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Introduction

[Thisintroduction is not part of IEEE Std C62.11-1999, |EEE Standard for Metal-Oxide Surge Arresters for AC Power
Circuits(> 1 kV).]

This standard presents minimum criteria for the testing of metal-oxide surge arresters that are applied to ac
power systems above 1 kV (1000 V).

Metal-oxide surge arresters described in this standard are the most predominant arrester technology applied
on ac power systems above 1 kV. Other valve-type arresters are covered in |IEEE Std C62.1-1989. For pro-
tection of low-voltage circuits, including vulnerable or susceptible electronics, the latest standards published
in the C62 series should be consulted.

This standard is written for metal-oxide surge arresters both with and without spark gaps.

The following additions are included in this revision:
a) Expanded definitions for basic lightning impulse insulation level (BIL);

b)  New definitions for maximum design cantilever load-static (MDCL-static) and ultimate mechanical
strength-static (UM S-static);

¢)  Short-circuit design tests for polymer-housed distribution arresters;
d) MDCL-static tests for polymer-housed arresters;

e) UMS-dtatic tests for porcelain-housed arresters;

f)  Expanded routine test requirements.

This standard was devel oped by three working groups within the Surge Protective Devices Committee.
Working Group No. 3.3.8 had the following membership:

S. Brewer and D. W. Lenk, Chairs

J. Bennett B. Johnnerfelt J. C. Osterhout
T. Bialek J. Kester B. Parsons

J. Case M. V. Lat T. Rozek

M. G. Comber G.E. Lee B. Steinbrecher
T. Compton A.Lim E. Tarasiewicz
M. DeNigris P. Lindemuld R. Thallam
C.C. Erven J. Mackevich A.Vitols

P. Freeman A. Maguire J. Wilson

T. Hartman N. McQuin J. J. Woodworth

Working Group No. 3.3.10 had the following membership:

K. Nolan and A. Maguire, Chairs

J. Bennett R. E. Foelker J. Mackevich

T. Bialek T. Hartman N. McQuin

S. Brewer S. Hendley J. C. Osterhout
J. Burke B. Johnnerfelt T. Rozek

J. Case J. Kester B. Steinbrecher
M. G. Comber D. Kundu E. Tarasiewicz
T. Compton M. V. Lat R. Thallam

J. P. DuPont D.W. Lenk A.Vitols

M. DeNigris J. Levine B. Wolinski
C.C. Erven A.Lim J. J. Woodworth
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M. G. Comber J. Levine E. Tarasiewicz
T. Compton A.Lim E. R. Taylor
M. DeNigris J. Mackevich R. Thallam

J. P. DuPont A. Maguire A. Vitols

C. C. Erven N. McQuin J. Williams

P. Freeman R. Moore J. Wilson

G. Gaibrois J. J. Woodworth

The following members of the balloting committee voted on this standard:

Phil P. Barker Bengt Johnnerfelt John B. Posey

John S. Bonnesen Jeff J. Kester Jesus Martinez Rodriquez
H. Steve Brewer Ed Knapp Tim E. Royster
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James Case Alan E. Kollar Hans Steinhoff
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Randall L. Dotson Benny H. Lee Lewis Douglas Sweeney
Cliff, C. Erven GerddE. Lee Andy Sweetana

Francis J. Fiederlein DennisW. Lenk EvaJ. Tarasiewicz
Harald Fien Paul Lindemulder Edgar Taylor

Laurence H. Fish W. Al Maguire Arnold Vitols

Ernie Gallo Francois D. Martzloff Matthew S. Wakeham
George S. Haralampu Nigel P. McQuin Arthur C. Westrom
Steven P. Hendley Daleep C. Mohla Steve G. Whisenant
Andrew Robert Hileman Yasin|. Musa James Jr. Wilson

David W. Hutchins Ken Nolan Jonathan J. Woodworth
Hieu Huynh Richard Odenberg Donald M. Worden
David W. Jackson Joseph C. Osterhout Janusz Zawadzki

Carlos Peixoto

When the IEEE-SA Standards Board approved this standard on 22 March 1999, it had the following
membership:

Richard J. Holleman, Chair Donald N. Heirman, Vice Chair
Judith Gorman, Secretary

Satish K. Aggarwal James H. Gurney L. Bruce McClung
Clyde R. Camp Jm D. Isaak Louis-Frangois Pau
JamesT. Carlo Lowell G. Johnson Ronald C. Petersen
Gary R. Engmann Robert Kennelly Gerald H. Peterson
Harold E. Epstein E. G. “Al” Kiener John B. Posey

Jay Forster* Joseph L. Koepfinger* Gary S. Robinson
Thomas F. Garrity Stephen R. Lambert Hans E. Weinrich
Ruben D. Garzon Jim Logothetis Donald W. Zipse

Donald C. Loughry

*Member Emeritus

Janet Rutigliano
|EEE Sandards Project Editor

iv Copyright © 1999 IEEE. All rights reserved.



Contents

oo o= 1
2. REFEIEINCES. ... bbbt 1
3 DEFINITIONS. ...ttt ettt E et R e e r et r e 2
4. SEIVICE CONMITIONS. .. cvieirieetereete sttt ettt et bt b e e b e eb e se b seeb e s e e bt se e st s R et e R e e eb e e eb e e ebennebeneebe e 8
4.1 UsUal SErViCe CONTITIONS......cueeeiiieeiieiirieertee sttt 8
4.2 UNUSUEl SErVICE CONITIONS .......cuiieeireeiirieiirieest ettt bbb 8

5. Standard voltage ratings: duty-cycle voltage and maximum continuous

OPErating VOItAgE (MCOV) ....c.eiiiiriierieesieeet ettt bbbttt b e nbenes 9
6. Performance charaCteristicsS @nd tESES ..ot 10
2N I~ o (0o U] - RS 11
7.1 Complete arrester tESt SPECIMENS. ......ccvcieiii e s st e et re e s be e s re st et see e enseeeneens 11
7.2 Prorated arrester tESE SECHION .......coiiirieerte sttt e 12
7.3 TSI MEASUMEIMIENLS. .....eotiieieteee ettt ettt sttt bt b e e e b e e s e sbe e et eae e e e saeesbesaeeseesanesbesanenbenananes 15
7.4 1MPUISE tESE-WAVE TOIEIANCES.......ueueetieeteseete ettt et 15
7.5 Power-frequenCy teSt VOITAgES........coiiririeeriee ettt 16
S B L= o g I (= OSSPSR 16
8.1 Arrester insulation WithStand tESES. .......cvveirireieereee e 16
8.2 Power-frequenCy SParkOVES TESL........ccviireii e e ettt et e e e e 17
8.3 Discharge-voltage CharaCteriStiCS .......cvuviiiiiice e e e e e 18
8.4 Impulse protective level voltage-time CharaCteristiC .........ooeverereieeieieeeeree e 19
8.5 Accelerated aging PrOCEAUIE..........coccriririirertieesieseesee et e e et et sbe st saesbesbe b b besee e eneeeeneens 23
8.6 Accelerated aging tests of externa polymeric insulating systems
for diStriDULION ClasS @ITESLENS......c.co ittt sttt 24
8.7 CONAMINGLION TS ..ottt sbe et e s b sa e besbese e te e seeneenenneeneens 27
8.8 Distribution class surge arrester seal iNtegrity tESt .......oovirrirrirere s 28
8.9 Internal-ionization voltage (11V) and RIV tESIS.....cccvviie e 29
8.10 Discharge-current WithStand tESIS.........ccvviiiiire e e 30
8.11 DULY-CYCIB LESES....c.veteieieeeee ettt e sttt e e e e e be et e s aesresbesbesre b e stesee e eneeneeneens 36
B.L12 TOV LESS .. tieeteeete sttt sttt sttt sttt ettt se et e se et e sa et e s e ese s e e se st e se st ene et e e e beseebeseebenaebesenteneesenens 37
8.13 Pressure-relief tests for station and intermediate Class arresters...... .o erenieneniene e 39
8.14 Short-circuit test for porcelain-housed distribution surge arresters..........covveveeversenneneene, 42
8.15 Short-circuit test for polymer-housed distribution class arresters..........coovvveeveeeenienesesiene s 44
8.16 Failure mode test for liquid-immersed arrEStErS.........oirirrerreree s 47
8.17 Deadfront arrester fallure MOGE.........cccoereirieireee e 48
8.18 Distribution arrester diSCONNECOr TESES........civevirieirieirieerieere e 49
8.19 Maximum design cantilever load-static (MDCL-StatiC) tESt ......ccevveveeveeieeirece e 51
8.20 Ultimate mechanical strength-static (UM S-static) tests for porcelain-housed arresters............ 53
9. Conformance teStS Of VAIVE @ITESLENS........cocuiiririiieie ettt st e e 53
9.1 Power-frequenCy SParKOVESN TESL.......c.iiiiireeierecte ettt 53

