Telefono +39 0221251 Codice fiscale-€ numero 429222
Giacinto Motta spa Fax +39 0221265440 iscrizione CCIAA 00793580150 PAI. IT00793580150

http:/fwww.cesi.it



A10011G

Test Report

CESI ‘)ﬁﬂD‘QﬁDB 5,00462

n® £030 Approved

Tests witnessed by:-—-——

1dentification of the object:

The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.

This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage

- dielectric tests with impulse current

- dielectric tests with alternating voltage
dielectric tests with direct voltage

: peak voltage: =3 %; time parameters: +10 %
: peak value: +3 %; time parameters: =10 %

: voltage (rms): £3 %

: voltage: £3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information
Receipt date of the sample
Test location

CESI testing team

Test laboratory

Activity code

November 26, 2004

CESI - Via Rubattino 54 — Milan
Mr L. Podavitte

P177

19774B



¢ adeq

YovC00/SvV

pasoxddy

0£00 U

[Jde s

G

1S30

Hoday 3so]

$00T ‘9t Atenuef

I1-01

" o >~ -~ o O

o5ed ['U— 2029005V "U [STD “(61-8F- 1T 2P0oqns) ()-8t~ 17 90 Sutmelp 03|02]
safed ¢ -u sweido[ioso

:paxauue sadeq

JINJAID 1S) Y3 JO BIBP [BIIUYDD],
so31eyosIp [elHed JO JUSUAINSBIIA
1593 95xeyosIp [e1ded oy Joj Sumes 1S9
1[nsa1 159) jo Arewwung

ainpaosoad 159,

PIBPUBIS 90U212J9Y

103(q0 1591 3y} JO M3IA dlweloued

SONSLIDIRIBYD 102(qO 359,

)ep 159

3ed

0D

DIzooly




A13071G

Test Report

CESI ‘)

- ﬁﬂﬂ AS5/002464

n° 0030 Approved Page 4

Rated characteristics of the tested object assigned by the Client

Metal-oxide surge arrester

Manufacturer IZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia).
Year of manufacture B 2004
Electrical characteristics
Nominal discharge currer;f 1) 10 kA
Line discharge class 1
Rated voltage (U,) 45kV
Continuous operating voltage (U) 36 kV
"Eéted frequency 50-60 Hz
Geometrical characteristics
Total height o 405 mm
Number of sheds 12
Shed diameter 116 mm
Shed spacing 29 mm
Other characteristics
milousing material silicone
Housing color grey

Name and signature of Client's witness:
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Photograph of the test object

Photono. 1

Al12651G
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Reference Standard

IEC 60099-4 (2004-05): “Metal-oxide surge arrester without gaps for a.c. system”, clause 10.8.8.,

Test carried out and identification of the test objects

Test carried out Number of test objects Test object identification

Partial discharge test 1 PD1
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Test procedure

The application voltage has been increased up to rated voltage (U;) and maintained for 10 sec.
The voltage has been decreased to 1,05 times the continuous operating voltage (U.) and the partial discharge level has been
measured according to the reference standard (IEC 60270).

Summary of test results

The partial discharge level found was less than 1 pC (background noise).
The test result is to be considered positive.

A15301G
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Test setting for the test

Photono. 2

A12651G
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Circuit A0127
i
I
: .
[
i
!
: F ! R T g Test object
!
E TA
! | — )
! -~ 2l L
! S = =
| ™, TV,
i
}
'; G Vi Vo
i

Power-frequency high voltage circuit.

F - wide band rejection filter TELEC; 380 V; 100 A

G - Faraday cage

S - single phase circuit breaker SACE; 600 V; 800 A

R - regulator CORMES; power 66 kVA; voltage 380 V/0+220 V

TA - current transformer CGS, ratio 150-300 A/S A

I - analogic amperometer

VvV, - voltage transformer; ratio 440 V/ 100 V

Vv, - analogic voltmeter

T - booster transformer PIVI; power 250 kVA; voltage 200-400 V/250 kV
TV, - voltage transformer PIV]; ratio 250 kV/ 100 V

V, - direct reading digital voltmeter FLUKE; CESI No. 06393

A01271G

L o e e e ————— e ————— =
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Circuit A0022

Partial discharges measurement
Direct circuit - Scheme 1a

—Ol —— Cyk

Test object

P - calibrator CESI; CESI No. 346

Cy - coupling capacitor 0,3 nF

Zy - coupling impedance

RS - partial discharge detector HAEFELY TRENCH type TE 571; CESI No. 13281
(ON® - (not used)

RS

OSC



HAEFELY TRENCH TETTEX PD-DETECTOR

Info: 1 Start date: 00.00.00
Measurement name: Start time: 00:00
Comment:

l1st PD Range: 100 pC 2nd PD Range: Not applied
Noise Suppression: 5 % Lockout Time: 7.3 usec
Test Measuring Time: 15 s Voltage Range: 36 KV
Remarks:

CESI PeC A5002464 oscillogram n. 1




ESC  Ounit PD-DETECTOR

CESI PeC A5002464 oscillogram n, 2



CESI PeC A5002464 oscillogram n. 3
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[[PUBBLICATO A5045960 (PAD - 731052) |

Client IZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia )

Tested equipment Polymer housed metal-oxide surge arrester type 2SS15N

Tests carried out High current impulse operating duty test

Standards/Specifications IEC 60099-4 (2004-05)

Test date from September 20, 2005 to September 23, 2005

The results reported in this document relate only to the tested equipment.

Partial reproduction of this document is permitted only with the written permission from CESI.

No. of pages 23 No. of pages annexed 45

Issue date November 14, 2005

Prepared BU PeC - M. Gregori MAD’\uo & J?/\/\
Verificd BUPeC - R Malgesini /2 /%

Approved BU PeC - M. de Nigris :
GENTRO ELETTROTECNICO SPERIMENTALE ITALIANO
Busjpess Unit
Prove Componenti
Il Responsgpile de( Laborpterio

CESI Via R. Rubattino 54 Capitale seciale 8 550 000 Euro Registro Imprese di Milano
Centro Elettrotecnico 20134 Milano - ltalia interamente versato Sezione Ordinaria
Sperimentale Italiano  Telefono +39 0221251 Codice fiscale e numero N. R.E.A. 429222
Giacinto Motta spa Fax +39 0221255440 iscrizione CCIAA 00793580150 P.l. ITO0793580150

http://www.cesi.it
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Tests witnessed by:-----

Identification of the object:

- dielectric tests with impulse voltage

- dielectric tests with impulse current

- dielectric tests with alternating voltage
dielectric tests with direct voltage

The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.

This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

: peak voltage: +3 %; time parameters: +10 %
: peak value: £3 %; time parameters: =10 %

: voltage (rms): £3 %

:voltage: +3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal

distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information
Receipt date of the sample
Test location

CESI testing team

Test laboratory

Activity code

May 10, 2005

CESI - Via Rubattino 54 — Milan
L. Podavitte, S. Carboni

P177

42836L
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Test object characteristics

type: Polymer housed metal-oxide surge arrester section (thermal equivalent)

electrical characteristics (assigned by the client)

Manufacturer's name IZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)
Nominal discharge current - Iy [kA] 10,0
Rated voltage — U, [kV] 0,9912 x Uref.
Continuous operating voltage - U, [kV] 0,7930 x Uref.
Reference current - I,or [mA] 1,4
Line discharge class 1
Rated frequency - [Hz] 50-60
year of manufacture 2004

geometrical characteristics (measured on the test sample without thermal insulation)

Height [mm] 195
Number of sheds S
Shed diameter [mmy] 117
other characteristics
Housing material Silicone
Housing color grey

A11761G
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Photono. 1
Photograph of the test object
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Reference standard
The test was carried according to the IEC 60099-4 (2004) Standard — Clause 8.5

“ Metal-oxide surge arrester without gaps for a.c. system

Test carried out

test carried out number of sample tested

High current impulse operating duty test 3

Test object identification

test object names identification of test sample

polymer housed metal-oxide surge arrester section OD1 -0D2 - OD3
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Test procedure (Foreseen by the relevant standard)

e The power frequency voltage at reference current (L= 1,4 mA ) has been measured
e The lightning impulse residual voltage at Iy = 10 kA has been measured
e The voltage correction factors have been calculated according to reference standard (see note 1)

o  The preconditioning has been performed on surge arrester at ambient temperature according to reference standard as per the
following procedure:

- Twenty shots 8/20 ps at Iy have been applied superimposed to the power frequency at the voltage level 1,2*U".
The shots have been applied in four groups of five impulses. The interval between impulses of the same group was
50-60 seconds while the interval between groups was 30 minutes. The polarity of the impulses was the same as
that of the half cycle of power frequency voltage during which it occurred (positive) and they were applied 60
electrical degrees before the peak of the power frequency.

- The samples have been let to cool down to ambient temperature

- The first high current impulse having waveshape 4/10 us and peak value equal to 100 kA has been applied

o The surge arrester section kept in an oven at the temperature of 60 °C till thermal equilibrium
e The second high current impulse having waveshape 4/10 us and peak current equal to 100 kA has been applied. A time

shorter than 100 ms after the application of the second high current impulse the sample has been energized at U' for 10 sec.
and then at the voltage U' for 30 min. to verify the thermal stability.

The lightning impulse residual voltage at Iy = 10,0 kA has been measured during two consecutive shots.

