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Applied test specifications:

IEC 600994 Ed. 1.2 (2001)
IEC Publ. 60060-1, (1989)
IEEE C62.11-1999

Tests Performed:
Type test:

¢ Insulation withstand tests on the arrester housing (part of type test)
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of the specifications mentioned above.
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3 Technical data of the arresters

3.1 Type 3EP2 ...-1..2.-...

Maximum rated voltage 240 kV
Maximum continuous operating voltage 192 kV
Nominal discharge current 10 kA

Long duration current impulse capability 500 A/2ms
Line discharge class 2

Thermal energy discharge capability 5 kd / kV ated
Single impulse energy discharge capability (>4 ms) 2.6 kJ / kV qteq
High current impulse capability 100 kA

3.2 Type 3EP2 ..-1.3.-...

Maximum rated voltage 240 kV
Maximum continuous operating voltage 192 kV
Nominal discharge current 10 kA

Long duration current impulse capability 500 A/2ms
Line discharge class 3

Thermal energy discharge capability 5.5 kd / kV,ateq
Single impulse energy discharge capability (>4 ms) 3 kd / KV ateq
High current impulse capability 100 kA

3.3 Type 3EP2 ..-2..2.-...

Maximum rated voltage 360 kV
Maximum continuous operating voltage 288 kV
Nominal discharge current 10 kA

Long duration current impulse capability 850 A/2ms
Line discharge class 2

Energy discharge capability 5 kd / kV ateq
Single impulse discharge capability 3.8 kd / KV ateq
High current impulse capability 100 kA

3.4 Type 3EP2 ...-2..3.-....

Maximum rated voltage 360 kV
Maximum continuous operating voltage 288 kV
Nominal discharge current 10 kA

Long duration current impulse capability 850 A/2ms
Line discharge class 3

Energy discharge capability 8 kJ / kV/ated
Single impulse discharge capability 4 kd / kV ateq
High current impulse capability 100 kA
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3.5 Type 3EP2 ...-3.3.-...

Maximum rated voltage 396 kV
Maximum continuous operating voltage 301 kV
Nominal discharge current 20 KA

Long duration current impulse capability 1200 A/2ms
Line discharge class 3

Energy discharge capability 8 kd / kV ateq
Single impulse discharge capability 5.3 kd / kV,ateq
High current impulse capability 100 KA

3.6 Type 3EP2 ..-3..4.-....

Maximum rated voltage 468 kV
Maximum continuous operating voltage 374 kV
Nominal discharge current 20 KA

Long duration current impulse capability 1200 A/2ms
Line discharge class 4

Energy discharge capability 10 kJ / KV ateq
Single impulse discharge capability 5.6 kd / kV,ateq
High current impulse capability 100 KA

3.7 Type 3EP2 ...-4..5.-...

Maximum rated voltage 468 kV
Maximum continuous operating voltage 374 kV
Nominal discharge current 20 KA

Long duration current impulse capability 1600 A/2ms
Line discharge class 5

Energy discharge capability 13 kd / kVateq
Single impulse discharge capability 7.8 kJ / KV ateq
High current impulse capability 150 kA



SIEMENS

5

Sheet:

HBA 9420 P

Report No.:

ing

| draw

imensiona

D

4

]| ER]
puaig N-Tg jsny NPT TN-PAld Viv/ieuiog Sumsnion.. pun und e
p - 109 780¢0 06V WHE Dy suawalg

) 917 26582 / 2vH QLd PUOIS T TG [PUETS 110 |
~J9EJ)Ua-]_wioN —J1ee)jua- ' 100 10
-]jae}ju3-| 1) NISHIIENH {iE00 HET0
Em& 1039 1QNHIS-4 1 €00 HIGLG)
(SBUSTOH) 2436 LGN IOUNG ON|——samfvmsrmms sl w0l v
700¢"€0°91| wneg 9661°20°60 (iS00 HEEL
Funuyoiaz-gvo | puRlg JIAMY Bunyajss)803 1 900 K
1 z00 Lo
1 800 1910
¥002'€0°91 Uapugas o7 41| p | 600 | 810
wneg [Py Funawag | puerg T o010 T 020

sajiyoud pays 3arjeusaye ([

—_—

0629

Tt o+ 2'8S + T'ES = €S

Tt+ QIS + TS = 1S

1530uB}SIp J3AOYSE))

