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Foreword

The text of document 37/416/FDIS, future edition 3 of IEC 60099-4, prepared by IEC/TC 37 "Surge
arresters" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 60099-4:2014.
The following dates are fixed:
— latest date by which the document has to be implemented at (dop) 2015-05-04

national level by publication of an identical national

standard or by endorsement

— latest date by which the national standards conflicting with (dow) 2017-08-04
the document have to be withdrawn

This document supersedes EN 60099-4:2004.
Attention is drawn to the possibility that some of the elements of this document may be the subject of

patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 60099-4:2014 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60068-2-17 NOTE Harmonized as EN 60068-2-17.

IEC 60099-1 NOTE Harmonized as EN 60099-1.

IEC 60099-5:2013 NOTE Harmonized as EN 60099-5:2013 (not modified).
IEC 60721-3-2 NOTE Harmonized as EN 60721-3-2.

IEC 62271-202:2006 NOTE Harmonized as EN 62271-202:2007 (not modified).

ISO 3274 NOTE Harmonized as EN ISO 3274.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Publication Year Title EN/HD Year

IEC 60060-1 - High-voltage test techniques - EN 60060-1 -
Part 1: General definitions and test
requirements

IEC 60060-2 - High-voltage test techniques - EN 60060-2 -
Part 2:cMeasuring,systems

IEC 60068-2-11 1981  Environmental testing - EN 60068-2-11 1999
Part 2: Tests|< Test KaicSalt-mist

IEC 60068-2-14 - Environmental testing - ' EN60068-2-14 -
Part 2-14: Tests'- Test N’Change 'of
temperature

IEC 60071-1 - Insulation co-ordination - EN 60071-1 -
Part 1: Definitions, principles and rules

IEC 60071-2 1996 Insulation co-ordination - EN 60071-2 1997
Part 2: Application guide

IEC 60270 - High-voltage test techniques - EN 60270 -
Partial discharge measurements

IEC 60507 2013  Artificial pollution tests on high-voltage EN 60507 2014
ceramic and glass insulators to be used on
a.c. systems

IEC 62217 - Polymeric HV insulators for indoor and EN 62217 -

outdoor use - General definitions, test
methods and acceptance criteria

IEC 62271-1 2007 High-voltage switchgear and controlgear - EN 62271-1 2008
Part 1: Common specifications
IEC 62271-200 2011  High-voltage switchgear and controlgear - EN 62271-200 2012

Part 200: AC metal-enclosed switchgear
and controlgear for rated voltages above
1 kV and up to and including 52 kV

IEC 62271-203 2011  High-voltage switchgear and controlgear - EN 62271-203 2012
Part 203: Gas-insulated metal-enclosed
switchgear for rated voltages above 52 kV
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Publication
IEC/TS 60815-1

IEC/TS 60815-2

ISO 4287

ISO 4892-1

ISO 4892-2

ISO 4892-3

CISPR/TR 18-2

Year
2008

2008

Title

Selection and dimensioning of high-voltage
insulators intended for use in polluted
conditions -

Part 1: Definitions, information and general
principles

Selection and dimensioning of high-voltage
insulators intended for use in polluted
conditions -

Part 2: Ceramic and glass insulators for
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Geometrical Product Specifications (GPS) -
Surface texture: Profile method - Terms,
definitions and surface texture parameters

Plastics - Methods of exposure to
laboratory light sources -
Part 1: General guidance
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Part 2: Xenon-arc lamps

Plastics - Methods of exposure to
laboratory light sources -
Part 3: Fluorescent UV lamps

Radio interference ‘characteristics of
overhead power lines and;high:voltage
equipment -

Part 2: Methods of measurement and
procedure fordetermininglimits
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EN ISO 4892-3



IEC 60099-4

Edition 3.0 2014-06

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Surge arresters —
Part 4: Metal-oxide surge arresters without gaps for,a.c. systems

Parafoudres —
Partie 4: Parafoudres.a oxyde métallique sans éclateur pour réseaux a courant
alternatif ‘

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE X H
CODE PRIX

ICS 29.120.50; 29.240.10 ISBN 978-2-8322-1646-0

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 60099-4:2014 © IEC 2014

CONTENTS

O ] T I P 11
INTRODUGCTION ..ottt et e e e e e e e et e e e et e e e et e et e e eeenns 14
1 ST o 1= S 15
2 NOrMative referENCES ... e e 15
3 Terms and definitioNs ... 16
4 ldentification and classifiCation ... 26
4.1 Arrester identification ... ... 26
4.2 Arrester classifiCation ... ... 26