Note:
The corrected test voltages have been calculated according to IEC standard and base on the CESI test report AS009883
(accelerated ageing test), in the following steps
o The reference voltages have been measured and the test voltages have been determined according to the values
claimed by the clients. (U-=0,8xUref. and U= 0,98xUref.)
e The power losses have been measured on the three samples at the U and U and then the voltages have been
increased by the higher ratio P, P,y (see CESI test report AS009883)
e The new test voltage have been called U, ' and Uy, '
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Visual inspection and summary test results
Variation of lightning impulse residual voltage at Iy
) before test after test o
Sample discharge current residual voltage discharge current residual voltage variation
kA kv kA kv %

OD1 10,05 40,72 9,90 40,59 -0,32

OD2 10,00 40,84 10,00 40,88 0,10

OD3 10,10 40,78 10,00 40,38 - 0,98
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High current impulse operating duty test.
Power frequency voltage-current characteristics.
Test circuit:
Date: September 20,2005
Sample No. OD1
oscillogram voltage current current Current power
No. kv + mA,, -mA, MA s N
1 16,34 1,40 1,32 0,64 6,21 Uref
12,94 0,474 0,382 0,308 0,672 0,7930xUref
14,28 0,477 0,466 0,347 1,17 Ucs*
16,21 1,14 1,04 0,57 5,19 0,9912xUref
16,58 2,21 2,12 0,85 9,17 Urs*
Sample No. OD2
oscillogram voltage current current Current power
No. kv + mA -mA MA s A\
2 16,41 1,42 1,40 0,659 6,58 Uref
13,04 0,436 0,431 0,311 0,723 0,7930xUref
14,33 0,474 0,465 0,355 1,263 Ucs*
16,26 1,10 1,09 0,576 5,304 0,9912xUref
16,64 2,13 2,10 0,847 9,21 Urs*
Sample No. OD3
oscillogram voltage current current Current power
No. kV +mA, -mAg MA s w
3 16,28 1,42 1,40 0,659 6,47 Uref
12,91 0,445 0,421 0,310 0,697 0,7930xUref
14,22 0,483 0,461 0,354 1,226 Ucs*
16,14 1,15 1,11 0,584 5,363 0,9912xUref
16,51 2,22 2,19 0,868 9,37 Urs*
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High current impulse operating duty test.
Lightning impulse residual voltage measurement before the test
Test circuit:  A0120
Date: September 20, 2005
R ted | Chargi Disch i
Sample S Arging Oscillogram Current waveshape 1SCHATge Residual
current voltage current voltage
No. kv No. us kA kv
OD1 53,5 10,05 40,72
OD2 In 53,5 5 8,6/19,5 10,00 40,84
OD3 53,5 6 10,10 40,78
Oscilloscope settings
sampling division Input attenuation
us Vdiv
Current 5 0,5 50:5
Voltage 5 1,0 50:5
Notes:
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Voltage correction factor
Date: September 21, 2005
U U ! Usc‘ U*'
Sample ref s
i [1] [2) [3] [4]
No. 3% kv kv kV
OD1 16,34 16,58 14,28 17,136
0OD2 16,41 16,64 14,33 17,196
OD3 16,28 16,51 14,22 17,064
[1] Uper : measured reference voltage
21Uy : corrected rated voltage [4] =[1] x [2]
3] U : corrected continuous operating voltage [3] =[1] x [3]
[4] U : corrected voltage to be applied during the conditioning [4]= 1.2 x [3]
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High current impulse operating duty test.
Conditioning
Test circuit:  A0015
Date: September 21, 2005
Sample No.OD1 Sample No OD2 Sample No. OD3
Imp. | Osc. | ginI; peak current Osc. Charginl; Peak Osc. charging | peak current
No. No. kv kA No. kV kA No. kv kA
1 7 40,5x 2 10,0 40,5x2 10,0 40,5x 2 10,0
2 40,5x2 10,0 40,5x2 10,0 40,5x 2 10,0
3 40,5x2 10,0 40,5x2 10,0 40,5x 2 10,0
4 40,5x2 10,0 40,5x 2 10,0 40,5x 2 10,0
5 8 40,5x 2 10,0 9 40,5x2 10,0 10 40,5x 2 10,0
6 40,5x2 10,0 40,5x2 10,0 40,5 x 2 10,0
7 40,5x2 10,0 40,5x 2 10,0 40,5x2 10,0
8 40,5x 2 10,0 40,5x2 10,0 40,5 x 2 10,0
9 40,5x2 10,0 40,5x2 10,0 40,5x 2 10,0
10 11 40,5x2 10,0 12 40,5x2 10,0 13 40,5x 2 10,0
11 40,5x2 10,0 40,5x2 10,0 40,5x2 10,0
12 40,5x 2 10,0 40,5x 2 10,0 40,5x 2 10,0
13 40,5x2 10,0 40,5x2 10,0 40,5x 2 10,0
14 40,5x 2 10,0 40,5x2 10,0 40,5x 2 10,0
15 40,5x 2 10,0 40,5x2 10,0 40,5x 2 10,0
16 40,5x 2 10,0 40,5 x 2 10,0 40,5x 2 10,0
17 40,5 x 2 10,0 40,5 x 2 10,0 40,5x 2 10,0
18 40,5x2 10,0 40,5x2 10,0 40,5x 2 10,0
19 40,5x 2 10,0 40,5 x 2 10,0 40,5x 2 10,0
20 14 40,5x2 10,0 15 40,5x2 10,0 16 40,5x 2 10,0
Power frequency voltage applied to the Sample No. OD1 Sample No. OD2 Sample No. OD3
test sample 17,136 17,196 17,064
Oscilloscope settings
sampling division Input attenuation
ms Vv
Current 10 0,5 50:5
Voltage 10 2,0 50:5
Notes:
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High current impulse operating duty test. IEC 60099-4 Standard
Application of the first high current impulse
Test circuit:  A0121
Date: September 22, 2005
Chargi Disch:
Sample Impulse Argng Oscillogram Residual voltage 1SCHarge Current waveshape
voltage current

No. No. kv No. kv kA

OD1 89x2 17 --- 96

OoD2 1 89x2 18 --- 95 4,5/9,6us

OD3 89x2 19 97 opposite polarity 4 %

Oscilloscope settings
sampling division Input attenuation
us Vaiv
Current 2 0,5 300:5
Voltage - --- —

Notes:
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High current impulse operating duty test. IEC 60099-4 Standard

Application of the second high current impulse, of the rated voltage U,,' and evaluation of thermal stability

Test circuit:  A0123-A0020-A0131
Sample No.:  ODI
Preheating temperature: 61 °C

Date: September 22, 2005

Second high current impulse application

Oscillogram Charging voltage Residual voltage Discharge current Current waveshape
No. kV kV kA us
20 89x2 --- 95 4,5/9,6
U, voltage application
Oscillogram Time Voltage Current Current Power
No. s kV + mA, -mA, w
21 0 117 163 ---
22 10 16,58 70 115 ---
U,.' voltage application
Oscillogram Time Voltage Current Current Power
No. min kV + mA, -mA, W
23 0 12,3 21,0 82,0
S 6,40 12,90 46,12
10 4,80 9,70 34,50
24 15 14,28 4,50 9,20 33,10
20 4,15 8,50 30,10
25 4,10 8,30 29,50
25 30 4,00 8,10 29,00
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Continued

Sample No.:  OD2
Preheating temperature: 61 °C
Date: September 22, 2005

Second high current impulse application

Oscillogram Charging voltage Residual voltage Discharge current Current waveshape
No. kv kV kA us
26 89x2 - 95 4,5/9,6
U, voltage application
Oscillogram Time Voltage Current Current Power
No. S kV + mA. -mA, W
27 0 108 173 ---
4
28 10 16,6 79 108 ---
U,.' voltage application
Oscillogram Time Voltage Current Current Power
No. min kV + mA, -mA w
29 0 11,2 20,0 80,0
5 8,1 15,2 57,9
10 7.8 14,1 51,8
30 15 14,33 7.4 13,1 51,4
20 7.3 13,0 51,1
25 7.2 12,8 51,0
31 30 7.1 12,7 50,8
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Continued

Sample No.:  OD3
Preheating temperature: 61 °C
Date: September 22, 2005

Second high current impulse application

Oscillogram Charging voltage Residual voltage Discharge current Current waveshape
No. kv kV kA us
32 89x2 --- 95 4,5/9,6
Uy voltage application
Oscillogram Time Voltage Current Current Power
No. s 3% + mA -mA w
33 0 16.51 106 178 -
34 10 ’ 75 100 ---
U,.' voltage application
Oscillogram Time Voltage Current Current Power
No. min kv + mA,, -mA, w
35 0 12,4 20,7 77,0
S 5,27 9,95 37,0
10 4,60 8,70 31,70
36 15 14,22 4,30 8,16 29,60
20 4,08 7,78 28,1
25 3,85 7,45 26,7
37 30 3,60 7,10 26,0