Copyright © 1999 IEEE. All rights reserved. \Y



9.2 Front-of-wave impulse proteCtive [VE ... 54

0.3 DiSCharge-VOItagE tESE......c.eicveeee ettt e sr e e e sre e ae s reeaesreenne s 54

9.4 TIV @NA RIV TESIS ..ttt b e bbb b bbb st e e e e 54

O A @0 g = U o1 o o FA USSR 54
10.2 1dENtiTiCALION TBEA .......veveeeeeeeie ettt b bbb b bbb e e 54

O TS =0T F= o I 0 T o 1 o 54

10.3 110N @NA SLEE] PAIS......eeieeeee et te s e teeae e e e reeteereetesneenas 55

10.4 TermMinal CONNECLIONS. ........oiuieieeeeeeierie ettt sttt ettt sb e bbb b e see b et e e e e ne e enas 55

10.5 HousiNg 1€8KagE iSANCE..........ccueeiecieeece et st sttt re et e ne e b ennenas 55

11, ProteCtive CharalleriSHiCS ... coiiiririeteet ittt sttt b bbb e et et s e e se e 56
12.  Certification test procedures for arresters applied to unit substations.............cccveceveeveeveeseseesieenenn 56
T2.1 GONENE ...ttt bbb ettt h et eh bRt E b e e et et e e neeas 56

A I (= ST U USSP 56

12.3 EVAlUBLION PIrOCEAUIE. ........eeveeiecieeie sttt ettt et e s ae et e s reete s aeentesaeenbeeseenteeneesesneennas 57

R @ g ) o= X o o PO USSR 57

12.5 Production monitoring and product retest reqUiremMents...........ccoovveereecierieeceseeseseese e 57

G T B 01U 1] 0 T= 0 (= PO USSR 58
G I R 04 = g s =T T = S 58

13.2 DiSCharge-VOItAQE tESL........cc.eee ettt st s e e s e e s re et e eneenresnnenas 59

TG KolallZz (0 g RV 0] L =0 SN = S 59

D314 SEA| ESE ...ttt h et h bRt R bbb et et e e e aeeas 59

13.5 POWEr-TrEOUENCY TESL ... .ceee ettt ettt st et st s e e s ra et eereenteeneareennennas 59

13.6 POWEr-freqUENCY SPArKOVES ......cc.eccieiieeieciieteeteeste ettt st s teere e e s ra et e eneateennenas 60

Annex A (informative) Basis for accelerated aging ProCeaUIe ...........ecceeeececeeie s 61
Annex B (informative) Surge arrester classification prescribed test requirements.........cccoceveeveecevecciecienns 63
Vi Copyright © 1999 IEEE. All rights reserved.



IEEE Standard for Metal-Oxide
Surge Arresters for AC Power
Circuits (> 1 kV)

1. Scope

This standard applies to metal-oxide surge arresters (MOSA) designed to repeatedly limit the voltage surges
on 48-62 Hz power circuits (> 1 kV) by passing surge discharge current and automatically limiting the flow
of system power current. This standard applies to devices for separate mounting and to those supplied
integrally with other equipment.

2. References

This standard shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

ANSI C37.42-1996, American National Standard for Switchgear—Distribution Cutouts and Fuse Links—
Specifications.!

ANSI C84.1-1995, American National Standard for Electric Power Systems and Equipment—Voltage
Ratings (60 Hz).

ASTM A153/A13M-98, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.2
ASTM D750-95, Standard Test Method for Rubber Deterioration in Carbon-Arc Weathering Apparatus.

ASTM D1499-92a, Standard Practice for Operating Light- and Water-Exposure Apparatus (Carbon-Arc
Type) for Exposure of Plastics.

1ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/). This particular standard is also available from the Institute of Electrical and Elec-
tronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway, NJ 08855-1331, USA (http://www.standards.ieee.org/).

2ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

Copyright © 1999 IEEE. All rights reserved. 1
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ASTM D2556-93a, Standard Test Method for Apparent Viscosity of Adhesives Having Shear-Rate-Depen-
dent Flow Properties.

ASTM D3487-88 (1993), Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

ASTM G23-96, Standard Practice for Operating Light-Exposure Apparatus (Carbon-Arc Type) With and
Without Water for Exposure of Nonmetallic Materials.

ASTM G26-96, Standard Practice for Operating Light-Exposure Apparatus (Xenon-Arc Type) With and
Without Water for Exposure of Nonmetallic Materials.

ASTM G53-96, Standard Practice for Operating Light- and Water-Exposure Apparatus (Fluorescent UV-
Condensation Type) for Exposure of Nonmetallic Materials.

IEEE Std 4-1995, | EEE Standard Techniques for High-Voltage Testi ng.3

IEEE Std 386-1995, |EEE Standard for Separable Insulated Connector Systems for Power Distribution Sys-
tems Above 600 V.

IEEE Std 1313.1-1996, |IEEE Standard for Insulation Coordination—Definitions, Principles, and Rules
(Revision and redesignation of IEEE Std 1313-1993).

IEEE Std C37.09-1979 (Reaff 1988), IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis (ANSI/DoD).

IEEE Std C62.22-1997, |IEEE Guide for the Application of Metal-Oxide Surge Arresters for Alternating-
Current Systems.

NEMA LA 1-1992, SurgeArresters.4

NEMA 107-1987 (R1993), Methods of Measurement of Radio-Influence Voltage (RIV) of High Voltage
Apparatus.

3. Definitions

The following definitions apply to metal-oxide surge arresters. They do not necessarily cover other
applications.

3.1 arrester: See: surge arrester.

3.2 arrester, deadfront type: An arrester assembled in a shielded housing providing system insulation and
conductive ground shield, intended to be installed in an enclosure for the protection of underground and pad-
mounted distribution equipment and circuits.

3.3 arrester disconnector: A means for disconnecting an arrester in anticipation of, or after, a failure in
order to prevent a permanent fault on the circuit and to give indication of afailed arrester. Note: Clearing of
the fault current through the arrester during disconnection is generally done by the nearest source side over-
current-protective device.

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).

NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://www.global .ihs.con/).

2 Copyright © 1999 |IEEE. All rights reserved.
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3.4 arrester, distribution, heavy duty class: An arrester normally used to protect overhead distribution sys-
tems exposed to severe lightning currents.

3.5 arrester, distribution, light duty class: An arrester normally installed on and used to protect under-
ground distribution systems where the major portion of the lightning stroke current is discharged by an
arrester located at the overhead line/cable junction.

3.6 arrester, distribution, normal duty class. An arrester normally used to protect overhead distribution
systems exposed to normal lightning currents.

3.7 arrester, liquid-immer sed type: An arrester designed for useimmersed in an insulating liquid.

3.8 arrester, riser pole type: An arrester for pole mounting normally used to protect underground distribu-
tion cable and equipment.

3.9 arrester unit: Any section of amultiunit arrester.

3.10 basic lightning impulse insulation level (BIL): (A) The electrical strength of insulation expressed in
terms of the crest value of a standard lightning impulse under standard atmospheric conditions. BIL may be
expressed as either statistical or conventional (see IEEE Std 1313.1-1996). (B) A specific insulation level
expressed as the crest value of a standard lightning impulse (see ANSI C92.1-1982 and IEEE Std C62.22-
1991).

— BIL (conventional): Applicable specifically to non-self-restoring insulations. The crest value of a
standard lightning impulse for which the insulation does not exhibit disruptive discharge when sub-
jected to a specific number of applications of thisimpulse under specified conditions (see IEEE Std
C62.2-1987).