5 Standard ratings and service CONditioNS ..........oiiuiiiiiiii 27
5.1 Standard rated VOIAgeS .. ...ovnii 27
5.2 Standard rated freqUENCIES ... 27
5.3 Standard nominal discharge Currents .........cccooiiiiiiiii e 27
54 Service CONAItIONS ... i 27
5.4.1 Normal service CoNditioNS ... ... 27
5.4.2 Abnormal service CONAitioNS ... ..coiiiii e 27

6 R QUINEM TS ..o e 28
6.1 Insulation withstand €l A L A L T R T L N e 28
6.2 Reference VOIAge ... ... 28
6.3 Residual voltages ... ..o L L a L e L e e 28
6.4 Internal partial diSCharges ..... ..o 29
6.5 Seal leak rate................... .2 no s, P 29
6.6 Current distribution in'a multi-column arrester ... e, 29
6.7 Thermal stability ... e 29
6.8 Long term stability under continuous operating voltage ...........cocoiiiiiiiiiiin e 29
6.9 Heat dissipation behaviour of test sample ... ... 29
6.10 Repetitive charge transfer withstand ................oooi i 29
6.171  OPerating dULY ... 29
6.12 Power-frequency voltage versus time characteristics of an arrester ...................... 29
6.13  Short-circuit performanCe. ... ... 30
I S I 1 1= Yoo o o =T o (o] o P 30
6.14.1 Disconnector Withstand........ ..o 30
6.14.2 Disconnector Operation . ... ... 30
6.15 Requirements on internal grading components............cooiiiiiiiiiii i 30
6.16  Mechanical 10ads ... 31
6.16.1 LY o= = | P 31
6.16.2 Bending MoOmMeEnt. ... 31
6.16.3 Resistance against environmental stresses ..........cooooiiiiiiiiiiiiii 31
6.16.4 Insulating base and mounting bracket............coooiiiiiii 31
6.16.5 Mean value of breaking load (MBL).........oooiiiiiii e 31
6.16.6 Electromagnetic compatibility ........oooviiii i 31

G A = o 1o o) 1) PP 31
6.18 Lightning impulse discharge capability ..........coooiiiiii 31

7 General testing ProCEAUIE ... e 32
7.1 Measuring equipment aNd @CCUFACY ......iuuiniiie e e e eneanas 32

7.2 Reference voltage measuremMeNnts ..........oiuiiiiiiiiiii e 32



IEC 60099-4:2014 © IEC 2014 -3-

7.3 TSt SAMPIES o e 32
7.3.1 GBNEIAL .. 32
7.3.2 Arrester section requIremMeNntS ... ..o 33

8  Type tests (deSign teStS) oouii i e 34

8.1 LT =Y o =T - ¥ S 34

8.2 Insulation Withstand testS ... ... 35
8.2.1 GBNEIAL .. 35
8.2.2 Tests on individual unit hOUSINGS ......iiuiiiii e 36
8.2.3 Tests on complete arrester assemblies ... 36
8.2.4 Ambient air conditions during tests .........cocooiiiii i 36
8.2.5 Wet teSt ProCEAUIE ....oe e 36
8.2.6 Lightning impulse voltage test........coo i 37
8.2.7 Switching impulse voltage test ... ... 37
8.2.8 Power-frequency voltage test. ..o, 37

8.3 Residual voltage testS .. ... 38
8.3.1 GBNEIAL .. 38
8.3.2 Steep current impulse residual voltage test...........ooi 38
8.3.3 Lightning impulse residual voltage test ... 39
8.3.4 Switching impulse residual voltage test...........cooviiiiiiii i 39

8.4 Test to verify long term stability under continuous operating voltage..................... 39
8.4.1 General L. L L A LN L AN NP N L Y LYY 39
8.4.2 MO resistor elements stressed. bEIOW Urpf.....ih oo, 40
8.4.3 Test procedure for MO resistor elements stressed at or above Uygf............... 41