A11761G

Test Report CESI ‘)Eﬁ[]”‘é]ﬁﬁ@ As/pise0

n® 0030 Approved Page 17

High current impulse operating duty test. IEC 60099-4 Standard

Lightning impulse residual voltage measurement after the test

Test circuit:  A0120

Date: September 23, 2005

R ted | Chargi Disch
Sample equeste Arging Oscillogram Current waveshape ischarge Residual voltage
current voltage current
No. kv No. us kA kv
40,50
OD1 53,5 38 10,00 ,
53,5 39 9,90 40,59
53,5 40 10,00 40,76
OD2 I : : -
N 53,5 41 ,6/19,5 10,00 40,88
53,5 42 10,00 40,26
D3 3 2 >
© 53,5 43 10,00 40,38
Oscilloscope settings
sampling division input attenuation
s Viiv
Current 5 0,5 50:5
Voltage 5 1,0 50:5
Notes:
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Circuit A0019
D
R
RE T |

PC

Test object

| J

-
L

Power frequency supply

RE
PC
T

— 1

measuring

- programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32191

- personal computer

- voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200 V/15-30 kV

Current measuring system

R

OSC

- Current shunt CESIN°.31120; R=941,4 Q
- Electro optical system CESI N°.--; attenuation 5:5

- Oscilloscope type SONY TEKTRONIX RTD 710; CESI N°. 6318

Voltage measuring system

D

0SC

- Voltage divider SAGI; CESIN°.11120
- Electro optical system CESI N°.11520/11524; attenuation 5:5

- Oscilloscope type SONY TEKTRONIX RTD 710; CESI N°.6318

Y
systems
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Circuit A0120
S Lc D
> <] YTYTY L
[
|
Test object | |
T
— Cq |
|
]
sh =
= Y 1Y

measuring systems

Impulse generator

No. of stages 1

Cg 4,98 uF
Lc 10 uH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11521/522
(0@ - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI No.6042; R= 2 m<; peak current= 250 kA
- Electro optical system CESI No.11517/518
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A01201G
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Circuit A0015
B
S Le o= 1 L D
> AVt G > Y
L e J —

|

Test object |
RE

| |
|
O

Sh

=

- A
measuring systems

Impulse generator

No. of stages: 1

C, - Capacitor 1,66 uF

L - Inductance of the circuit
L. - Inductor 30 pH

S - Spark gap

Power frequency supply

RE - Regulator type specicialtrasfo; power 20 kVA; voltage 380 V/ 220 V
T - Transformer type Pivi; power 30 kVA; voltage 220 V/ 15 kV
B - Blocking gap

Current measuring system

Sh, - Current shunt CESI No.6042; R = 0,002 Q
- Electro optical system CESI No.11517/11518
OSC - Oscilloscope type Tektonix 540A; CESI No.13217 (on channel No.1)

Voltage measuring system

D - Voltage divider SAGI ; CESI No.1120; k= 1010
- Electro optical system CESI No.11520/11521
OSC - Oscilloscope type Tektonix 540A; CESI No.13217 (on channel No.2)
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Circuit A0123

D> <] O

Cq tTo circuit A0020

Impulse generator circuit

No. of stages 2
Cg 2,49 pF

S - spark-gap
two blocks in parallel has been added

A01231G
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Circuit A0020

measuring system

o D
- |
o — 7
: :
[ ] ShZ
) I power—frequency
impulse generator fest object circuit ADT30 or
L ircuit A0131
circuit A0O123 or cired
circuit A0124 —
—0
Shi
’ T
4 f ?
measuring system
Impulse generator circuit A0123
I - Circuit-breaker
Impulsive current measuring system
Sh, - Current shunt CESI N0.60,42; R=2 m Q
- Electro optical system CESI No.11517/518; attenuation 300:5
0SC, - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)
Power frequency circuit A0131
Voltage measuring system.
D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No0.8009/8015; attenuation 50:5
0SC, - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)
0OSC, - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090 (on channel No.2)
Power frequency current measuring system
Sh, - Current shunt CESI R= 100 Q - Electro optical system CESI No.8011/8017; attenuation 300:5 — 5:5
(ON{@ - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)
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Circuit A0131

T1 DJJ\
T
o from 380Vac
to circuit A0020 ( power supply
O
To O— Re

Power-frequancy circuit

from 380Vac power supply

R, single-phase voltage regulator CORMES; power 20 kVA; voltage 380/04220 Vac
R, single-phase voltage regulator CORMES; power 10 kVA; voltage 380/04220 Vac
T, voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200-400 V/15-30 kV

A01311G
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Client

Tested equipment

Tests carried out

Standards/Specifications

Test date

[ZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)

Polymer housed metal-oxide surge arrester
type 28S15N

Moisture ingress test

IEC 60099-4 (2004-05)

from November 26, 2004 to December 10, 2004

The results reported in this document relate only to the tested equipment.

Partial reproduction of this document is permitted only with the written permission from CESL

No. of pages 23

No. of pages annexed 8

Issue date February 23, 2005

.
Prepared BU PeC - M. Gregori e L0 %ﬁf AR

Verified BU PeC - A. Sironi ﬂQQA\ 5—~ CENTRO ELETTROTEGNIC) SPERIMENTALE ITALIAND
Busipess Unij
Approved BU PeC - M. de Nigris Prove el Componen

dsl Laporator|

i Resp?f,;

X
CESI Via R, Rubattino 54 Capitale{s@ée 8 550 000 Euro Registro imprese di Milano
Centro Elettrotecnico 20134 Milano - ltalia interamente versato Sezione Ordinaria
Sperimentale Italiano Telefono +39 0221251 Codice fiscale e numero M. RE.A, 420222
Giacinto Motta spa Fax +39 0221255440 iscrizione CCIAA 00793580150 P.1. ITO0793580150

http:/iwww cesi.it
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Tests witnessed by:-—---

Identification of the object: The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.
CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.
This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage : peak voltage: =3 %; time parameters: =10 %
- dielectric tests with impulse current : peak value: £3 %; time parameters: =10 %

- dielectric tests with alternating voltage : voltage (rms): £3 %

dielectric tests with direct voltage :voltage: £3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information

Receipt date of the sample November 26, 2004

Test location CESI - Via Rubattino 54 — Milan
CESI testing team Mr L. Podavitte — F, Mazzarella
Test laboratory P177

Activity code 197748
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Rated characteristics of the tested object assigned by the Client

Metal-oxide surge arrester

Manufacturer 1ZOELEKTRO d.o0.0. - Pesnica Pri Mariboru ( Slovenia).
Year of manufacture 2004
Electrical and mechanical characteristics

Nominal dischgrge current (I, ) 10 kA
Line discharge class 1
Rated voltage (U,) T 45kV
Continuous operating voltage (U) 36kV
terminal torque (Nxm) 80
static cantilever (Nxm) i 250
Rated frequency 50-60 Hz
Geometrical characteristics

Total height 403 mm
Number of sheds - 12
Shed diameter 116 mm
Shed spacing 29 mm
Othe“rw;ilaracteristics

Housing material silicone
_Housing color grey

Name and signature of Client's witness:
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Photono. 1
Photograph of the test object
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Reference Standard

IEC 60099-4 (2004-05): “Metal-oxide surge arrester without gaps for a.c. system”, clause 10.8.13,

Test carried out and identification of the test objects

Test carried out Number of test objects Test object identification

initial measurement 1 MI

mechanical preconditioning

water immersion test

verification test
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Test procedure on sample MI

The test consisted of the following steps:

Initial measurements

- Watt losses have been measured at 0,8xU,=37,8 kV

- Internal partial discharges has been measured.
The application voltage has been increased up to rated voltage (U,) and maintained for 10 s. Then the voltage has
been decreased to 1,05 times the continuous operating voltage (U,) and the partial discharge level has been measured
according to the reference standard.

- The lightning impulse residual voltage has been measured at the discharge current 0,5xIy

Terminal torque preconditioning

The terminal torque at the value, specified by the manufacturer (80 Nxm), has been applied.

Thermomechanical preconditioning

- The specimen has been submitted to two 48 hours thermal cycles of heating and cooling (see figure 6 of the
reference standard) while mechanically loaded. The temperature was raining from +60°C to -40°C. The mechanical
load consisted of a cantilever load at the value specified by the manufacturer (250Nxm). The direction of the load
was changed every 24 hours as specified on figure 6 of the reference standard.

- The surge arrester was tested in the thermal chamber together with another sample of different design.

Water immersion

The sample has been immersed in a vessel, in boiling deionized water with 1 kg/m® of NaCl, for 42 hours. At the end the
sample remained in the vessel until the water cooled to 50 °C

Verification test at ambient temperature

- Visual inspection

- Watt losses measurement at 0,8xU, has been repeated

- Partial discharges measurement has been repeated at 1,05xU;

- The lightning impulse residual voltage test has been repeated at discharge current 0,5 x Iy

A1530IG
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- Test Report

Summary of test results

Visual inspection

The visual inspection of the polymer housed metal oxide surge arrester after test has revealed no sign of physical damage.

Electrical measurement

- Variation of watt losses at 0,8xU.

before test after test .
sample . variation
voltege power voltage power
kV W 1% W %
MI 28,93 0,564 28,90 0,595 5,50

The variation of the watt losses before and after the test was less than 20% (maximum allowed variation according to
reference standard is 20%).

- Variation of lighting impulse residual voltage at 0,5xIy

sample before test . after test variation
discharge current residual voltage discharge current residual voltage
kA IRY kA kV %
MI 4,95 106,3 4,95 106,9 0,56

The variation of the lighting impulse residual voltage before and after the test was less than 5% (maximum allowed variation
according to reference standacd is 5%).

- Pattial discharges

The measured partial discharge value was below the specified limit of 10 pC before and afier the test.
Conclusion:

The test result is positive.