Buls Buipesf jo uoipisod ) 05ep
Bui Fuipess jo i3jawelg v p
(Ny 3ouejsip 3fedsalo)
uoljeue)dxa 33 ‘S3JURISIP JIADYSE{  #S 31}0u4d-N,
g aouesip 3Bedaaso wnwiuy oy //
sjun jo saquny v u q 97T 3dAL
(sdays wwg ur dn papunor) yBiBH " H
oveg =
(Ty 3ouejsip aBedsalo)
JSjodd-1,
, N
@ 97T 3dAL
0021 |008T| G¥1€ | G¥IE |999¢€ |0€G0T|0/G6 | € |SBEY| 9T @
00¥1]008T|0c/E |08FE |086E |OVLTT| —— | ¥ |OVBY | GI
] 008 |00cT|0Lve |G08c |S/6c |G088 [G8LL | € |GOLE| VI
008 |00cT| G19¢ | Ol/¢ [OCTIE |0cT16 [01e8 | ¢ |019E | €1
00/ |000T|0cce |0tve |0G/¢ |[0L08 |01gL | ¢ |OFee | 21 121018 IdAL
00/ |000T| G/BT |Ov€e |Oeve |010L [S829 | € | 0GTIE| 1T
00/ |000T|0eBl | Gcle |Ovvbe |020L |08BES | ¢ |0E6 | O1
8 00G |008 | 0€9T | G981 | 0861 |0/8G | 061G | ¢ [0OLve| B
00¢ |008 |G/l |48vI | OI9T [O¥L¥ [OBIF | € |00 | 8
— | — | —— | —— | 0961 |09G¥ | GOI¥ T[6G08T| /
——| — | — | —— | §/€1 |SE0¥ |S09€ | T |0e8T| 9
— | — | —— | —— | Ocel |OI¢E |OBIE | T [99¥1| G
] ——| — | — | —— | 066 |SE6ec |96Ge | T [GECl| ¥ STPTIT IdAL
— | —| — | ——| 908 |0/€c |SB0c | 1 |QS0T| €
— | — | — | —— | S€¥ |0OEtCT | G601 T |089 c
—| — | — | ——| 98¢ | 0L, |G09 T | 00S T
. ww ww ww ww wuw ww ww ww
1 p|les | 2 | 18 [aNh |a™ | u| H |3dAL
8 L 9 g ’ 2 ’

3440

juoa

ayy

S1yBu Buipnaus “sjyBu Ny “saBowsp o) I|geN 3 A €13y

“AJIONING VYK 683,03 I0OYIIA PN YoU €1 Gl
3 10 |uawna0p ) jo 360 10 uOIESIEUGI) ‘uDHangod

aled J3p 194 U3y

12
2j0
oy

iapa Bun)

03 3Ny

ne1gan

“Bun01)r3- 318nWSK:

13uapayag nz uay

U2pu0sageY! ‘UBNRYIGIOA 3y

aB0z yonyppene

Suray pun Sun)

IMPUBYI3PIANZ “UapL
a8 10
a3

1A uatl
hanos Jape)

TR Y



SIEMENS

Report No.: HBA 9420 P Sheet: 6

5 Insulation withstand tests

The insulation withstand voltages of all arrester housings are given in the table below.

Insulation withstand level of arrester housing

Power-frequency Lightning Switching

voltage impulse impulse

Housing 50 Hz, 1 min Voltage Voltage

type " / kV / kV / kV

dry wet dry wet
1 71 56 148 122 102
2 116 96 252 204 174
3 217 177 467 362 322
4 268 218 574 446 396
5 328 268 708 558 488
6 383 303 798 620 550
7 423 343 905 724 624
8 350 270 700 540 460
9 430 350 900 680 600
10 480 400 1050 780 700
11 480 400 1050 780 700
12 560 480 1200 900 800
13 630 550 1350 1000 900
14 600 530 1300 1000 900
15 800 750 1800 1175 1175
16 750 680 1700 1100 1050

1) acc. to drawing 3 HM 490 02084 (see sheet no. 5)

A dielectric test, consisting of a power-frequency voltage test and a switching impulse voltage test, each
under dry and wet conditions, and a standard lightning impulse voltage test (test circuits see sheet-nos.
12 and 13) was performed according to IEC 60060-1 (1989) on three arrester housings (internal parts
removed):

Type 7 (highest specific voltage stress, one unit and longest arrester unit)
Type 9 (highest specific voltage stress, multi unit)
Type 15 (longest arrester)

The arresters were assembled on a support of 2.2 m height.