8.5 Test to verify the repetitive charge transfer,rating, Qrs.........c.ocooviiiiiiiiiiinns 44
8.5.1 GeNEIAN Lt ol eles ieb mifm st erleymbebmrrd merhe b ket 2 75045 R - Y WP 44
8.5.2 Test procedure ...00a51 b3e93c3/5ist=en-60099-4:2014. .. veeei e 45
8.5.3 Test evaluation ... 46
8.5.4 Rated values of repetitive charge transfer rating, Qpg.................oooo 46

8.6 Heat dissipation behaviour of test sample ... ... 47
8.6.1 LY o= = | P 47
8.6.2 Arrester section requIremMeNntS ... ..o 47
8.6.3 Procedure to verify thermal equivalency between complete arrester and

ArreS el SECHION L. e 47

8.7 Operating duty 1ESt ... 47
8.7.1 GBNEIAL ..t 47
8.7.2 T eSSt PrOCEAUIE .o 48
8.7.3 Rated thermal energy and charge values, Wih and Qtp ..ooooooeeeeeeeeeeee, 51

8.8 Power-frequency voltage-versus-time test..........ooooii 52
8.8.1 GBNEIAL ..t 52
8.8.2 T eSSt SAMPIES e 53
8.8.3 Initial MeasSUremMENtS ... ..o 54
8.8.4 LI o e Yo7 =Y o [ o = P 54
8.8.5 Test evaluation ... 55

8.9 Tests of arrester diSCONNECIOr........co.iiiiiii e 55
8.9.1 LT o= = | P 55
8.9.2 Operating withstand test ... 55
8.9.3 DisSCONNECtOr OPEratioN ... 56
8.9.4 Mechanical teStS .. . i 57

8.9.5 Temperature cycling and seal pumping test ..o 58



-4 - IEC 60099-4:2014 © IEC 2014

8.10  Short-CirCUIt 1ESES .o 58
8.10.1 GBNEIAL .. 58
8.10.2 Preparation of the test samples ..o, 59
8.10.3 Mounting of the test sample ... 63
8.10.4 High-current short-circuit testS......ccoiiiii e 64
8.10.5 Low-current short-circuit test ... ... 67
8.10.6 Evaluation of test reSuUlts . ..o 67

8.11 Test of the bending moment.... ..o 67
8.11.1 GBNEIAl e 67
8.11.2 L A= VTP 67
8.11.3 Sample preparation ... 68
8.11.4 LIS o e Yo7 =Y o [ o= PP 68
8.11.5 Test evaluation ... 68
8.11.6 Test on insulating base and mounting bracket ..., 69

8.12  ENVvironmMental 1eStS ....ou i 69
8.12.1 GBNEIAl e 69
8.12.2 Sample Preparation ... 69
8.12.3 T eSSt PrOCEAUIE .o 69
8.12.4 Test @Valuation ... 70

8.13  Sealleak rate 1St ..o e 70
8.13.1 Generd 1.€N- DS LANDVDARID) . FIREVIEW. 70
8.13.2 SamMpPle PreParation ... .. . e e Bt B e 8o e et et e e e e 70
8.13.3 Test procedure .. 70
8.13.4 TeSt @VAIUALION L.ttt et 70

8.14 Radio interference voltage (RIV) test . .. . omos e P 70

8.15 Test to verify the dielectricywithstand of internabcomponents ............................... 72
8.15.1 GBNEIAL .. 72
8.15.2 T eSSt PrOCEAUIE ..o 72
8.15.3 Test @Valuation ... 72

8.16  Test of internal grading components ... . ..o 72
8.16.1 Test to verify long term stability under continuous operating voltage.............. 72
8.16.2 Thermal CYCHIC eSSt ... e e 73