Al15331G



Al168IG

Test Report CESI

A4/523159

Approved Page 9

Power frequency voltage-current characteristics before the test .

Test circuit:  A019

Date: November 26, 2004

Sample No. MI
oscillogram voltage current current current power 3rd harmonic amplitude
No. kv + mAy -mA, MA W LA
01 28,93 0,35 0,35 0,248 0,564 --n-
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Lightning impulse residual voltage measurement before the test
Test circuit:  A0120
Date: November 26, 2004
R hargi Current Disch
Sample equested | Charging Oscillogram en 1Schatee Residual voltage
current voltage waveshape current
No. kV No. us kA kv
MI 0,5xIy 59,3x2 02 7,9/21,4 4,95 106,3
Oscilloscope settings
sampling division input attenuation
us Vv
Current 5 0.5 50:5
Voltage 5 1,0 50:5
Notes:  Due to limitation of the test circuit, the residual voltage has been measured at the reduced current equal to 0,5 x Iy
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Preconditioning tests

Terminal torque preconditioning

Test date: November 29,2004

The terminal torque at the value, specified by the manufacturer (80 Nxm), has been applied for 30 seconds.

Thermomechanical preconditioning

Test date: December 01, 2004

lower upper duration of

sample applied load temperature temperature t:g;l)iec;zlttix;r; cycle load duration
No. Nxm °C °C h No. degree
MI 250 --- +60 24 1 0
MI 250 -25 --- 24 1 180
MI 250 — +45 24 2 270
MI 250 -40 --- 24 2 90
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Photono. 2
Test setting for terminal torque preconditioning

Photono. 3
Test setting for terminal torque preconditioning

Al1268IG
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Photono. 4
Test setting for thermomechanical preconditioning

A12651G
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Water immersion test
Test date: December 08-10, 2004
The samples have been immersed in a vessel, in boiling deionized water with 1 kg/m’ of NaCl, for 42 hours. At the end the

samples remained in the vessel until the water cooled to 50 °C and maintained at this temperature in the vessel until
verification tests.

Al536IG
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Power frequency voltage-current characteristics after the test.

Test circuit: AD19

Date: December 10, 2004

Sample No. MI

oscillogram voltage current current current ’ power 3rd harmouic amplitude
No. kv + mA, - mA, MAr, | W LA
03 28,90 0,341 0,371 0,227 | 0,595
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Lightning impulse residual voltage measurement after the test
Test circuit:  A0120
Date: December 10, 2004
R ted | Chargi Disch
Sample squesie 2rging Oscillogram Current waveshape ischarge Residual voltage
current voltage current
No. kV No. ps kA kv
MI 0,5 x Iy 593x2 7 7,9/21,4 4,95 106,9
Oscilloscope settings
sampling division input attenuation
us Vdiv
Current S 0,5 50:5
Voltage 5 1,0 50:5

Notes: Limitation of the test circuit, the residual voltage has been measured at the reduced current equal to 0,5 x Iy
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Circuit A0019

D

|

| |

RE T. | |

Test object T

.

| ] |

| . | L

PC —

]

Power frequency supply

= 1 1
measuring systems

RE - programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32151
PC - personal computer
T - voltage transformer type SPECIALTRASFO; power 30 kVA,; voltage 200 V/15-30 kV

Current measuring system
R - Current shunt CESI No.31120; R=941,4 Q
- Electro optical system CESI No.11521/522; attenuation 5:5

0SC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090

Voltage measuring system
D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11517/518; attenuation 5:5

OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090
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Circuit A0120

S Lc D
— > <J— SYTYTY L

.
Nl
Test object | |
[T
—_ Cq I
7 |
]
| T
Sh — Y

= | | Ty

measuring systems
Impulse generator

No. of stages 2

Cg 498 uF
Lc 18 pH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESI No.13027
- Electro optical system CESI No.11521/522
0sC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI No.6042; R= 2 m{; peak current= 250 kA
- Electro optical system CESI No11517/518
0OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A0120IG
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Circuit A0012

_—'—'—l
Test object
! 7
|
"

£

Power frequency test circuit

R - regulator type CORMES; power 66 kVA; voltage 380 V/0-0,22 kV
TA - current transformer CGS; ratio 150/5 A/300/5 A

I - amperemeter

TV, - voltage transformer CGS; ratio 220-440 V/100 V

Vi - voltmeter direct reading TSE

RE - (not used)

T - booster transformer PIVI; power 250 kVA; voltage 200-400V/250 kV
D - (not used)

V3 - (not used)

TV, - voltage transformer type PIVI; ratio 25000 V/100 V

V, - voltmeter CESI No.6393

A0012IG
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Circuit A0022

Partial discharges measurement
Direct circuit - Scheme 1a

‘Ol —— Cu

Test object

P - calibrator CESI; CESI No. 346

C - coupling capacitor 0,3 nF

Zn - coupling impedance

RS - partial discharge detector HAEFELY TRENCH type TE 571; CESI No. 13281
OSC - (not used)

RS

OSC



Ml

CESI PeC A4523159 oscillogram n. 1
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HAEFELY TRENCH TETTEX PD-DETECTOR

Info: 1 Start date: 00.00.00
Measurement name: Start time: 00:00
Comment:

1st PD Range: 100 pC 2nd PD Range: Not applied
Noise Suppression: 5 % Lockout Time: 7.3 usec
Test Measuring Time: 15 s Voltage Range: 50 kV
Remarks:

CES! PeC A4523159 oscillogram n. 4




ESC  Onit PD-DETECTOR |

CESI PeC A4523159 oscillogram n. 5



Alt-F9 Load New Setup

ESC  Onit PD-DETECTOR |

CESlI PeC A4523159 oscillogram n. 6
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[[PUBBLICATO A4523280 (PAD - 620973) |

CES I A4/523280
Test Report Approved Page 1
Client IZOELEKTRO d.o.0. — Pri Mariboru ( Slovenia)
Tested equipment Polymer housed metal-oxide surge arrester
type 258515N
Tests carried out Test of the bending moment
Standards/Specifications 1IEC 60099-4 (2004-05)
Test date from November 26, 2004 to December 10, 2004
The results reported in this document relate only to the tested equipment.
Partial reproduction of this document is permitted only with the written permission from CESL
No. of pages 20 No. of pages annexed 10
Issue date February 23, 2005
Prepared BU PeC - M. Gregori uor o ﬁ oAA
Verified BU PeC - A. Sironi foQ,«
CENTRO ELETTHgTECNJ RMENTALE ITALIAND

Approved BU PeC - M. de Nigris ProVeus;: sosngnt

" nsspona/agffe el L L

CESI Via R. Rubattino 64 Registro Imprese di Milano

Centro Elettrotecnico
Sperimentale Italiano
Giacinto Motta spa

20134 Milano - ltalia
Telefono +39 022125.1
Fax +39 0221255440
http:/fwww.cesi.it

Capitale socialg-6 550 000 Euro
interamente vérsato
Codice fiscéle e nume

iscrizione CCIAA 00?93580150

Sezione Ordinaria
N. R.E.A. 429222
P.l. ITO0O793580150
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Tests witnessed by:—---

Identification of the object: The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.
CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.
This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage : peak voltage: +3 %; time parameters: = 10 %
- dielectric tests with impulse current : peak value: +3 %; time parameters: =10 %

- dielectric tests with alternating voltage : voltage (rms): =3 %

dielectric tests with direct voltage : voltage: =3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information

Receipt date of the sample November 26, 2004

Test location CESI - Via Rubattino 54 — Milan
CESI testing team Mr L. Podavitte — F. Mazzarella
Test laboratory P177

Activity code 19774B
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Rated characteristics of the tested object assigned by the Client

Metal-oxide surge arrester

Manufacturer IZOELEKTRO d.0.0. — Pesnica Pri Mariboru ( Slovenia).
Year of manufacture 2004

Electrical and mechanical characteristics

Nominal discharge current (I, ) 10kA
Line discharge class 1
‘Rated voltage (U,) 45kV
Continuous operating voltage (U,) 36kV
dynamic cantilever (Nxm) 250h
Rated frequency 50-60 Hz

Geometrical characteristics

Total height ) prtgee
Number of sheds =
"Shed diameter ’ - o
Shed spacing V T

Other characteristics

Housing material silicone

Housing color grey

Name and signature of Client's witness:
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Photo no. 1
Photograph of the test object
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Reference Standard

IEC 60099-4 (2004-05): “Metal-oxide surge arrester without gaps for a.c. system”, clause 10.8.9,

Test carried out and identification of the test objects

Test carried out Number of test objects Test object identification

Initial measurement 1 BM

Bending application

Water immersion test

Test evaluation
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Test procedure

The test consisted of the following steps:

Initial measurements
Watt losses have been measured at 0,8xU,

- Internal partial discharges have been measured.
The application voltage has been increased up to rated voltage (U,) and maintained for 10 s. Then the voltage has
been decreased to 1,05 times the continuous operating voltage (U,) and the partial discharge level has been measured

according to the reference standard.

The lightning impulse residual voltage has been measured at the discharge current 0,5 x Iy

Bending application
The test samples have been mounted in upright position. The specified load of 250 Nxm (corresponding to 617 N on the

sample having 405 mm height) was applied perpendicular to the axis to the free end of the surge arrester. The load was
increased at constant speed, maintained at the specified value for about 60 to 90 seconds and then decreased to zero.