— BIL (statistical): Applicable specifically to self-restoring insulations. The crest value of a standard
lightning impulse for which the insulation exhibits a 90% probability of withstand (or a 10% proba-
bility of failure) under specified conditions (see |EEE Std C62.2-1987).

3.11 basic switching impulseinsulation level (BSL): (A) The electrical strength of insulation expressed in
terms of the crest value of a standard switching impulse. BSL may be expressed as either statistical or con-
ventional (see ANSI C92.2-1982 and IEEE Std C62.2-1987). (B) A specific insulation level expressed as the
crest value of a standard switching impulse (see ANSI C92.1-1982 and |IEEE Std C62.22-1991).

— BSL (conventional): Applicable specifically to non-self-restoring insulations. The crest value of a
standard switching impulse for which the insulation does not exhibit disruptive discharge when sub-
jected to a specific number of impulses under specified conditions (see |EEE Std C62.2-1987).

— BSL (statistical): Applicable specifically to self-restoring insulations. The crest value of a standard
switching impulse for which the insulation exhibits a 90% probability of withstand (or a 10% proba-
bility of failure) under specified conditions (see |EEE Std C62.2-1987).

3.12 certification tests: Testsrun on aregular, periodic basisto verify that selected key performance charac-
teristics of a product, or representative samples thereof, have remained within performance specifications.

3.13 classification of arresters. Arrester classification is determined by the prescribed test requirements of
this standard. These classifications are: station, intermediate, distribution heavy duty, distribution normal
duty, distribution light duty.

3.14 classifying current: The designated current used to perform the classification tests. Note: See Annex B
for asummary of test parameters by classification.

3.15 conformancetests: Tests made, when required, to demonstrate selected performance characteristics of
aproduct or representative samples thereof. Note: See Table 4, Table 5, and Table 6 in Clause 8.

Copyright © 1999 IEEE. All rights reserved. 3
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3.16 cracking: Rupture of the weathershed material to depths greater than 0.1 mm.

3.17 crest (peak) value (of a wave, surge, or impulse): The maximum value that a wave, surge, or impulse
attains.

3.18 current, normal lightning: Lightning currents of 65 kA or less.

3.19 current, severe lightning: Lightning currents greater than 65 kA, but not greater than 100 KA.

3.20 deflector: A means for directing the flow of gas discharge from the vent of the arrester.

3.21 design tests: Tests made on each design to establish the performance characteristics and to demonstrate
compliance with the appropriate standards of the industry. Once made they need not be repeated, unless the
design is changed so as to modify performance.

3.22 discharge counter: A means for recording the number of arrester discharge operations.

3.23 discharge current: The surge current that flows through an arrester.

3.24 discharge indicator: A means for indicating that the arrester has discharged.

3.25 discharge voltage: The voltage that appears across the terminals of an arrester during passage of dis-
charge current.

3.26 discharge voltage-current characteristic: The variation of the crest values of discharge voltage with
respect to discharge current. Note: This characteristic is normally shown as a graph based on three or more
current-surge measurements of the same wave shape, but of different crest values.

3.27 discharge withstand current: The specified magnitude and wave shape of a discharge current that can
be applied to an arrester a specified number of times without causing damage to it.

3.28 disruptive discharge: The sudden and large increase in current through an insulating medium, due to
the complete failure of the medium under electrostatic stress.

3.29 duty-cycle voltage rating: The designated maximum permissible voltage between its terminals at
which an arrester is designed to perform its duty cycle.

3.30 fault current: The current from the connected power system that flowsin a short circuit.
3.31 flashover: A disruptive discharge around or over the surface of asolid or liquid insulator.

3.32 front-of-wave impulse sparkover voltage: The impulse sparkover voltage with a wavefront that rises
at auniform rate and causes sparkover on the wavefront.

3.33 gapless: Not possessing gaps, series or parallel, asin “gapless arrester.”

3.34 grading or control ring: A metal part, usually circular or oval in shape, mounted to modify electrostat-
ically the voltage gradient or distribution.

3.35 ground terminal: The conducting part provided for connecting the arrester to ground.

3.36 impulse: A surge of unidirectional polarity.

4 Copyright © 1999 |IEEE. All rights reserved.
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3.37 impulse protective level: For a defined wave shape, the higher of the maximum sparkover value or the
corresponding discharge-voltage value.

3.38 impulse protective volt-time characteristic: The discharge-voltage-time response of the device to
impulses of a designated wave shape and polarity, but of varying magnitudes.

3.39 impulse sparkover voltage: The highest value of voltage attained by an impulse of a designated wave
shape and polarity applied across the terminals of an arrester that will cause gap sparkover prior to the flow
of discharge current.

3.40 impulse sparkover volt-time characteristic: The gap sparkover response of the device to impulses of
a designated wave shape and polarity, but of varying magnitudes. Note: For an arrester, this characteristic is
shown by a graph of crest voltage values plotted against time-to-sparkover.

3.41 impulse withstand voltage: The crest value of an impulse that, under specified conditions, can be
applied without causing adisruptive discharge.

3.42 indoor arrester: An arrester that, because of its construction, must be protected from the weather.

3.43 ionization current: The electric current resulting from the movement of electric chargesin an ionized
medium, under the influence of an applied electric field.

3.44 ionization voltage: A high-frequency voltage appearing at the terminals of an arrester, generated by all
sources, but particularly by ionization current within the arrester, when a power-frequency voltage is applied
across the terminals.

3.45 lightning: An electric discharge that occurs in the atmosphere between clouds or between clouds and
ground.

3.46 lightning surge: A transient electric disturbance in an electric circuit caused by lightning.

3.47 line terminal: The conducting part of the arrestor provided for connecting the arrester to the circuit
conductor. Note: When aline terminal is not supplied as an integral part of the arrester, and the seriesgap is
obtained by providing a specified air clearance between the line end of the arrester and a conductor, or arcing
electrode, etc., the words “line terminal” used in the definition refer to the conducting part that is at line
potential and that is used as the line electrode of the series gap.

3.48 maximum continuous operating voltage (MCQOV): The maximum designated root-mean-square
(rms) value of power-frequency voltage that may be applied continuously between the terminals of the
arrester.

3.49 maximum design cantilever load-static (MDCL-static): The maximum cantilever load the surge
arrester is designed to continuously carry.

3.50 maximum system voltage: The highest voltage at which a system is operated. Note: This is generally
considered to be the maximum system voltage as prescribed in ANSI C84.1-1995.

3.51 metal-oxide surge arrester (MOSA): A surge arrester utilizing valve elements fabricated from non-
linear resistance metal-oxide materials.

3.52 nominal rate of rise (of an impulse): For awavefront, the slope of the line that determines the virtual
zero. It isusualy expressed in volts or amperes per microsecond.
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3.53 nominal system voltage: A nominal value assigned to designate a system of a given voltage class.
Note: See ANSI C84.1-1995.

3.54 operating duty cycle: One or more unit operations, as specified.
3.55 oscillatory surge: A surge that includes both positive and negative polarity values.
3.56 outdoor arrester: An arrester that is designed for outdoor use.

3.57 power-frequency sparkover voltage: The rms value of the lowest power-frequency sinusoidal voltage
that will cause sparkover when applied across the terminals of an arrester.

3.58 power-frequency withstand voltage: A specified rms test voltage at power frequency that will not
cause a disruptive discharge.

3.59 production tests: See: routinetests.

3.60 prorated section: A complete, suitably housed part of an arrester, comprising all necessary compo-
nents, including gaseous medium, in such a proportion as to accurately represent, for a particular test, the
characteristics of acomplete arrester.

3.61 puncture: (A) A disruptive discharge through the body of a solid dielectric. (B) A disruptive discharge
through solid insulation. (C) Term used to denote when a disruptive discharge occurs through a solid dielec-
tric and produces permanent loss of dielectric strength; in aliquid or gaseous dielectric, the loss may be only
temporary.

3.62 radio-influence voltage (RIV): A high-frequency voltage, generated by all sources of ionization cur-
rent, that appears at the terminals of electric-power apparatus or on power circuits.

3.63 rating: The designation of an operating limit for a device.