9 Routine tests and acceptance tests . ... 74

9.1 ROULINE 1S S .o e s 74

9.2 ACCEPIANCE 1SS i 75
9.2.1 Standard acceptance testS ... 75
9.2.2 Special thermal stability test .. ... ..o 76

10 Test requirements on polymer-housed surge arresters .........coovviiiiiiiiiiiiii i, 76

0 T e o= S 76

10.2  NOImMative FefErENCES ...t e e 76

10.3  Terms and definitioNs. ... ..o 76

10.4 Identification and classification ...........ccoooiiiiiii i 76

10.5 Standard ratings and service conditioNS..........coooiiiiiiiiii 76

O T U= Yo 10 11 =Y 0 0 =Y 0PN 76

10.7  General testing ProCEAUIE.........iiiii e 77

10.8 Type tests (design testS) ... 77
10.8.1 GBNEIAL .. 77

10.8.2 Insulation Withstand testS ... 77



IEC 60099-4:2014 © IEC 2014 -5-

10.8.3 Residual voltage tests ... 77
10.8.4 Test to verify long term stability under continuous operating voltage.............. 78
10.8.5  Test to verify the repetitive charge transfer rating, Qg ........oooovvviiii. 78
10.8.6 Heat dissipation behaviour of test sample............ooi 78
10.8.7 Operating duty tESES ....iviii 78
10.8.8 Power frequency voltage-versus-time test............oooiii 78
10.8.9 Tests of arrester diSCONNECTON ... 79
10.8.10  Short-CirCUIt 1EStS .oe i e 79
10.8.11  Test of the bending moment ... 85
10.8.12  Environmental tests .. ..o 92
10.8.13  Seal leak rate test. . .o 92
10.8.14 Radio interference voltage (RIV) test ..o, 92
10.8.15 Test to verify the dielectric withstand of internal components......................... 92
10.8.16  Test of internal grading components ..........coiiiiiiiiii e 92
10.8.17  Weather ageing test. ..o 92
10,9  ROULINE 1ESES ot 94
11 Test requirements on gas-insulated metal enclosed arresters (GIS-arresters) ............... 94
T T T o1 S 94
T1.2  NOrmMative FefErENCES ...t e e e 94
11.3  Terms and definitions. .. ... 94
11.4 Identification andiclassification ... n L. L o L L L 94
11.5 Standard ratings and service, CONAILIONS . 2t Farwrnt Db eernenn e e e e e e e e eeens 95
I T U= Yo 10 11 =Y 0 0 =Y PN 95
11.6.1 WithSTaNd VOILAQES ... eecrmrmsoerrmryer e srrsoreessenenseneneenesseneenrneeaeneeesreneeneneenenaens 95
11.7  General testing. ProCedUIES. . .ufeyetetarmdsrele ekt 7044 R S T T W P 98
11.8 Type tests (design tests) i hielle/sisten 000004200, 98
11.8.1 LY o= = | P 98
11.8.2 Insulation withstand tests ... 98
11.8.3 Residual voltage tests ... 101
11.8.4 Test to verify long term stability under continuous operating voltage............ 101
11.8.5 Test to verify the repetitive charge transfer rating, Qpg ....oooooeveeiiii 101
11.8.6 Heat dissipation behaviour of test sample............ooo 101
11.8.7 Operating duty teSES ... 101
11.8.8 Power frequency voltage-versus-time test............cooi 101
11.8.9 Tests of arrester diSCONNECIOr ... 101
11.8.10  ShOrt-CirCUIT tESES . iiuiiiii e 101
11.8.11  Test of the bending moment ... 101
11.8.12  Environmental tests .. ... 102
11.8.13  Seal leak rate test . .o 102
11.8.14 Radio interference voltage (RIV) test ..o, 102
11.8.15 Test to verify the dielectric withstand of internal components....................... 102
11.8.16  Test of internal grading components ............oooiiiiiiiii e 102
11,9  ROULINE 1ESES . e 102
11.10 Test after erection ONn Site ... 102
12 Separable and dead-front @rreSters ..o 102
220 T e o 1= 102
12.2  NOrmMative FefErENCES ... et 103