Water immersion

The samples have been immersed in a vessel, in boiling deionized water with 1 kg/m’ of NaCl, for 42 hours. At the end the
samples remained in the vessel until the water cooled to 50 °C

Verification test at ambient temperature

- The visual inspection was carried out

- Watt losses measurement at 0,8 xU, has been repeated

- Partial discharges measurement has been repeated at 1,05xU,

- The lightning impulse residual voltage test has been repeated at nominal discharge current 0,5 x Iy



Test Report
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Approved

Summary of test results

Visual inspection

The visual inspection of the polymer housed metal oxide surge arrester after test has revealed no sign of physical damage.

Bending application

The force-deflection curve does not show significant discontinuity.
The permanent deflection is not significant.

Electrical measurement

- Variation of watt losses at 0,8xU,

before test

after test

sample variation
voltage power voltage power
Y W % W %
BMI 28,93 0,619 28,82 0,653 3,50

The variaticn of the watt losses for sample BM before and after the test was less than 20% (maximum allowed variation
accordmv to reference standard 15 20%).

- Variation of highting impulse residual voltage at 0,5xIy

sample before test after test . variation
discharge current ! residual voltage discharge current residual voltage
kA kV kA kv %
BMI 4,93 106,32 4,85 167,2 | 0.83

The variation of the lighting impulise residual voltage before and after the test was less than 5% (maximum allowed
variation according to reference standard is 5%).

- Partial discharges

The measured partial discharge value was below the specified limit of 10 pC before and after the test.

Conclusion:

The test result is positive,

AlS3LIG
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Power frequency voltage-current characteristics before the test.

Test circuit:  A019

Date: November 26, 2004

Sample No. BM

oscillogram voltage current current current power 3rd harmonic amplitude
No. kV + mA,, - mAg MA 16 w HA
01 28,93 0,356 0,356 0,253 0,619 -
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Lightning impulse residual voltage measurement before the test
Test circuit:  A0120
Date: November 26, 2004
d i C t Disch
Sample Requeste Charging Oscillogram diren ischarge Residual voltage
current voltage waveshape current
No. kV No. us kA kv
BM 0,5x Iy 593x2 02 7,9/21.4 4,95 106,32
Oscilloscope settings
sampling division input attenuation
us Vaiv
Current 5 0,5 50:5
Voltage 5 1,0 50:5
Notes:  Due to limitation of the test circuit, the residual voltage has been measured at the reduced current equal to 0,5 x Iy
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Photono. 2
Test setting for bending application
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Bending application
Test date: December 01, 2004

The test sample was mounted in upright position. The specified load (corresponding to the maximum bending moment at 250
Nxm) was applied perpendicular to the axis to the free end of the surge arrester. The load was increased at constant speed,
maintained at the specified value for about 60 to 90 seconds and then decreased to zero.

A view of the test arrangement is shown in the photos pages no.12.

The curves of the load&deflection versus time are shown in the oscillogram no.3 . The curves of the load versus deflection
are shown in the oscillogram no.4 .

Water immersion test

Test date: December 08+10, 2004

The sample has been immersed in a vessel, in boiling deionized water with 1 kg/m’® of NaCl, for 42 hours. At the end the
sample remained in the vessel until the water cooled to 50 °C and maintained at this temperature in the vessel until
verification tests.
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Power frequency voltage-current characteristics after the test.

Test circuit: AQ19

Date:  December 10, 2004

-

Sample No BM

oscillogram voltage ‘ curtent | current I current f power 3rd harmonic amplitude
No. kv [ +mA, -mA, | MA e ; W pA
s 2882 | 0362 0353 | 0258 | 0653 |
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Lightning impulse residual voltage measurement after the test

Lightning impulse residual voltage measurement after the test

Test circuit:  A0120

Date: December 10, 2004

Sample Requested |- Charging Oscillogram Current waveshape Discharge Residual voltage
current voltage current
No. kV No. us kA kV
MI 0,5xIy 593x2 9 7,9/21 4 4,95 107,20
Oscilloscope settings
sampling division input attenuation
us Viiv
Current 5 0,5 50:5
Voltage 5 1,0 50:5

Notes: Due to limitation of the test circuit, the residual voltage has been measured at the reduced current equal to 0,5 x Iy
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Circuit A0019

D

|1

Nl

RE T | |

Test object T

|

]

| L

PC R — |

| —

= _—__ Ty Y

Power frequency supply

RE - programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32191
PC - personal computer
T - voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200 V/15-30 kV

Current measuring system
R - Current shunt CESI No.31120; R=941,4 Q
- Electro optical system CESI No.11521/522; attenuation 5:5

measuring systems

OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090

Voltage measuring system
D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11517/518; attenuation 3:5

OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9050
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Circuit A0120

> <} Y YY1\

Test object

Sh —

q——-
L

- Y 1y
measuring systems

Impulse generator

No. of stages 2

Cg 498 uF
Le 18 pH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESI No.13027
- Electro optical system CESI No.11521/522
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI No.6042; R= 2 mQ; peak current= 250 kA
- Electro optical system CESI No11517/518
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A01201G
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Circuit A0012

Ry hv b
o 1 T —_——
4 |
T - |
R vy, ; % Vi Test object wz(:zqft@

- | =
TA T I
) . ———= —

cB ™, RE \fé = = =
Vs

Power frequency test circuit

R - regulator type CORMES; power 66 kVA; voltage 380 V/0-0,22 kV
TA - current transformer CGS; ratio 150/5 A/300/5 A

I - amperemeter

TV, - voltage transformer CGS; ratio 220-440 V/100 V

Vi - voltmeter direct reading TSE

RE - (not used)

T - booster transformer PIVI; power 250 kVA; voltage 200-400V/250 kV
D - (not used)

Vs - (not used)

TV, - voltage transformer type PIVT; ratio 25000 V/100 V

V, - voltmeter CESI No.6393

AQ0121G
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Circuit A0022
Partial discharges measurement
Direct circuit - Scheme la
O-
—COn — C
— vk
—_P
Test object — C)
L RS
y=
—O~
o 0SC
P - calibrator CESI; CESI No. 346
Cx - coupling capacitor 0,3 nF
Zn - coupling impedance
RS - partial discharge detector HAEFELY TRENCH type TE 571; CESI No. 13281

OSC - (not used)
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Surge arrester type 2SS15N - rated torque 250 Nm - h=405 mm; F=617 N
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CESI PeC A4523280 oscillogram n. 3
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Surge arrester type 25S15N - rated torque 250 Nm - h=405 mm; F=617 N
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CESI PeC A4523280 oscillogramn. 4
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HAEFELY TRENCH TETTEX PD-DETECTOR

Info: 1 Start date: 00.00.00
Measurement name: Start time: 00:00
Comment:

1st PD Range: 100 pC 2nd PD Range: Not applied
Noise Suppression: 5 % Lockout Time: 7.3 usec
Test Measuring Time: 15 s Voltage Range: 50 kV
Remarks:

CESlI PeC A4523280 oscillogram n. 6
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[[PUBBLICATO A4522503 (PAD - 620991) |

‘ e = A4/522503
)’;_]l,”.{ L
Test Report n° 0030 Approved Page 1
Client IZOELEKTRO d.0.0. — Pesnica Pri Mariboru ( Slovenia)
Tested equipment Polymer housed metal-oxide surge arrester type 2SS15N
Tests carried out Residual voltage tests
Standards/Specifications IEC 60099-4 (2004-05)
Test date from December 10, 2004 to December 14, 2004
The results reported in this document relate only to the tested equipment.
Partial reproduction of this document is permitted only with the written permission from CESL
No. of pages 16 No. of pages annexed 20
Issue date February 23, 2005
Prepared BU PeC - M. Gregori i}_,.,@@,o %’%
r i
Verified BU PeC - A. Sironi ﬁs&»\ = e
Approved BU PeC - M. de Nigris ES]

CENTRO ELETTROTECAICO SPERIMENTALE ITALIAND

Busibess Unit

Prove & Componenti
Responsablle dei taboraforio

\

CESI Via R. Rubattino 54 Capitale s
Centro Elettrotecnico 20134 Milano - llalia interame
Sperimentale Italiano Telefono +39 022125.1 Codice

Fax +39 0221255440

Giacinto Motta spa
hitp:/fiwww.cesi.it

scale e numero
iscrizione CCIAA 00793580150

Eén;iééﬁ 550 000 Euro  Registro Imprese di Milano
versato Sezione Ordinaria

N. R.E.A. 420222
P.1. ITOO793580150
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Test Report

CES I ‘)ﬁﬂﬁﬂﬁ) A4/522503

n°® 0030 Approved Page 2

Tests witnessed by: —

Identification of the object:

The Manufacturer guarantees that the tested object is manufactured according to the
submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the
essential details and the parts of the tested object.

This drawing, identified by CESI and numbered A5006707 No. 1, is annexed to this
document.