3.64 reference current (Iref): The peak value of the resistive component of a power-frequency current high
enough to make the effects of stray capacitance of the arrester negligible. This current level shall be specified
by the manufacturer. Note: Depending on the arrester design, the Iref will typically be in the range of
0.05-1.0 mA per sg cm of disk area.

3.65 reference voltage (Vref): The lowest peak value independent of polarity of power-frequency voltage,
divided by the sguare root of 2, required to produce a resistive component of current equal to the reference
current of the arrester or arrester element. The reference voltage of a multiunit arrester is the sum of the ref-
erence voltages of the series units. The voltage level shall be specified by the manufacturer.

3.66 routine tests: Tests made by the manufacturer on every device or representative samples, or on parts or
materias, as required, to verify that the product meets the design specifications.

3.67 series gap: An intentional gap(s) between spaced electrodes in series with the valve elements across
which all or part of the impressed arrester terminal voltage appears.

3.68 shunt gap: An intentional gap(s) between spaced electrodes that is electrically in parallel with one or
more valve elements.

3.69 sparkover: A disruptive discharge between electrodes of a measuring gap, voltage-control gap, or gap-
type protective device.
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3.70 surge: A transient wave of current, potential, or power in an electric circuit. Note: The use of thisterm
to describe a momentary overvoltage consisting of a mere increase of the main voltage for several cyclesis
deprecated.

3.7l surgearrester: A protective device for limiting surge voltages on equipment by diverting surge current
and returning the device to its original status. It is capable of repeating these functions as specified. Note:
Theterm “arrester” as used in this standard shall be understood to mean surge arrester.

3.72 system voltage: The rms power-frequency voltage from line-to-line, as distinguished from the voltage
from line-to-neutral.

3.73 terminals. The conducting parts provided for connecting the arrester across the insulation to be pro-
tected.

3.74 time-to-impulse sparkover: The time between virtual zero of the voltage impulse causing sparkover
and the point on the voltage wave at which sparkover occurs.

3.75 tracking: Irreversible degradation of surface material from the formation of conductive carbonized
paths.

3.76 ultimate mechanical strength-static (UM S-static): The load at which any part of the surge arrester
failsto perform its mechanical function.

3.77 unit operation: A discharge of a surge through an arrester while the arrester is energized.
3.78 valve arrester: An arrester that includes one or more valve elements.

3.79 valve element: A resistor that because of its nonlinear current-voltage characteristic, limits the voltage
across the arrester terminals during the flow of discharge current and contributes to the limitation of follow
current at normal power-frequency voltage.

3.80 vent: Anintentional opening for the escape of gases to the outside.

3.81 virtual duration of wavefront (of an impulse): The virtual value for the duration of the wavefront is
asfollows: (1) For voltage waves with wavefront duration less than 30 s, either full or chopped on the front,
crest, or tail, 1.67 times the time for the voltage to increase from 30-90% of its crest value; (2) For voltage
waves with wavefront duration of 30 us or more, the time taken by the voltage to increase from actual zero to
maximum crest value; (3) For current waves, 1.25 times the time for the current to increase from 10% to
90% of crest value.

3.82 virtual zero point (of an impulse): The intersection with the time axis of a straight line drawn through
points on the front of the current wave at 10% and 90% crest value, or through points on the front of the volt-
age wave at 30% and 90% crest value.

3.83 wave: The variation with time of current, potential, or power at any point in an electric circuit.

3.84 wavefront (of a surge or impulse): The part that occurs prior to the crest value.

3.85 wave shape (of an impulse test wave): The graph of the wave as afunction of time.

3.86 wave shape designation (of an impulse): (A) The wave shape of an impulse (other than rectangular)
of a current or voltage is designated by a combination of two numbers. The first, an index of the wavefront,

isthe virtual duration of the wavefront in microseconds. The second, an index of the wavetail, isthetimein
microseconds from virtual zero to the instant at which one-half of the crest value is reached on the wave tail.
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Examples are 1.2/50 and 8/20 waves. (B) The wave shape of a rectangular impulse of current or voltage is
designated by two numbers. The first designates the minimum value of current or voltage that is sustained
for the time in microseconds designated by the second number. An example isthe 75 A 1000 us wave.

3.87 wavetail (of an impulse): The part between the crest value and the end of the impulse.

3.88 withstand voltage: The voltage that an insulation is capable of withstanding. In terms of insulation,
this is expressed as either conventional withstand voltage or statistical withstand voltage (see IEEE Std
1313.1-1996).

4., Service conditions

An arrester conforming to this standard shall be capable of successful operation under the following service
conditions.

4.1 Usual service conditions
4.1.1 Physical conditions

a)  Ambient air temperature in the general vicinity of the arrester shall be between —40 °C and +40 °C®,

except that

1) Ambient air temperature in the genera vicinity of deadfront arresters shall be between —40 °C
and +65 °C;

2) Ambient liquid temperature in the genera vicinity of liquid-immersed arresters shall be
between —40 °C and +95 °C.

b) Maximum temperature of the arrester, due to external heat sources in the general vicinity of the
arrester, shall not exceed 60 °C, except that

1) Maximum temperature of deadfront arresters shall not exceed 85 °C;
2) Maximum temperature of liquid-immersed arresters shall not exceed 120 °C.

c) Altitude shall not exceed 1800 m (6000 ft), except for liquid-immersed arresters.
4.1.2 System conditions
a) Nominal power system frequency of 48-62 Hz;

b) System lineto-ground voltage within the ratings of the arrester under al system operating
conditions.

4.2 Unusual service conditions

Exposure to any of the service conditions described in 4.2.1 and 4.2.2 may require special consideration in
the design or application of arresters.

4.2.1 Physical conditions

a) Ambient temperaturesin the general vicinity of the arrester exceeding the values givenin 4.1.1.
b) Maximum arrester temperatures exceeding the values given in 4.1.1.

SThis operating temperature is suitable for arresters not mounted in proximity to external heat sources causing a continuous ambient
temperature in the vicinity of the arrester in excess of 40 °C.
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c) Altitude exceeding 1800 m (6000 ft). Arresters for service at higher altitudes shall be suitable for
operation at either of the following altitude ranges:

1) 1801-3600 m (600112 000 ft);
2) 3601-5400 m (12 001-18 00O ft).
d) Exposureto
1) Damaging fumes or vapors;
2) Excessivedirt, salt spray, or other current-conducting deposits;
3) Steam;
4) Explosive atmospheres, abnormal vibrations, or shocks.

e) Limitation on clearances to nearby conducting objects, particularly at atitudes exceeding 1800 m
(6000 ft).

f)  Unusua transportation or storage.
4.2.2 System conditions

a) Nomina power frequency other than 48-62 Hz.

b)  System operating conditions whereby the ratings of the arrester may be temporarily exceeded. Some
examples are

1) Lossof neutral ground on normally grounded circuit;

2) Generator overspeed;

3) Resonance during faults upon loss of major generation;

4) System instability;

5) Persistent single line-to-ground fault on ungrounded three-phase systems.
c) Any other unusual conditions known to the user.

5. Standard voltage ratings: duty-cycle voltage and maximum continuous
operating voltage (MCQV)

The standard root-mean-square (rms) duty-cycle voltage ratings and the corresponding rms MCOV rating
areidentified in Table 1.
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Table 1—Arrester ratings?

Duty-cycle MCOV Duty-cycle MCOV
voltage (KV rms) (kV rms) voltage (kV rms) (KV rms)

3 2.55 144 115

6 51 168 131

9 7.65 172 140
10 8.4 180 144
12 10.2 192 152
15 12.7 228 180
18 15.3 240 190
21 17 258 209
24 195 264 212
27 22 276 220
30 244 288 230
36 29 294 235
39 315 312 245
45 36.5 396 318
48 39 420 335
54 42 444 353
60 48 468 372
72 57 492 392
90 70 540 428
96 76 564 448
108 84 576 462
120 98 588 470
132 106 612 485

8For ratings not shown, consult with the manufacturer.

6. Performance characteristics and tests

Each class and type of arrester shall be subjected to a series of design tests aslisted in Table 2. Clause 7 con-
tains general requirements for selection of test specimens and for measurement practices. Clause 8 contains
the specific requirements for each design test. Design test parameters are summarized for convenient refer-
ence in Table B.1 of Annex B.