SIEMENS

Report No.: HBA 9420 P

Sheet:

7

5.1 Test Result

Atmospheric conditions for Type 7 and 9:

T=23°C
p=1016 mbar
RH =63 % (h=13.1 g/m°)

Atmospheric conditions for Type 15:

T=22°C
p =1012 mbar
RH=61% (h=11.9 g/m%
ki = air density correction factor
ks = humidity correction factor
ki = Ky *ka correction factor
Housing Condition K4 Ko ki
type
Lightning impulse voltage 7 dry 0.9928 1.0194 1.0121
9 dry 0.9928 1.0216 1.0143
15 dry 0.9922 1.0102 1.0024
Switching impulse voltage 7 dry 0.9928 1.0216 1.0143
wet 0.9947 - 0.9947
9 dry 0.9939 1.0182 1.0120
wet 0.9958 - 0.9958
15 dry 0.9963 1.0048 1.0011
wet 0.9963 - 0.9963
Power-frequency voltage 7 dry 0.9980 1.0070 1.0050
wet 0.9987 - 0.9987
9 dry 0.9982 1.0066 1.0047
wet 0.9988 - 0.9988
15 dry 0.9984 1.0024 1.0009
wet 0.9986 - 0.9986
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5.1.1 Table of withstand voltage values
Housing | Condition | Polarity | Required | Corrected | Applied Test result
Type voltage voltage voltage
/ kV / kV / kV
imp / flash
Lightning impulse 7 dry positive 905 916 920 15/0
voltage 1.2/50 ps negative 905 916 920 15/0
9 dry positive 900 913 914 15/0
negative 900 913 914 15/0
15 dry positive 1800 1804 1805 15/0
negative 1800 1804 1805 15/0
imp / flash
Switching impulse 7 dry positive 724 734 735 15/0
voltage 250/2500 ps negative 724 734 735 15/0
wet? | positive 624 621 625 15/0
negative 624 621 625 15/0
9 dry positive 680 688 690 15/0
negative 680 688 690 15/0
wet? | positive 600 599 600 15/0
negative 600 599 600 15/0
15 dry positive 1175 1176 1178 15/0
negative 1175 1176 1178 15/0
wet? | positive 1175 1171 1172 15/0
negative 1175 1171 1172 15/0
Power-frequency 7 dry. 423 425 425 1 min
voltage 50 Hz wet 343 343 344 no flash
9 dry* 430 432 432 1 min
wet 350 350 350 no flash
15 dry. 800 801 802 1 min
wet 750 749 750 no flash
) Resistivity of water: 102 uS/cm (98 Qm)

Precipitation rate vertical / horizontal:

1.5...1.8 mm/min

The test samples have passed the test without any flashover (oscillograms see sheet nos. 9 to 11).
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5.1.2 Oscillograms

5.1.2.1 Housing type 7, Lightning impulse voltage

positive polarity

1000 negative polarity
oo || [T ey —
700 / -100
600 -200 | \
< 500 | -300
S 400 > 400 -
300 | S -500
200 -600 - \
100 - .} -700
0 M -800 - \
100 +— | | | | -900 y B eaantll
01 2 3 4 5 6 7 8 9 10 -1000 ‘ ‘ ‘ :
t/ps 01 2 3 4 5 6 7 8 9 10
t/us

5.1.2.2 Housing type 7, Switching impulse voltage - dry

positive polarity negative polarity
900 - 100
800 0 +——
700 - N -100
600 ™~ -200
~
. 500 Y _ -300
< 400 < -400 ——
o) -]
300 - -500 - /
200 -600 -
L~
100 - -700 - \_—"
0 -800
-100 -900
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
t/us t/us