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage

- dielectric tests with impulse current

- dielectric tests with alternating voltage
dielectric tests with direct voltage

: peak voltage: +3 %; time parameters: +10 %
: peak value: £ 3 %; time parameters: =10 %

: voltage (rms): £3 %

:voltage: £3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal

distribution, to confidence level of about 95%) and have to be considered as maximum values

Laboratory information
Receipt date of the sample
Test location

CESI testing team

Test laboratory

Activity code

November 28, 2004

CESI - Via Rubattino 54 — Milan
Mr L. Podavitte — Mr 1. Guacci
P177

19774B
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Test Report CESI ‘)iﬁ!ﬂi_ Al A4/522503

n” 0030 Approved Page 4

Test object characteristics

type: Polymer housed metal-oxide surge arrester section

electrical characteristics (assigned by the client)

Manufacturer's name [ZOELEKTRO d.o.0. — Pesnica Pri Mariboru (Slovenia)
Nominal discharge current - Iy [kA] 10,0
Rated voltage - U, [kV] 0,9912 x Uref.
Continuous operating voltage - U; [kV] 0,7930 x Uref.
Reference current - I.¢ [mA] 1,4
Line discharge class 1
Rated frequency - [Hz] 50-60
year of manufacture 2004

geometrical characteristics (measured on the test sample)

Height [mm] 215
Number of sheds 5
Shed diameter [mm)] 117
other characteristics
Housing material silicone
Housing color grey




Test Report CESI ‘)3 s A4/522503

0 0030 Approved Page 5

Photono. 1
Panoramic view of the test abject

Al12651G
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Test Report CESI ‘)ﬁdU)ﬁDU A4/522503

n° 0030 Approved Page 6

Reference Standard

IEC 60099-4 (2004-05) Clause 10.8.3
“Metal-oxide surge arrester without gaps for a.c. system”

Test carried out Number of sample tested

Lightning impulse residual voltage test 3

Switching impulse residual voltage test

Steep current impulse residual voltage test

Test object identification

Test object name Identification of test sample (given by Cesi)

polymer housed metal-oxide surge arresters section RVI1-RV2-RV3




A12651G

Test Report CESI ‘)QUUJﬁDU A4/522503

n” 0030 Approved Page 7

Test procedure

The lightning impulse residual voltage with current waveshape having front time equal to 8 ps and time to half value
equal to 20 us at the following values has been measured at following current levels:

Lk =10kA
05Iy = SkA
2y =20kA

The switching impulse residual voltage with current waveshape having front time greater then to 30 ps but less than 100
us and time to half value roughly twice has been measured according to table 3 of the reference standard at following
current levels:

I=125A
I=500A

The steep current residual voltage at Iy with current waveshape having front time equal to 1 ps and time to half value not
longer than 20 ps has been measured.

The inductive error was measured replacing the surge arrester section with a metal blocks having the same dimensions.
The inductive correction was applied by substracting the impulse shape measured on the surge arrester and the impulse
shape on the metal block.
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CES I ‘)ﬁﬂllﬁi] ﬁ]ﬂ A4/522503
Test Report n° 0030 Approved Page 8
Lightning impulse residual voltage test. IEC 60099-4 Standard
Test circuit:  A0120
Date: December 13, 2004
Sample Requested | Charging Oscillogram Current Discharge Residual Lighming impulse
current voltage waveshape current voltage protection level
No. kV No. us kA kV kV
0,5 x Iy 43,0 10 7,9/20,0 5,20 36,36
RV1 In 52,0 4 8,0/19.4 10,00 38,78
2,0x Iy 68.8 7 8,4/19,1 19,95 42,42
0,5 x Iy 43,0 11 7.9/20,0 5,16 36,16 see relevant curve
RV2 In 52,0 5 8,0/19.4 10,00 38,78 in the following
2,0x Iy 68,8 8 8,4/19,1 19,45 42,82 page 9
0,5 x Iy 43,0 12 7,9/20,0 5,10 35,96
RV3 In 52,0 6 8,0/19,4 10,20 38,38
20x1Iy 69,0 9 8,4/19,1 20,30 42,02
Oscilloscope settings
sampling division input attenuation
Hs Vv
0,5 Iy . 0,5 20:5
Current Iy > 0,5 50:5
2In 1,0 50:5
0,5 Iy 1,0 50:5
Voltage In 5 1,0 50:5
21y 1,0 50:5
Notes:
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Test Report ¥ w0030 Approved Page 10
Switching impulse residual voltage test. IEC 60099-4 Standard
Test circuit:  A0122
Date: December 14, 2004
ing D' R : 1 . . .
Sample Requested | Charging Oscillogram Current ischarge esidual | Switching impulse
current voltage waveshape current voltage protection level
No. A kv No. us A kv kv
RV1 125 29,1 13 31/86 130 28.89
500 35,2 16 32/73 504 30,50
125 29,3 14 / 28,08
RV2 — 31/86 130 30,50
500 35,2 17 32/73 500 29,90
RV3 125 29,3 15 31/86 131 28,08
500 35,2 18 32/73 518 30,10
Oscilloscope settings
sampling division input attenuation
us Vv
Current 20 0,5 5:5
Voltage 20 1,0 50:5
Notes:
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A4/522503
CESI Yo
Test Report n® 0030 Approved Page 11
Steep current impulse residual voltage test. [EC 60099-4 Standard
Measurement of the inductive error
Test circuit:  A0121B
Date: December 14, 2004
Charging . Current Discharge .
Sample voltage Oscillogram waveshape current Peak voltage | Inductive error
No. kV No. us kA kv %
aluminium block 59,0 19 0.95/2,2 10,2 1,2 2220 (1)
Oscilloscope settings
sampling division input attenuation
ns Vdiv
Current 500 2 x 10
Voltage 0,5
Notes: (1) correction is required
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CESI ‘)uﬂﬁﬁﬁD
Test Report ¥ L0030 Approved Page 12
Steep current impulse residual voltage test. IEC 60099-4 Standard
Test circuit:  AO121B
Date: December 14, 2004
Charging . ‘ Discharge Residual Steep current impulse
Sample voltage Oscillogram Current waveshape current voltage protection level
No. kv No. us kA kv kv
RV1 59,0 20 10,1 42,1
RV2 59,1 21 0,95/2,2 9,95 42,6 42.6
RV3 59,2 22 10,1 42,0
Oscilloscope settings
sampling division input attenuation
ns Viiv
Current 500 2 x10
Voltage 10 ——

Notes: wave channel 1 : discharge current
wave channel 2 : residual voltage
wave channel M1 : corrected residual voltage




A00I19IG

g e e A4/522503
CES' ‘)E:_'J[JUiJDUB

Test Report Y 40030 Approved Page 13

Circuit A0019
D

—|—

| |

RE T | |

Test object | |

Or— () — LT

L]

| i L

PC — |

|

= = 1Ty
measuring systems

Power frequency supply

RE
PC
T

- programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32191

- personal computer

- voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200 V/15-30 kV

Current measuring system

R

OSC

- Current shunt CESI No.31120; R=941,4 Q
- Electro optical system CESI No.11517/518; attenuation 5:5

- Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090

Voltage measuring system

D

0osC

- Voltage divider SAGI; CESINo.11120
- Electro optical system CESI No.11521/522; attenuation 50:5

- Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.90950
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Circuit A0120

I_C D

D <=

Test object

l_— _——

Sh — —

Impulse generator

No. of stages 2

Cg 4,98 yuF
Lc 10 uH

S - Spark-gap

Voltage measuring system.
D - Voltage divider SAGI; CESI No.11120

- Electro optical system CESI No.11521/522;
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system
Sh - Current shunt CESI No.6042; R= 2 mQ ; peak current= 250 kA

- Electro optical system CESI No.11517/518;
0OsC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

Y 1Y
measuring systems
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Circuit A0122
S Le 5
—> <— VAVl
[
| |
Test object | |
T |
__ Cq { |
Nl
] ]
T
she” =
N ‘ 1y
measuring systems
Impulse generator

No. of stages 1

Cg 2,49 pF
Lc 150 uH
S - Spark-gap

Voltage measuring system.

D - Voltage divider SAGI; CESINo.11120
- Electro optical system CESI No 11521/522
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system

Sh - Current shunt CESI No.6037; R= 20 m{; peak current= 250 kA
- Electro optical system CESI No11517/518
OsC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)
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Circuit A0121B

D <

Test object

I —

Shf —

- Y 1Y
measuring systems

Impulse generator

No. of stages 1
Cg 0,25 uF

S - Spark-gap

Voltage measuring system.
D - Voltage divider SAGI; CESI No.11120
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.2)

Current measuring system
Sh - Current Pearson CESI No.6042; 0,01 V xA
OSC - Oscilloscope type TEKTRONIX TDS 540A; CESI No.13217 (on channel No.1)

A01211IG
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[[PUBBLICATO A5006980 (PAD - 625486) |

CES I A5/006980
Test Report Approved Page 1
Client Izoelektro d.o.o. - Pesnica (Slovenia)
Tested equipment Polymer housed metal-oxide surge arrester type 2SS15N
Tests carried out Weather ageing test - Test series A: 1000 hours
Standards/Specifications TEC Standard 60099-4 Edition 2.0 (2004-05)
Test date from January 19, 2005 to March 17, 20035
The results reported in this document relate enly to the tested equipment.
Partial reproduction of this document is permitted only with the written permission from CESL
No. of pages 18 No. of pages annexed 6
Issue date March 18, 2005
Prepared BU PeC - G. Fedeli (‘?@oﬁgw Vekf ESI
Verified BU PeC - A. Sironi /\!QQ,\\» >/ CENTRO ELETTROTEGNICO SPERIMENTALE [TALIANG

< Bufiness Unit
: L rove fe Componenti

Approved BU PeC - M. de Nigris it Respongublle aw‘p;agg:; ]

CESI Via R, Rubattino 54
Centro Elettrotecnico 20134 Milano - Italia
Sperimentale ltaliano Telefono +39 0221251
Giacinto Motta spa Fax +39 0221255440
http:/fwww.cesi. it

Capitale sociale 8 000 Euro
interamente versato
Codice fiscale® numero

iscrizione CCIAA 00793580150

Registro Imprese di Milano
Sezione Ordinaria

N. R.EA. 429222
P.I. ITO0O793580150
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Approved Page 2

5/00
Test Report CESI A5/006980

Tests witnessed by:
/

Identification of the object: Performed

The Manufacturer guarantees that the tested object is manufactured according to the submitted drawing.