Requirements for conformance tests, certification tests, and routine tests are contained in Clauses 9, 12, and
13, respectively.
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Table 2—Arrester design tests

. . Inter- Heavy Normal Light

Design test Reference | Station mediate duty duty duty
Arrester insulation withstand tests 8.1 X X X X X
Power-frequency sparkover tests 8.2 X X X X X
Discharge-voltage characteristics 8.3 X X X X X
Impulse protective level voltage- 84 X X X X X
time characteristic
Accelerated aging procedure 85 X X X X X
Accelerated aging tests of external 8.6 X X X
polymeric insulating systems
Contamination test 8.7 X X X X X
Distribution class surge arrester 8.8 X
seal integrity design test
1V and RIV tests 8.9 X X X X X
Discharge-current withstand tests 8.10 X X X X X
Duty-cycle tests 8.11 X X X X X
TOV tests 8.12 X X X X X
Pressure-relief tests for station and 8.13 X X
intermediate arresters
Short-circuit test for porcelain- 8.14 X X X
housed distribution surge arresters
Short-circuit test for polymer- 8.15 X X X
housed distribution arresters
Failure mode test for liquid- 8.16 X X X
immersed arresters
Deadfront arrester failure mode 8.17
Distribution arrester disconnector 8.18 X X X
tests
MDCL-static test 8.19 X X

7.Test procedure

7.1 Complete arrester test specimens

a) New and clean arresters shall be used for each test unless otherwise specified.

b) All test specimensfor arrester designs incorporating a disconnector, either as an integral part or asan
accessory, shall include the disconnector.

¢) Thearrester shall be mounted in the position(s) in which it is designed to be used.
d) Thearrester mounting bracket, if used, shall be connected to the ground terminal.
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e) Thegrading or coronaring, if used, shall be included in design tests influenced by stray capacitance
effects.

f)  Deadfront arresters shall be properly assembled with actual or simulated components. All parts that
are normally grounded shall be connected to the ground of the test circuit.

7.2 Prorated arrester test section
Several design tests permit the use of scaled representations of a complete arrester. These prorated sections
must be constructed so that they accurately represent the electrical and thermal characteristics of the repre-
sented arrester for the test being performed. The parameters of the prorated section depend on the particular
design test being performed.
7.2.1 Prorating for discharge-voltage tests
Tests may be made on open air samples consisting of valve elements only. The diameter of the valve ele-
ments used in the prorated section shall be the same as the diameter of the valve elements used in the arrester
being modeled. The maximum discharge voltage of the complete arrester for a given discharge current is
given by

Vymx = discharge voltage measured on the prorated section at the given current x Kg D
where K is the prorated section scale factor given by

Ks = Vpa/Vps @

and where

Vpa is the maximum discharge voltage of the arrester at classifying current;
Vpsis the discharge voltage measured on the prorated section at classifying current.

7.2.2 Prorating for design tests involving demonstration of thermal recovery

Design tests that involve application of power-frequency voltage and demonstration of thermal recovery
[namely, temporary overvoltage (TOV), discharge current withstand, and duty cycle], must be performed on
amodel that properly represents the thermal characteristics of the complete arrester and its environment. The
diameter of the valve elements used in the prorated section shall be the same as the diameter of the valve ele-
ments used in the arrester being model ed.

The prorated section must contain all organic components that are contained in the complete arrester, and in
the same nominal quantity per unit length. The prorated section does not have to be a slice out of the com-
plete arrester, and it does not have to contain the inorganic components (e.g., porcelain) used in the arrester.

The specific construction of the housed model depends on the arrester type (see 7.2.2.1 and 7.2.2.2).

The duty-cycle voltage rating (Vg) and maximum continuous operating voltage (V) of the prorated section
are given by

Vr

arrester duty cycle voltage rating/ K , (©)]

Ve

arrester MCOV /K, 4
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where

Kp isthe prorated section scale factor.

The prorated section scale factor shall be determined on the basis of reference voltage scaling or metal-oxide
volume scaling, whichever results in the most conservative modeling. That is, K, shall be the lower of K, or
K-

where
Ky = Vgra/ Vgs (reference voltage scaling factor) (5)
Km = M,/ Mg (metal-oxide volume scaling factor) (6)
and where

VRa is the minimum reference voltage of the arrester (specified by the manufacturer);

VRsis the voltage measured on the prorated section at reference current;

My is the minimum metal-oxide volume in the complete arrester (specified by the manufacturer);
Mg is the metal-oxide volume in the prorated section.

In addition, the valve elements used for the prorated section shall have a power-frequency watts loss equal to
the maximum allowed by the manufacturer in the arrester being modeled. In the event that maximum watts-
loss valve elements are not available, prorated sections may be constructed with lower watts-loss valve ele-
ments, provided that the voltage applied during the thermal recovery portion of the test is adjusted as
follows:

Recovery voltage = V. x K,y x ke (7
where

Kw = Vi’V 8
and where

Vi 1S the voltage required to increase watts loss to the maximum allowed level, at the temperature at

which watts lossis usually measured;
Vi is the voltage at which watts loss is normally measured;

kc isthe accelerated aging factor determined by the procedurein 8.5.2.
7.2.2.1 Outdoor arresters
Test models shall be constructed as follows:
@ Housing length shall be great enough to enclose the prorated interna element(s), but shall not be
more than 50% longer than the internal element(s). Housing length in excess of 10% longer than the
internal element(s) shall be insulated both internally and externally with at least 5 cm of uncom-

pressed glass wool insulation or the equivalent. The total mass of the housing in the model shall not
exceed 110% of the mass of the housing in the section of the arrester being model ed.
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b) Both ends of the housing shall be closed using at least 5 cm of uncompressed glass wool insulation
or the equivalent, and the insulation shall be arranged to cover the ends of the housing. The thermal
resistivity constant (R-value) of the insulation shall be 5 or greater.

¢) Maximum conductor size for electrical connections within the sample shall be AWG # 12.
7.2.2.2 Liguid-immersed arresters

A requirement for liquid-immersed arresters has not yet been established. The manufacturer shall describe
the thermal prorating procedure used. The thermal model should take into account the thermal effects of the
liquid and other major components that may be contained in the tank or vessel in which the arrester will be
installed in the field.

7.2.2.3 Test to verify thermal equivalency between the complete arrester and a thermally
prorated arrester section

If, for any test requiring demonstration of thermal recovery, a complete arrester cannot be tested, then ather-
mally prorated section shall be verified per this procedure. Once the prorated section has been verified for a
given arrester type and design, the verification need not be repeated for future use of prorated sections of
identical construction.

This procedure evaluates the validity of athermally prorated section by heating it and a complete arrester to
the same temperature, via internal watts loss, then monitoring and comparing the cooling rates of the two
devices with the voltage switched off.

7.2.2.3.1 Ambient conditions

The complete arrester of the unit containing the most valve elements per unit length of a multiunit arrester,
and the prorated section, are placed in still air having an ambient temperature of 20 °C (+20 °C, -10 °C). The
ambient temperature shall be the same +3 °C for the duration of each test.

7.2.2.3.2 Cooling rate monitoring methods

To determine the cooling rates of the arrester and of the prorated section, thermocouples or other type sen-
sors may be attached to the blocks, or watts loss or resistive component of current may be monitored. If
waitts loss or resistive component of current is used, the complete arrester and the prorated section shall be
made using valve elements from the same lot.

If temperature sensors are used, they may be placed at a number of points and an average temperature calcu-
lated, or the temperature at any point located 1/3-1/2 of the arrester length from the top may be used. (Using
the single point 1/3-1/2 length from the top gives a conservative result.)

7.2.2.3.3 Heating the valve elements

Vave elements in the complete arrester and in the prorated section shall be heated to a temperature of
120 + 10 °C, within 1-120 min, by application of power-frequency voltage with an amplitude above refer-
ence voltage. The temperature attained by the valve elements in the complete arrester and in the prorated
section shall be equivalent within 3 °C. When this temperature is reached, the voltage source shall be
disconnected.