12.3  Terms and definitionNS. ... 103



-6- IEC 60099-4:2014 © IEC 2014

12.4 Identification and classification ... 103
12.5 Standard ratings and service conditions............ccciiiiiiiiiiiiii 103
B2 T S U= Yo 10 11 =Y o 0 =Y £ 103
12.7  General testing ProCeaUIE ... ... i 104
12.8  Type tests (desSign teSIS) ..o 104
12.8.1 LY o =T = | 104
12.8.2 Insulation withstand tests ... 104
12.8.3 Residual voltage tests ... 106
12.8.4 Test to verify long term stability under continuous operating voltage............ 106
12.8.5 Test to verify the repetitive charge transfer rating, Qpg .....ooooooveiiii 107
12.8.6 Heat dissipation behaviour of test sample............oo 107
12.8.7 Operating duty teSES ..o 107
12.8.8 Power-frequency voltage versus time test............ooiiiiiii 108
12.8.9 Tests of diSCONNECIOr ... 108
12.8.10  Short-CirCUIT tEST ..uuiei e 108
12.8.11 Test of the bending moment ... 109
12.8.12  Environmental tests .. ... 109
12.8.13  Seal leak rate test. ... 109
12.8.14 Radio interference voltage (RIV) test ..o, 109
12.8.15 Test to verify the dielectric withstand of internal components....................... 110
12.8.16  Test oflinternal grading components ... v i WV 110
12.8.17 Internal partial discharge test....c....omi it 110
12.9 Routine tests and acceptance tests.. 110
S T o WY o BT g Y0 g =T EoT=To = T =S (= P 110
131 SCOPE ... itiesesestomneionplen s be s he st orleyeda b rrdmse b de kafy 272 Ay ne o5 e £ S4G)e s e E b e e e e e e eemeemeenaeens 110
13.2 Normative references.20a5 80203 55en-00090-4: 2004 i 111
13.3  Terms and definitions. .. ... 111
13.4 Identification and classification ... 111
13.5 Standard ratings and service conditioNS..........coooiiiiiiiiiii 111
13.6 ReEQUINEMENTS Lo et 111
13.7 General testing ProCeAUIE.........iiiiii e 112
13.8  Type tests (design testS) .. 112
13.8.1 L= a1 =Y PPN 112
13.8.2 Insulation withstand tests ... ... 112
13.8.3 Residual voltage tests ... 112
13.8.4 Test to verify long term stability under continuous operating voltage............ 113
13.8.5 Test to verify the repetitive charge transfer rating, Qpg .......cccovvvviiiiiiiiiiiiii, 113
13.8.6 Heat dissipation behaviour of test sample............coooiiiiiiiii i 114
13.8.7 Operating duty testS ..o 114
13.8.8 Power frequency voltage-versus-time test............coooviiiiiiiiiii i 114
13.8.9 Tests of arrester diSCONNECIOr ......cvuiiiiiii e 114
13.8.10  Short-CirCUit teStS .oui e 114
13.8.11 Test of the bending moment ... 116
13.8.12  Environmental tests .. ... 116
13.8.13  Sealleak rate teSt. . ..o 117
13.8.14 Radio interference voltage (RIV) test ... 117
13.8.15 Test to verify the dielectric withstand of internal components....................... 117

13.8.16 Test of internal grading cOomMponNents ..........cooeiiiiiiiiiiiii e, 117



IEC 60099-4:2014 © IEC 2014 -7-

13.9 Routine tests and acceptance tests ... ... 117
Annex A (normative) Abnormal service conditions...........cccooiiiiiiiiiii i 118
Annex B (normative) Test to verify thermal equivalency between complete arrester
AN ArTES eI SECTION L. e 119
Annex C (normative) Artificial pollution test with respect to the thermal stress on
porcelain housed multi-unit metal-oxide surge arresters...........cocoviiiiiiiiiiii i 121

C.1 L€ [0 T1=T- | PP 121

C.11 Measured qUaNtities ... e 121
C.1.2 Calculated quantities ... 121

C.2 L= 1= - Y U 122

C.3 Classification of site SeVerity... ... 125

C4 Preliminary heating test: measurement of the thermal time constant  and

CalCUIAtiON Of B oo 125

C.5 Verification of the need to perform the pollution tests................o. 126

C.6 General requirements for the pollution test............cooiiiii 126

C.6.1 T eSSt SAMPIE . 126
C.6.2 Testing Plant.... oo 127
C.6.3 Measuring devices and measuring pProcedures .........ccceveuiiieiieeineneeianneannen. 127
c.6.4 Test preparation ... 129
C.7 LI A o] e Tod=To LU T =T PP 129
C.7.1 Slurry method .. ow. A TR A S e e A 129
C.7.2 Salt fog Method . ... i et 131
C.8 Evaluation of test resulis: s 132
C.8.1 (021 (o1 0] E= 1 4T o e ) 2 T PP 132
C.8.2 Calculation of the expected temperature rise AT, in service ........................ 133
C.8.3 Preparation for theoperating duty testgo. . amid i 133
C.9 [T E= 0 0] o1 - PPN 133
C.9.1 Preliminary heating test ... ... 134
C.9.2 Verification of the need to perform the pollution test .............c.cooiiiiinll 134
C.9.3 SaAlt fOg 1ESES et 134
C.9.4 Calculation performed after five test cycles.........ooiiiiiiiiii, 135
C.9.5 Calculation performed after 10 test CycCles ......cooviiiiiiiiii e, 136
Annex D (informative) Typical information given with enquiries and tenders....................... 137
D.1 Information given with enquiry . ... 137
D.1.1 SYStEM data ..o 137
D.1.2 Service CONAIIONS .....iiiiii e 137
D.1.3 ATTEStEr AULY ..o 137
D.1.4 Characteristics Of arrester ..o 138
D.1.5 Additional equipment and fittings ..o 138
D.1.6 Any special abnormal conditionS..........oooiiiiiiiii 138