CESI checked that this drawing adequately represents in shape and dimensions the essential details and the parts of the tested
object.

This drawing, identified by CESI and numbered A5/011512, is annexed to this document.

The data necessary to permit repetition of the tests are contained in the document marked: ----

Measurement uncertainties:

- dielectric tests with impulse voltage : peak voltage: £3 %;  time parameters: +10 %

- dielectric tests with impulse current : peak value: £3 %; time parameters: =10 %

- dielectric tests with alternating voltage  : voltage (rms): =3 %

- dielectric tests with direct voltage : voltage: +£3 %

- atmospheric conditions : temperature: £2 °C;  pressure: = 0,133 kPa; humidity: + 10 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values.

Laboratory information

Receipt date of the sample November 26, 2004

Test location CESI — Via Rubattino 54 — Milan
CESI testing team G. Fedeli

Test laboratory P188

Activity code 19774B
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Test‘ Report CES I A5/006980

Approved Page 4

Test object

One polymer housed metal-oxide surge arrester manufactured by Izoelektro has been tested; The sample is type 2SSISN.
The sample has been identified by CESI as sample W1.

Rated characteristics of the tested object assigned by the Client

Metal oxide surge arrester

Manufacturer o _ 77777 ) 7 7 A R i - Izoelektro
Drawing No. i - - 5_17;48-00
:RaLteii_ voitage (Ur) - o - 7': 45kV
Maximum continuous operating voltage (U”c‘) N ) ) - 7 7 v 36kV
Rated frequency - - ) 50 Hz
‘Nominal discharge current (8/20 ps impulse shape) - ' " T10kA
Line discharge class o 7 - 1

Name and signature of Client’s witness: /
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Dimensional characteristics of the test object measured by CESI

Total height 405 mm
VMa{giimum creepage distance 1080 mm
Sheds number 12
Sheds diameter 116 mm
Sheds spacing 30 mm
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Picture of the test object

Al1761G
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Test carried out and test procedure
The tests have been carried out according to IEC Standard 60099-4 Edition 2.0 (2004-05) “Metal-oxide surge arrester without
gaps for a.c. system”, at clause 10.8.14.
Initial measurements
- The reference voltage has been measured at reference current equal to 1,4 mA,
- Internal partial discharges have been measured.
The application voltage has been increased up to rated voltage (U;) and maintained for 10 sec.
The voltage has been decreased to 1,05 times the continuous operating voltage (U, and the partial discharge level has
been measured according to the reference standard.
Weather ageing test. Test series A: 1000 hours
The test sample has been assembled in the test room in vertical position spaced from the chamber walls in order to avoid
electrical field disturbance.
The test object has been cleaned with deionized water before starting the test.
The surge arrester has been energised at U= 36 kV s and kept for a total duration of 1000 hours in the test room filled with
salt fog in the following condition:
- initial salinity of the water solution: 10 Kg/m® ‘see note 1)
- water flow rate: 0,4 £ 0,1 Vh*m®

The salt fog was not directly sprayed against the specimen.

Note 1: Due to repeated flashover the salinity had to be reduced several times during the test as detailed in the table at page 8

A scheme and a view of the test configuration are shown at pages 13 and 14.

The test sample has been visually inspected after about 500 hours and at test completion.
Photos were taken at the end of the test.

Final measurements

The initial measurements were repeated.



CES l A5/006980
Test Report Approved Page 8
Summary of test result
Test series A: 1000 hours
The external flashovers occurred during the test and the salinity change are noted in the table below.
Flashovers Test salinity ..
Salinity change
[#/1] o chang
After 66 hours 10 /
After 185 hours 10 From 10 g/l to 7 g/l
After 260 hours 7 /
After 265 hours 7 From7 g/lto 5 g/l
After 343 hours 5 /
After 360 hours 5 From 5 g/1to 3,5 g/l
After 403 hours 35 /
After 523 hours 35 From 3,5 to 2,5 g/l
After 654 hours 2,5 /
After 690 hours 2,5 From 2,5 g/lto 1,7 g/l
After 971 hours 1,7 /

Visual inspection

Note: Sheds are numbered starting from the live side.

After 500 hours:

No tracking, shed puncture or significant erosions have been evidenced by the visual inspection carried out after 500 hours.
After 1000 hours:

No tracking, shed puncture or significant erosions have been evidenced by the visual inspection carried out after 1000 hours
(see photos from page 15).

Three-like colour change was noted in particular above the sheds n. 2 and n. 3 (see photos at page 16)

Variation of the reference voltage

. Before test After test Variation
Test object o
kv 3% %
Sample W1 45,29 45,86 +1,26

Acceptance criteria: satisfied

All1761G
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Partial discharge level
Before test After test
Test object
PC pC
Sample W1 <1 <1

Acceptance criteria: satisfied

Conclusion

The acceptance criteria specified by the standard are satisfied. The test result is positive
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Measurement of the reference voltage - initial
Test circuit:
Date: January 19, 2005
Sample No. W1
oscillogram voltage current current current power 3rd harmonic amplitude
No. kV + mA,, -mAg mMA W A
1 45,29 1,41 1,31 0,65 17,32 /
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Weather ageing test. Circuit A0060

X

Ry
& '_Il raaan! e 1
T - Test object E
23k R Vi % § Vv v, (:Qim
TA Ru :
o ) e
s I I 1
™ - - =
AS
Power frequency test circuit
R - regulator type SPECIALTRASFO; power 50 kVA; secondary connection 400 V; CESI No. 37163
TV, - voltage reducer /
\'2 - voltmeter CESI No./
TA - current reducer ; ratio 100/1 A
I - direct reading amperometer
Ry, - protection resistor /
X - protection reactor / Q
T - booster transformer type SPECIALTRASFO; power 50 kVA; ratio 380 V/30 kV; unit No. 37168; CESI No. 37168
D - capacitive voltage divider type /; V=/kV; capacitance / nF; CESI No. /
V3 - voltmeter CESI No. /
AS - acquiring system; board / ; optical decoupler CESI No. /; software type /
Ry - leakage current measuring resistor /
I - leakage current measuring instrument type /; CESI No. /
TV, - voltage reducer type MAGRINI GALILEQ; CESI No. 6276; ratio 42 kV/100 V
vV, - voltmeter CESI No. 9625
Check of the test circuit Date: 01/24/05
Low voltage High voltage K
k=420 ks =/ ‘
v, Vi I Iy V, Vv \£ Vv N Vav/V,
v \Y% A A A% kV \Y kv kv
/ / / / 47.86 20,10 / / / /
/ / / / 81.63 34,28 / / / !

A00601G
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Weather ageing test. Test arrangement
Plant: pollution test room planimetry

36 kV

Sample W1

1 (A)

door

Test room volume: 24,3 m’
B: bushing
N: spray nozzles. Number of spray nozzles: 2

Al1761G




Test Report CESI A5/006980

Approved Page 14

View of the test arrangement

A11761G
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Overall view of the test sample after the weather ageing test

A11761G
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Details of the test object after the weather ageing test

Al11761G
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Measurement of the reference voltage - final
Test circuit:  /
Date: March 17, 2005
Sample No. W1
oscillogram voltage current current current power 3rd harmonic amplitude
No. kV + mA. -mA, mA s W pHA
2 45,86 1,42 1,41 0,654 18,45 /
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Oscillogram No.1
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Oscillogram No.2
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C ES I AS5/006980

Alt-F9 Load New Setup

ESC  Ouit PD-DETECTOR

Oscillogram No.3

A13881G



CESI

A5/006980

HAEFELY TRENCH TETTEX

Info: 1

Measurement name:
Comment:

lst PD Range: 100 pC
Noise Suppression: 5
Test Measuring Time: 15 s

oo

Remarks:

PD-DETECTOR

Start date: 00.00.00
Start time: 00:00

2nd PD Range: Not applied
Lockout Time: 7.3 usec
Voltage Range: 50 kV

Oscillogram No.4

Al388IG
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Alt-F9 Load New Setup

Onit PD-DETECTOR

Oscillogram No.5

A13881G
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[[PUBBLICATO A5009883 (PAD - 622300) |

CES I A5/009883
Test Repcrt Approved Page 1
Client IZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)
Tested equipment Metal oxide resistors blocks section type 2SS15N
Tests carried out Accelerated ageing test of the resistor blocks
Standards/Specifications IEC 60099-4 (2004-05) clause 8.5.2,
Test date from December 10, 2004 to February 24, 2005
The results reported in this document relate only to the tested equipment.
Partial reproduction of this document is permitted only with the written permission from CESI.
No. of pages 14 No. of pages annexed 12
Issue date March 23, 2005