The heating time for the complete arrester and the prorated section shall be the same within £5%. (A shorter
heating time is more representative of most field circumstances, but alonger heating time is conservative.)
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7.2.2.3.4 Determination of cooling rate curve

Within 1 min after disconnecting the heating (voltage) source, begin monitoring the cooling rate using any of
the methods in 7.2.2.3.2 at intervals not exceeding 5 min. Continue monitoring for a period of not less
than 2 h.

If watts loss or resistive component of current is used, MCOV shall be applied in a periodic manner for a
time not exceeding 30 s to determine the measured quantity. Voltage on time should be kept as short as pos-
sible to most closely duplicate the result which would be obtained with thermocouples. In order to give a
conservative result, voltage on time for the prorated section shall not exceed voltage on time for the com-
plete arrester.

Draw a smooth curve through the temperature, watts loss, or resistive component of current vs. time mea-
sured points.

7.2.2.3.5 Evaluation

After the complete arrester and the prorated section cooling rate curves have been determined, the two
curves shall be compared.

Thermal equivalency of the prorated section is verified provided that for al instants during the cooling
period, the monitored quantity (temperature, watts loss, or resistive component of current) for the prorated
section is equal to or higher than that for the complete arrester. If, at any instant, the section is not equal to or
higher than that for the complete arrester, the section is not avalid proration.

If watts lossis used, time zero power shall be set equal to 1 pu for the arrester and 1 pu for the prorated sec-
tion in order to superimpose the two curves’ starting points.

7.3 Test measurements
M easurement practices shall be in accordance with the following:

a) The specifications for the individual tests, as given in this standard;
b)  The specifications for dielectric tests, as given in |EEE Std 4-19955

7.4 Impulse test-wave tolerances

For all test waves in these standards, specifications per Table 3 shall apply unless otherwise specified.

Table 3—Impulse wave shapes

Measured quantity | 1.2/50 waves expoﬁcleln(t)itgle\:vaves
Crest value +3% +10%
Front time +30% +10%
Time-to-half value +20% +10%
Nominal rate of rise — +10%
of wavefront

81 nformation on references can be found in Clause 2.
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7.5 Power-frequency test voltages

The power-frequency test voltages shall have a crest value equal t0./2 times the specified rms voltage and
shall have an approximately sinusoidal shape.

8. Design tests

8.1 Arrester insulation withstand tests

Test procedures shall comply with Clause 7. The assembled insulating members of the arrester or single unit
shall withstand impulse and power-frequency voltage tests between line and ground terminals. The internal
parts shall be removed or rendered inoperative to permit these tests.

Any external series-gap electrodes shall be removed where the gap shunts an insulating member.
8.1.1 Distribution arresters

Insulation withstand test values for arresters used in open air shall be in accordance with Table 4. Addition-
ally, all distribution arresters shall have a 60 Hz, 10 s wet withstand from ground termina to grounded
bracket of 1.5 x MCOV. Polymeric brackets shall be grounded at the bracket mounting attachment point (see
Terminal 3in Figure 1).

Insulation withstand test values for liquid-immersed arresters shall be in accordance with Table 4 and shall
be measured in mineral insulating oil, meeting ASTM D3487-88 (1993), at room temperature.

Insulation withstand test values for deadfront arresters shall be in accordance with Table 5. The corona volt-
age-level test, ac withstand test, direct-current withstand voltage test, and impulse withstand voltage test
shall comply with |EEE Std 386-1995.

8.1.2 Intermediate and station arresters less than 54 kV duty-cycle voltage rating
Insulation withstand test values shall be in accordance with Table 4.
8.1.3 Intermediate and station arresters equal to and above 54 kV duty-cycle voltage rating

a) The 1.2/50 impulse withstand test voltage shall be the higher of the maximum 1.2/50 impul se spark-
over voltage multiplied by the factor 1.42, or the maximum discharge voltage for a 20 000 A dis-
charge current multiplied by the factor 1.42. The impulse factor includes an allowance for a 20%
protective margin and an 18% correction for 1800 m (6000 ft) altitude.

b) The 10 s wet power-frequency withstand test voltage in rms volts shall be the higher of the maxi-
mum switching impulse sparkover multiplied by the factor 0.82, or the maximum switching impulse
discharge voltage multiplied by the factor 0.82. The switching surge factor includes an allowance for
a 15% protective margin, an 18% correction for 1800 m (6000 ft) altitude, a 0.85 multiplier relating
wet switching-surge withstand to wet crest 60 Hz withstand, and a 1/./2 multiplier to convert from
crest torms.
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Table 4—Insulation withstand test voltage

IEEE
Std C62.11-1999

Station and inter mediate arresters Distribution arresters
rmsduty-
cyclevoltage Impulse 60 Hz rmstest voltage Impulse 60Hzrms
rating of test 1.2/50 (kV) test 1.2/50 test voltage (kV)
arrester full wave full wave
(kV)? (kV)crest® | 1mindry | 10swet | (kV)crest? | 1mindry | 10swet

(BIL) test test® (BIL) test test®

1 — — — 30 10 6

3 60 21 20 45 15 13

6 75 27 24 60 21 20

9 95 35 30 75 27 24
10 110 50 45 75 27 24
12 110 50 45 85 31 27
15 110 50 45 95 35 36
18 150 70 60 125 42 36
21 150 70 60 125 a2 36
24 150 70 60 125 42 36
27 200 95 80 150 70 60
30 200 95 80 150 70 60
36 200 95 80 — — —
39 250 120 100 — — —
48 250 120 100 — — —

3For arrestersrated at values other than those listed in the first column, the insul ation tests shall be those
specified for the next higher rating.

bThe values given apply for either positive or negative waves.

CFor outdoor arresters only.

Table 5—Insulation withstand test voltages for deadfront arresters

Corona 60 Hz
System class Irggl;lusl? \tNe:vééZ/ 60 Hzt(e;s\t/\)/oltage test voltage (kV) dc test voltage
rating (kV) (kV) crest (BIL) 1min rms ?gller;ctlon (kV) 15 min
15 95 34 11 53
25 125 40 19 78
35 150 50 26 103

aThe values given apply for either positive or negative waves.

8.2 Power-frequency sparkover test

Test procedures shall comply with Clause 7. This test is applicable only to arrester designs that undergo a
sparkover mode in response to a grading current less than 1.0 A. Power-frequency sparkover shall be mea-
sured on arepresentative number of voltage ratings of each significant variation in the design of the arrester.
Ratings within £20% of the tested rating (or £ 3 kV, whichever is larger) need not be tested. Indoor types
shall be tested dry, and outdoor types shall be tested dry and wet.

Copyright © 1999 IEEE. All rights reserved.

17



IEEE
Std C62.11-1999 IEEE STANDARD FOR METAL-OXIDE SURGE ARRESTERS

8.3 Discharge-voltage characteristics

Test procedures shall comply with Clause 7. Obtain discharge-voltage characteristics on each arrester design
for one voltage rating or prorated section. The prorated sample shall include the effects of internal lead
(spacer) lengths and current-carrying elements. A sufficient number of tests shall be made to obtain a repre-
sentative value of voltage for each value of current and time to crest specified using the polarity that gives
the higher voltage.

8.3.1 Discharge-voltage current characteristics

Measure peak voltage using currents of 1500 A, 3000 A, 5000 A, 10 000 A, and 20 000 A crest with an 8/20
wave shape. For arrester ratings having classifying currents listed in Table 6, which are not included in the
above listing, measure discharge voltage at the classifying current in addition to the listed values
(for example, 15 000 A for 550 kV system arresters). The manufacturers’ published information shall state
for each arrester rating the maximum discharge voltage for each discharge current listed.

Table 6—Lightning impulse classifying current

Classification of arrester | Impulsevaluecrest (kA)
Station (800 kV)@ 20
Station (550 kV)2 15
Station (below 550 k)2 10
Intermediate 5
Distribution, heavy duty 10
Distribution, normal duty 5
Distribution, light duty 5

&M aximum system voltage.

8.3.1.1 Arresters with shunt gaps

For arresters with shunt gaps

a)  Apply 8/20 current waves and determine the maximum current at which shunt gap sparkover is not
obtained.

b)  With the shunt gap(s) disconnected, measure the discharge voltage at the maximum current deter-
mined in item (a).

¢) Thedischarge voltage of the arrester or prorated section at a discharge current shall be the higher of
the voltage measured in item (b) or the voltage measured in 8.3.1 at that discharge current.