D.2 Information given with tender ... ... 138
Annex E (informative) Ageing test procedure — Arrhenius law — Problems with higher
LEST 0] L= =Y (01 = PP 139
Annex F (informative) Guide for the determination of the voltage distribution along
MeEtal-0OXiAE SUMGE AITES OIS . ottt e et e e e aaeaen 141

F.1 (CT=T o 1=Y = | PN 141

F.2 Modelling of the surge arrester ... 141

F.3 Modelling of the boundary conditions ..o 142

F.4 Calculation ProCEAUIE ... ..iiii e 142



-8- IEC 60099-4:2014 © IEC 2014

F.4.1 Capacitive representation of the MO resistor column ...l 142
F.4.2 Capacitive and resistive representation of the MO resistor column .............. 143
F.4.3 Determination of Ugt.......cooooieiiiiiiii 143
F.5 Example calculations ... 143
F.5.1 Modelling of the arrester and the boundary conditions ...............cc.cceeeiinni. 144
F.5.2 Resistive effects of the metal-oxide MO resistors...........ooooiiiiiiiiiiiines 144
F.5.3 Results and conclusions from electric field calculations ................cccoceienni. 144
Annex G (normative) Mechanical considerations...........ccooiiiiiiiiiiiii 149
GA1 Test of bending MOMENT.... ..o e 149
G.2 S BISMIC HE St e 150
G.3 Definition of mechanical 10ads ..o 150
G.4 Definition of seal 1eak rate ..o 151
G.5 Calculation of wind-bending-moment............coooiii 152
G.6 Procedures of tests of bending moment for porcelain/cast resin and polymer-
NOUSEA ArTeSTEIS .. e 153
Annex H (normative) Test procedure to determine the lightning impulse discharge
CaAP A Y e 155
H.1 L= a1 = Y USSP 155
H.2 Selection of test sampPles ... 155
H.3 B I A o] e T =Y o 11 o - PP 156
H.4 Test parameters:for the| lightninglimpulse /discharge ‘capability test ..................... 156
H.5 Measurements during the lightning impulse discharge capability test.................. 156
H.6 Rated lightning impulse’discharge ‘capability. . e e, 156
H.7 List of rated energy Values ... ..o 157
H.8 List of rated Charge Values .. ey pe e sen s mnrsas e e e s e enaeeaaeeaaeeaeeaneeenns 157
Annex | (normative) Determination of the,start temperature in tests including
verification of thermal stability ... 158

Annex J (normative) Determination of the average temperature of a multi-unit high-
(20 ] 1= Yo L= Yo =TT (= 159

Annex K (informative) Example calculation of test parameters for the operating duty
test (8.7) according to the requirements of 7.3 . ... 161

Annex L (informative) Comparison of the old energy classification system based on
line discharge classes and the new classification system based on thermal energy
ratings for operating duty tests and repetitive charge transfer ratings for repetitive

SINGIE BVENT BN IGIES ..t 162
710 1o = o 4 /28N 168
Figure 1 — lllustration of power losses versus time during long term stability test.................. 41
Figure 2 — Test procedure to verify the repetitive charge transfer rating, Qg ... 45
Figure 3 — Test procedure to verify the thermal energy rating, W;p, and the thermal

charge transfer rating, Qtp, respectively ...........ccccciiiiiiii 49
Figure 4 — Test procedure to verify the power frequency versus time characteristic