Prepared
Verified

Approved

BU PeC - L. Podavitte
BU PeC - A. Sironi

BU PeC - M. de Nigris

PM(IOL&/ e

4

f‘rove e
Il Responsapil

CESI

Centro Elettrotecnico
Sperimentale Italiano
Giacinto Motta spa

Via R. Rubattino 54
20134 Milano - Italia
Telefone +39 022125.1
Fax +39 0221255440
http:/fwww.cesi.it

Caplta!e sociale 8 550 000 Euro
interamente versato

Codice fiscale e numero
iscrizione CCIAA 00?93580 150

420222

Registro Imprese di Milano
Sezione Ordinaria

N. R.E.A.
P.1. ITO0793580150



A5/009883
Test Report CESI

Approved Page 2

Tests witnessed by:

Identification of the object: not requested

The data necessary to permit repetition of the tests are contained in the document marked: ---

- dielectric tests with impulse voltage : peak voltage: =3 %; time parameters: =10 %
- dielectric tests with impulse current : peak value: £ 3 %; time parameters: =10 %

- dielectric tests with alternating voltage : voltage (rms): £3 %

dielectric tests with direct voltage : voltage: +3 %

The measurement uncertainties are estimated at the level of twice the standard deviation (corresponding, in the case of normal
distribution, to confidence level of about 95%) and have to be considered as maximum values

Labeoratory information

Receipt date of the sample November 29, 2004

Test location CESI - Via Rubattino 54 — Milan

CESI testing team Mr L.Podavitte , Mr 1.Guacci, Mr M. Gregori
Test laboratory P177

Activity code 19774B

A10011G
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Test Report

CESI

Approved

AS5/009883

Page 4

Rated characteristics of the tested object assigned by the Client

The test was carried out on three samples of resistor blocks section surrounded by the same material as in the actual surge
arrester. A view of the test samples is shown at page 5. The characteristics of the test samples are listed in the tables below

Electrical characteristics claimed by the client

Manufacturer [ZOELEKTRO d.o.0. — Pesnica Pri Mariboru ( Slovenia)
Type o 2S8S15N
_Rated voltage (Ur) 0.9912* Uref
Maximum continuous operating voltage (Uc) 0.7930* Uref
Reference current (Iref) 1,4 mA
Rated frequency 50 Hz
Nominal discharge current (8/20 ps impulse shape) 10 kA
Line discharge class 1
Year of manufacture B 2004
Geometrical characteristics measured by Cesi i
Total height (mm) 148

Diameter (mm)

60 min - max 68
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Photograph of the test sample

Photono. 1

Al12651G
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Reference Standard

IEC 60099-4 (2004 - 05): “Metal-oxide surge arrester without gaps for a.c. system”, clause 8.5.2,

Test carried out and identification of the test objects

Test carried out Number of test objects Test object identification

accelerated ageing test 3 AGI1-AG2-AG3

Test procedure

The test has been performed on three sample of resistor blocks section surrounded by the same material as in the actual surge
arrester.

The test voltage U, has been calculated as:

Uq= KH(140.15*L) * Uper= ky * Uer = 4.35 kV

Where:

Urer is the reference voltage measured on the samples at ambient temperature
K. is the ratio Uc/Urefmin

(1+0.15*%L) is the correction factor related to the voltage unbalance

L is the surge arrester length in meters

The factor k, has been calculated for all the surge arresters of the series. The highest value found was 0,841. The test has
been conducted at a test voltage equal to Uy = 0,841*U ;= 4.35 kV s

The test samples have been placed in separate chambers (not sealed) and then positioned in the oven.

The oven has been heated up to 115 °C and then the samples have been energized at the power-frequency voltage of 4,35
kV ¢ for a total duration of 1000 hours while maintained at the temperature of 115 + 4 °C.,

Power losses and temperatures have been monitored continuously during the test (see oscillogram no. 10,11,12).

More detail data are given for measurements carried out at the beginning (2 hours after energization) and at the end of the
test.

Note:
The scheme of the test chamber and test oven are shown in the test arrangements A8056 and A8057
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Summary of test results

Details of the measurements carried out at the beginning (2 hours after energization) and at the end of the test are given in the
table below.
The trend of the power losses monitored during the test is shown on the oscillogram n. 10,11 and 12

Test object identification
Test results
AGI1 AG2 AG3
Ageing test voltage = U, (kV) 435
Pc (W) (after 2 hours) 0,958 1,035 1,155
Tic (°C) (after 2 hours) 114,0 114,1 1140
Pyc (W) (after 1000 hours) 1,682 1,341 1,764
Tac (°C) (after 1000 hours) 114,2 1143 114,2
ke =Pac/Pic 1,755 1,296 1,527

Evaluation criteria according to IEC 60099-4 (2004-05)

The ratio P>/P ¢ was higher than 1,0 for all samples
where:

- P,care the power losses measured at the end of the test
- P\care the power losses measured at the beginning of the test (2 hours after energization)

The results of the resistor aging test shall be considered in the operating duty test as prescribed in the reference
standard at item 8.5.2.2 and table 7

Al4451G
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Power frequency voltage-current characteristics. IEC 60099-4 Standard

Power frequency voltage-current characteristics at ambient temperature
Test circuit:  A0019

Date: December 10, 2004

Sample No. AG1
oscillogram voltage current current current power 3rd harmonic amplitude
No. kV +mA - mA, MA w LA
1 5,12 1,41 1,11 0,602 1,73 -
Sample No.
oscillogram voltage current current current power 3rd harmonic amplitude
No. kV + mAg -mA, mMA e W HA
2 5,17 1,43 1,23 0,623 1,90 -
Sample No.
oscillogram voltage current current current power 3rd harmonic amplitude
No. kv + mAg -mA mMA s w LA
3 5,15 1,42 1,24 0,635 1,91 --

Al1168IG
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Accelerated ageing test, IEC 60099-4 Standard
Power frequency voltage-current characteristics at the beginning of the test
Test circuit:  A0119
Date: January 13, 2005
Sample No. AG1
oscillogram voltage current current power temperature
No. kV + mA, - mA,, W °C
4 4,35 0,708 0,684 0,958 114,0
Sample No. AG2
oscillogram voltage current current power temperature
No. kv + mA, -mA, w °C
5 4,35 0,723 0,723 1,035 114,1
Sample No.
oscillogram voltage current current power temperature
No. kV +mA, -mA, W °C
6 4,35 0,767 0,796 1,155 114,0
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Accelerated ageing test. IEC 60099-4 Standard
Power frequency voltage-current characteristics at the end of the test
Test circuit:  A0119
Date: February 24, 2005
Sample No. AG1
oscillogram voltage current current power temperature
No. kV + mA, -mA, A\ Y oC
710 4,35 0,957 0,966 1,68 114,2
Sample No AG2
oscillogram voltage current current power temperature
No. kV + mA, -mAg w °C
8/11 4,35 0,835 0,864 1,34 114,3
Sample No. AG3
oscillogram voltage current current power temperature
No. kv + mA, -mA w °C
9/12 4,35 1,021 1,064 1,76 1142
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Test arrangement A8056
34
5
1
Il %
4 Bushing—=
+ e R e L R R R i £1
4 | J !
1 2 10 p 00
Metal—oxide resistor1 /‘/// >A”uminium SpOCGrS
225452 Connecting rod
i
5
L

Gas connection

Dimensions in cm:  all

Notes:

AB0S6IG
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Test arrangement A8057
[
4 m
Electrical connection
| I I IAD
— Gas connection \
|
;, ;. .' @ 2,5 m
_ ¥
4 m
Notes:
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Circuit A0019
D
iﬁ
RE T | |
Test object | f |
I | j—‘ |
R
PC = — |
|
_T— _—__ ¥y Ty
measuring systems
Power frequency supply
RE - programmable supply type LARCET A.C. Power Source 5000 P.S.; CESI no. 23702-32191
PC - personal computer
T - voltage transformer type SPECIALTRASFO; power 30 kVA; voltage 200 V/15-30 kV
Current measuring system
R - Current shunt CESI No.31120; R=941,4 ©

0OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090

Voltage measuring system

D - Voltage divider SAGI; CESI No.11120
- Electro optical system CESI No.11521/11522;
0OSC - Oscilloscope type SONY TEKTRONIX RTD 710A; CESI No.9090
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Circuit A0119
i
Test objects j
RE T ] YRC) =2
2..1010 i C
s — D= n
:_ __l__.:,__l
| L
I | !
PC R e B
.
i - L iy
= Y f - e Rl
measuring | measuring measuring
systems H systems systems

thermocouple

Power frequency supply

RE
PC
T

TV

thermocouple

- programmable supply type LARCET A.C. Power Source 3000 P.S.; CESI no. 14315

- personal computer

- voltage transformer type PIVI; power 10 kVA; voltage 220 V/12,5 kV

- Current shunt type SECI ; R= 1000 Q

- Voltage trasformer; CESI  30000:100

Data acquisition system type NATIONAL INSTRUMENTS SCXI-1001
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Accelerated ageing test Sample n.AG1

[ 9, ] aunjesadwa |
X - (o)} (o)) (va] [o0]
‘ i “ g 5002/20/6Z
5002/20/22
’ 5002/20/12

$002/20/02
5002/20/61
‘ 5002/20/81
| | 5002/20/L1
5002/20/91
5002/20/51
S002/20/€ )
S002/20/2
5002/20/} 1
5002/20/01
5002/20/60
$002/20/80
$002/20/20
| $002/20/90
5002/20/50
5002/20/20
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Accelerated ageing test Sample n. AG2
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Accelerated ageing test Sample n. AG3
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