8.3.2 Discharge-voltage-time characteristics

Obtain discharge-voltage-time characteristics for the front-of-wave and switching impul se protective levels.
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8.3.2.1 Lightning impulse classifying current

Obtain the discharge-voltage-time characteristic at the lightning impulse classifying current value (see
Table 6) with time-to-crest times of approximately 1 ps, 2 ps, and 8 ps.

Construct a smooth curve through the test points of crest voltage (actual) and corresponding time to crest of
the voltage wave plotted on linear voltage/log time paper. The front-of-wave protective level of the test
arrester is the voltage determined by the line’'s value at 0.5 s or the front-of-wave sparkover, whichever is
higher.

For arresters with shunt gaps

a Apply /2 (1 by 2 ps) current waves, and determine the maximum current at which shunt gap spark-
over is not obtained.

b)  With the shunt gap(s) disconnected, measure the discharge voltage at the maximum current deter-
mined in item (a).

¢) Thedischarge voltage of the arrester or prorated section at a discharge current shall be the higher of
the voltage measured in item (b) or the voltage measured in 8.3.2.1 at that discharge current.

8.3.2.2 Switching surge classifying current

Obtain the discharge-voltage-time characteristic at the switching surge classifying current shown in Table 7
with atime to actua crest of 45-60 pis.

For arresters with shunt gaps

a)  Apply switching surge current waves with atimeto actual crest of 45-60 ps, and determine the max-
imum current at which shunt gap sparkover is not obtained.

b)  With the shunt gap or gaps disconnected, measure the discharge voltage at the maximum current
determined in item (a).

¢) Thedischarge voltage of the arrester or prorated section at a discharge current shall be the higher of
the voltage measured in item (b) or the voltage measured in 8.3.2.2 at that discharge current.

Table 7—Switching surge classifying current

r?aiﬁr:u\rlslzl?%? Station class (A) Intermediate class (A)
3-150 500 500
151-325 1000 _
326-900 2000 _

8.4 Impulse protective level voltage-time characteristic
Refer to 8.4.1 through 8.4.4 to determine whether the protective level provided by a gapped arrester for a

specified wave shape is a function of the arrester's maximum sparkover value or its corresponding arrester
discharge voltage for the specified wave shape.
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Test procedures and test wave tolerances shall comply with Clause 7, unless otherwise specified. Thistest is
applicable only to arrester designs that undergo a sparkover mode. Tests shall be made on arresters of each
significant variation in design. Ratings within £20% of the tested rating (or £3 kV, whichever islarger) need
not be tested.

8.4.1 General test procedure for determining arrester protective level
The general test procedure shall be as follows:
a)  Apply prospective impulse voltage waves, measure the resulting peak arrester voltages, and compare

these voltages with the appropriate discharge-voltage level.

b) Where the maximum arrester voltage resulting from application of these prospective voltage
impulses is less than the arrester discharge-voltage level, then the protective level for that wave
shape is the arrester discharge-voltage level. Sparkover tests are not required for the wave shape of
overvoltage being simulated.

c) Otherwise, sparkover tests shall be made and the protective level for that wave shape is the maxi-
mum sparkover value. Impulse protective levels shall be established for front-of-wave (see 8.4.2),
1.2/50 impulse (see 8.4.3), and switching surge (see 8.4.4) wave shapes.

8.4.2 Front-of-wave impulse protective level

This test determines whether the arrester sparkover for a front-of-wave lightning impulse can exceed its
0.5 ps discharge voltage at the classifying current listed in Table 6.

8.4.2.1 Front-of-wave impulse sparkover determination test
Thistest is performed using both positive and negative polarity impulses. The prospective magnitude of the
test wave shall be a minimum of 1.2 times the arrester’s discharge voltage at a classifying current (see

Table 6), resulting in a voltage wave cresting in 0.5 ps. At least five discharges will be measured for each
polarity. The nominal rate of rise of the test wavefront is specified in Table 8.

Table 8—Fast front impulse rate of rise

rms duty-cycle voltage rating

of arrester (KV) Nominal rateof rise

Lessthan 3 10 kV/ps

3-240 100 kV/ps for each 12 kV of
arrester duty-cyclerating

Above 240 2000 kV/ps

The maximum arrester voltage recorded during five positive and five negative polarity impulses shall be
compared to the classifying current discharge voltage cresting in 0.5 us. If the classifying current discharge
voltage exceeds the voltage values measured during the impulse test described above, then the classifying
current discharge voltage is the front-of-wave impulse protective level and no further testing is required on
this wave shape. If the voltage measured during the impulse test exceeds the 0.5 s classifying current dis-
charge voltage, proceed to 8.4.2.2 to determine the front-of-wave impul se protective level.
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8.4.2.2 Front-of-wave impulse sparkover tests

Thistest shall be made using both positive and negative polarity impulses. The prospective crest value of the
test wave shall be high enough that the sparkover of the arrester occurs before 90% of the crest value of the
test wave is reached. At least five sparkovers shall be recorded for each polarity, and the highest crest value
so recorded shall be reported as the maximum front-of -wave sparkover value of the test arrester. The nomi-
nal rate of rise of the test wavefront shall be the same as described in 8.4.2.1.

8.4.3The 1.2/50 impulse protective level test

Thistest series determines whether the arrester sparkover voltage for astandard 1.2/50 lightning impul se can
exceed the discharge voltage obtained from an 8/20 discharge current, as given in Table 6.

8.4.3.1The 1.2/50 impulse sparkover determination test

Thistest is performed using at least five positive and five negative waves. A minimum prospective magnitude
of 1.2 times the arrester’s discharge voltage at a classifying current (per Table 6) shall be used. The maxi-
mum arrester voltage recorded during the five positive and five negative polarity standard lightning impulses
shall be compared to the discharge voltage obtained with the currents in Table 6. If the classifying current
discharge voltage exceeds the voltage values measured during the impul se test described earlier, the classify-
ing current discharge voltage is the 1.2/50 impul se protective level, and no further testing is required on this
wave shape. If the voltage measured during the impulse test exceeds the classifying current discharge volt-
age, proceed to 8.4.3.2 to determine the 1.2/50 impul se protective level.

8.4.3.2The 1.2/50 impulse sparkover test

The purpose of thistest isto determine the highest standard lightning impul se voltage greater than 3 ps dura-
tion that the arrester will allow without sparkover.

For each polarity, the test procedure shall be as follows:

a) Determine the base generator charge voltage, Vg, according to the method described in the follow-
ing note and record crest voltage and time-to-sparkover (where sparkover occurs) for each of the 20
impulses used for establishing V.

NOTE—The procedure for establishing Vg is as follows. Start by applying an impulse having a prospective
crest voltage somewhat lower than the expected sparkover voltage of the arrester, raising the generator charge
voltage in approximately 5% steps for subsequent impulses until sparkover occurs. Then apply a series of 20
impulses, decreasing the prospective crest voltage by about 5% after every sparkover and increasing the pro-
spective crest voltage by about 5% after every withstand. Vg is the average generator charge voltage used dur-
ing the series of 20 impulses.

b) Apply fiveimpulses using a generator charge voltage not more than 1.05 V; then record crest volt-
age and time-to-sparkover. If sparkover does not occur within 3.0 ps after the virtual zero point on
each of the five impulses, raise the generator charge voltage in additional increments not greater than
0.05 Vg until alevel isreached that results in sparkover within 3.0 ps after the virtual zero point on
each of the five applications. The higher prospective crest voltage of either polarity required to
obtain five sparkovers on five successive applications of test impulses, with constant generator
charge voltage, shall be reported as the 1.2/50 sparkover of the arrester.

8.4.4 Slow-front (switching surge) impulse protective level test

This test series determines whether the arrester sparkover for a slow-front impulse voltage can exceed the
switching surge discharge voltage at the classifying current in Table 7.
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8.4.4.1 Slow-front (switching surge) sparkover determination test

The magnitude and wave shape of the switching surge discharge-voltage wave for each wave shape shall be
aminimum of 1.2 times the arrester discharge voltage corresponding to the switching surge classifying cur-
rent specified in Table 7. The test consists of at least five positive and five negative wave applications for
each of the following times from zero to crest on the prospective voltage wave (in ps):

a 30-60;
b)  50-300;
¢)  1000-2000.