LI Y =3 PN 53
Figure 5 — Examples of arrester UNitS.........oouiiiiiiii e 62
Figure 6 — Examples of fuse wire locations for “Design A" arresters...........ccoeoveiiiiiiiiiininnenns. 62
Figure 7 — Examples of fuse wire locations for “Design B* arresters.......................s 63
Figure 8 — Short-circuit test setup for porcelain-housed arresters.............c.oooiiiiis 63

Figure 9 — Short-circuit test setup for polymer-housed arresters .............ccoeviiiiiiiiiiinen. 82



IEC 60099-4:2014 © IEC 2014 -9-

Figure 10 — Example of a test circuit for re-applying pre-failing circuit immediately

before applying the short-circuit test current ... ... 84
Figure 11 — Thermomechanical teSt ... ... e 88
Figure 12 — Example of the test arrangement for the thermomechanical test and

direction of the cantilever 10ad ... ... 89
Figure 13 — Water iIMMeErsion ... ... e e e 90
Figure 14 — Test set-up for insulation withstand test of unscreened separable arresters ..... 105
Figure C.1 — Flow-chart showing the procedure for determining the preheating of a

LESES T A= 0 1] o = 3 124
Figure F.1 — Typical three-phase arrester installation..............coooiiii 145
Figure F.2 — Simplified multi-stage equivalent circuit of an arrester.................................. 146
Figure F.3 — Geometry of arrester model .........cooiiiiiiiii e 147
Figure F.4 — Example of voltage-current characteristic of MO resistors at +20 °C in the
FoF=1 €= Yo T Y o1 B =Y o A =Y o T Y o S 148
Figure F.5 — Calculated voltage stress along the MO resistor column in case B .................. 148
Figure G.1 — Bending moment — multi-unit surge arrester ...........oooooiiiiiiiiii e 149
Figure G.2 — Definition of mechanical [0ads ..o 151
Figure G.3 — Surge arrester UNit ... ..o e 152
Figure G.4 — Surge-arrester diMeNSIONS ......oiiuiiiniiii e 153
Figure G.5 — Flow chart'of-bending moment test procedures ... il 154
Figure J.1 — Determination of averagejtemperaturejincase:of arrester units of same

(=) (Yo IRV o | =T = 30 S 160
Figure J.2 — Determination of averagestemperature incase of arrester units of different

rated voltages ....... Jows s esmsekasele ibehe silesderloebe b nrede e ket 734 065 5SRO @) qa e enrrmrrmremsernrenne 160
Figure L.1 — Specific energy in kJ'pefkV rating dependant'on the ratio of switching

impulse residual voltage (Ug) to the r.m.s. value of the rated voltage Uy of the arrester ...... 163
Table 1 — Arrester ClassifiCation .. ... ..o 26
Table 2 — Preferred values of rated voltages ..........oooiiiiiiiii 27
Table 3 — Arrester tyPe teStS .o 35
Table 4 — Requirements for high current impulSes ..........cooiiiiii i 50
Table 5 — Rated values of thermal charge transfer rating, Qp...........oooooeeiiiiiiii, 52
Table 6 — Test requirements for porcelain housed arresters...........ccooiiiiiiiiiiiciie, 61
Table 7 — Required currents for short-circuit tests.........cooo i, 65
Table 8 — Test requirements for polymer-housed arresters...........ccooviiiiiiiiii i, 81
Table 9 — 10 kA and 20 kA three—phase GIS-arresters — Required withstand voltages ......... 96
Table 10 — 2,5 kA and 5 kA three — phase — GIS arresters — Required withstand

AT L0 L =T 1= P 97
Table 11 — Insulation withstand test voltages for unscreened separable arresters............... 105
Table 12 — Insulation withstand test voltages for dead-front arresters or separable

arresters in a screened/shielded hOUSING .......cooiiiiiii i, 106
Table 13 — Partial discharge test values for separable and dead-front arresters.................. 110
Table C.1 — Mean external charge for different pollution severities ...l 125
Table C.2 — Characteristic of the sample used for the pollution test ................coooiiiiinll 127

Table C.3 — Requirements for the device used for the measurement of the charge ............. 127



	mø:÷ü��s¢¼ˆý~�—°˚�Ý8BÛł¸Ü…−Bk�9;¸)ﬂ‹Š�_"�Sl²þ⁄�‰ªı/«bªÍÚåM1¹0·÷È¿Û�¦ôÈcü›$RleGÖ˙O9ÿ8¯Î¾’