5.1.2.3 Housing type 7, Switching impulse voltage - wet
positive polarity negative polarity

700 100

600 & 01

500 \ -100
I S~ -200 |

400
< 300 < -300 —
) ) /
200 -400 - T
100 -500 -
0 -600 - "
-100 ‘ : : -700
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

t/ us t/us
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5.1.2.4 Housing type 9, Lightning impulse voltage

positive polarity negative polarity
1000 100 +
900 S 0 v
800 -100 + \
700 / -200
600 / -300 + \
< 500 / = -400 \
S 400 I S -500
300 I -600 + \
200 I -700 \
100 -800 +
0 / -900 "
-100 ‘ T 1 -1000 T T T T T 1
o 1 2 3 4 5 6 7 8 9 10 0O 1 2 383 4 5 6 7 8 9 10
t/us t/ps

5.1.2.5 Housing type 9, Switching impulse voltage - dry

positive polarity negative polarity
800 - 100 -
700 0 =
600 f\ ™ -100 1
500 - -200 +
= 400 | > -300 -
X X
S 300 ~ S 400 _—

200 -500 \ /
100 ~ -600 - \/

0 7._.-1 -700 -
-100 ‘ : : -800 ‘ :

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
t/us t/pus

5.1.2.6 Housing type 9, Switching impulse voltage - wet

positive polarity negative polarity
700 + 100 4
600 0
500 - -100 +
400 -200
< <
= 300 4 = -300 4
D D
200 - -400 +
100 -500
0 J -600 | \/
-100 ‘ ‘ -700 ‘ ‘ ‘

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
t/us t/us
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5.1.2.7 Housing type 15, Lightning impulse voltage
positive polarity negative polarity
2000 - 200 -
1800 0 v
T ———
1600 - f I -200 - \
1400 -400
1200 + / -600 +
< 1000 = -800
S 800 - 3 -1000 |
600 -1200
400 + -1400 -
200 -1600
|
0 7....,.,9/ -1800 1 \w—"""""ﬂ—"
'200 T T T '2000 T T T T
0O 1 2 3 4 5 6 10 01 2 3 4 5 6 7 8 9 10

t/us

5.1.2.8 Housing type 15, Switching impulse voltage — dry

1300 +

positive polarity

1200

N

1100
1000 -
900

N

800

700 -
600 -
500

U/kV

400 -
300 -
200

100 A

-

-100

t/us

0 500 1000 1500 2000 2500 3000

100 -

negative polarity

-100
-200 -
-300

-400

-500 -
-600 -
-700

U/kV

/

-800 -
-900 -
-1000

/

yd

-1100 -
-1200 -

wd

7

-1300
0

5.1.2.9 Housing type 15, Switching impulse voltage - wet

1300 +

positive polarity

1200
1100

AN

1000 -

™~

900

| ™~

800
700 -
600 -
500

U/kV

400 -
300 -
200

108 :_J

-100

t/us

0 500 1000 1500 2000 2500 3000

100 -

500 1000 1500 2000 2500 3000

t/us

negative polarity

-100

-200 -
-300

-400
-500 -
-600 -
-700

U/kV

-800 -
-900 -
-1000

P

-1100 -
-1200 -
-1300

"

i

0

500 1000 1500 2000 2500 3000

t/pus
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5.2 Technical data of test circuit
5.2.1 Insulation withstand test (Power-frequency voltage)
Transformer: Rated voltage kV 1200
Rated power kVA 1500
E— TS
CH
Tr
CN
= uy
Tr.... Transformer
TS... Test sample

Voltage measurement: u
Capacitive divider: Cp= 168 pF, Cn=1.3 pF

AC Peak Voltmeter Haefely type 51
Oscilloscope Tektronix type 2430

Test sample: arrester housing
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5.2.2 Insulation withstand test

(Lightning impulse voltage and Switching impulse voltage)

Surge circuit:  Surge capacitance nF 44 44
Load capacitance nF 0.56 0.56
Front resistance kQ 0.5 37
Discharge resistance  kQ 1.6 75
Test wave front time us 1.2 250
TG R,
CH
| | u
=T C, R, — C, |TS .
CN
TG... Trigger spark gap
TS.. Test sample
Cs... Surge capacitor
Cb... Load capacitor
Rd... Front resistor
Re... Discharge resistor

Voltage measurement: u

Capacitive divider: CpH= 262 pF, Cn=489 nF

Peak Voltmeter Haefely type 64 M
Oscilloscope Tektronix type 2430

Test sample: arrester housing