The times to half-crest on the tail should be appreciably longer than twice the time to crest. The exact value
isnot of critical importance.

The maximum arrester voltage recorded during the five positive and five negative polarity impulses for each
switching surge wave shape shall be compared to the corresponding discharge voltage. If the switching surge
classifying current discharge voltage (see 8.3.2.2) exceeds the voltage values measured during each of the
specified switching surge wave shape impulse tests described earlier, then the switching surge classifying
current discharge voltage is the slow-front (switching surge) impulse protective level, and no further
switching surge testing is required. If the voltage measured during any of the switching surge impulse tests
exceeds the switching surge classifying current discharge voltage, proceed to 8.4.4.2 and perform sparkover
tests on only the wave shape(s) that demonstrated high switching surge impulse test voltages.

8.4.4.2 Slow-front (switching surge) impulse sparkover voltage-time characteristics

Sparkover tests shall be made using the following test waves (but not necessarily in the order given) having
times from zero to crest (in ps) of:

a 30-60;
b)  150-300;
¢)  1000-2000.

The times to half-crest values on the tail should be appreciably longer than twice the time to crest, but the
exact valueis not of critical importance.

For each polarity, the wave shape shall be checked with the arrester in the test circuit at a test voltage that
does not cause arrester sparkover in at least one of fivetrials.

For each wave shape and polarity, the test procedure shall be asfollows:;

a) Determine the base generator charge voltage, Vg, according to the method described in 8.4.3.2,
recording crest voltage and time-to-sparkover (where sparkover occurs) for each of the 20 impulses
used for establishing V.

b) Apply 10 impulses using a generator charge voltage of 1.2 times Vg and record crest voltage and
time-to-sparkover.

c) Apply 10 impulses using a generator charge voltage of 1.4 times Vg and record crest voltage and
time-to-sparkover.

The highest crest value of voltage with atime duration greater than 30 s recorded during these tests shall be
considered the maximum switching surge sparkover voltage of the test arrester.
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8.5 Accelerated aging procedure

Thisis not atest and has no evaluation procedure. This is an aging procedure from which elevated voltage
ratios ke and kg, are obtained (see 8.5.2). These ratios are used in the duty-cycle and discharge-current with-
stand tests to simulate the performance of arresters as if they had been in service for an extended period
equivalent to the test period given in 8.5.1.

This aging procedure shall be applied to three typical sample valve elements of the design being tested. If
several valve element size variations are being evaluated at the same time, this procedure shall be applied to
three typical samples each of the largest and the smallest diameter and three each of the thickest and the thin-
nest valve elements for which design tests are being run. The relevant MCOV for this procedure is the maxi-
mum voltage that the valve element(s) must support in the arrester due to unequal voltage distribution.

If the arrester fill medium is air, this procedure may be run in an open air oven without further containment.
If the arrester fill medium is not air, the valve elements shall be sealed in a container of the arrester fill
medium at room temperature and normal filling pressure, and that container shall then be put in the oven.

8.5.1 Determination of power ratios
Heat samplesto 115 £ 2 °C and energize at MCOV for 1000 h, except

(8) Liquid-immersed arrester samples shall be heated in mineral insulating oil, meeting ASTM D3487-88
(1993), and energized at MCOV for a period of 7000 h.

(b) Deadfront arrester samples shall be heated and energized at MCOV for a period of 2000 h.

At 115 + 2 °C, measure sample power dissipation (watts loss) at MCOV and at duty-cycle voltage 2-5 h
after the start of the test and at the end of the test period while still energized. The test period may be
extended up to 100 h for the purpose of test convenience only. The total time required to raise from MCOV
to rated duty-cycle voltage, take power readings, and lower voltage to MCOV shall not exceed 5 min.

For each valve element, determine the ratio of the power dissipation (watts loss) at the end of the test period
to theinitial power dissipation after 2-5 h at MCOV and at duty-cycle voltage. Then, for each valve element,
divide the end-of-period reading by the 2-5 h reading. The maximum power ratio determined from the three
valve elements shall be used to determine the elevated MCOV and duty-cycle voltage rating factors.

8.5.2 Determination of elevated voltage factors k- and kg

If the maximum power ratio of the valve element is equal to or less than 1.0, the appropriate k¢ or kg voltage
factor is 1.0.

If the maximum ratio of the power dissipation islarger than 1.0, proceed as follows:

a) At room temperature, take three new sample valve elements of the design and size used in 8.5 and
measure wattsloss at MCOV and at duty-cycle voltage.

b) Multiply the (new sample) watts loss by the appropriate ratios determined in 8.5.1.

¢) For each sample, determine the voltage required to obtain the increased watts loss thus determined
and then calculate k¢ and kg as follows:

1) k¢ isthe maximum voltage for increased (MCOV) wetts losssMCOV;
2) kgisthe maximum voltage for increased (duty-cycle voltage) watts loss/duty-cycle voltage.
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If more than one valve element size is used in the same arrester design, then the relevant ke and kg are the
largest values obtained from the sampled valve element sizes. Wherever watts loss is stated in 8.5, resistive
component of current may be substituted. If the manufacturer can demonstrate that the manufacturer’s valve
element envel oping medium and voltage aging effects can be separated, then the manufacturer may run them
as two separate tests (test period h at 115 °C).

8.6 Accelerated aging tests of external polymeric insulating systems for
distribution class arresters

These tests demonstrate the minimum performance level of the externa polymer insulating system when
exposed to accelerated light and electrical stress pollution tests. Established tests for polymer distribution
insulators were modified, as required, for application to polymer distribution arresters. Correlation to service
conditions over the expected life of the product has not yet been established.

8.6.1 Accelerated aging tests by exposure to light

8.6.1.1 Specimens

The specimens shall include both arrester housings and hanger/bracket parts, or as specified by the test
method used.

8.6.1.2 Test method
The test method shall be the latest revision of one of the following documents:

a) Carbon-arc methods

1) ASTM G23-96;
2) ASTM D1499-92z;
3) ASTM D750-95.

b)  Xenon-arc methods

1) ASTM G26-96;
2) ASTM D2556-93a

¢) Fluorescent UV method
1) ASTM G53-96.

All methods used must include water. The test duration must be for aminimum of 1000 h, and a minimum of
three specimens must be tested.

8.6.1.3 Test evaluation

Cracking of any specimen’s surface to depths greater than 0.1 mm shall constitute failure.
8.6.2 Accelerated aging tests by exposure to electrical stress

8.6.2.1 Specimens

The specimens shall consist of full-size arresters representing the design under test. The specimens shall
include hanger and disconnector, when applicable.
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8.6.2.2 Test procedure

Measure the specimen discharge voltage at the classifying current and wave shape before and after the
1000 h aging test, as described in 8.6.2.3.

8.6.2.3 Aging test

The fundamental test is a cyclic type, which must include periods of wetting, drip, and surface drying,
accompanied by application of a continuous or intermittent voltage. The intent of the test is to subject the
specimen to periodic dry band arcing that takes place during the ac voltage application period. The wetting
may be either spray or dipping; in either case, however, the entire length of the specimen must be uniformly
wetted. The procedure has three test segments

a) Arrester and hanger/bracket aging;

b)  Arrester evaluation;

c) Hanger bracket aging.
Test segments (a) and (c) may be tested in either order. A minimum of three specimens must be tested.
8.6.2.3.1 Test voltage
The arrester aging part of the test shall be performed at the highest MCOV stress for arresters of the same
specimen type and design. The stress shall be based on the arrester creep distance. The hanger/bracket test

portion shall be performed at the highest line-to-ground voltage at which the hanger/bracket will be sub-
jected. The arrester terminals shall be connected in accordance with Figure 1 and Table 9.

/ TERMINAL 1

ARRESTER

—
Il ,

AN

HANGER/BRACKET

|

TERMINAL 2

Figure 1—Typical polymeric-housed arresters
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Table 9—Accelerated aging test of polymeric housing by electrical stress

Applied voltage at terminals
Test objective Specimen Test duration
Terminal 1 Terminal 2 Terminal 3
Arrester/hanger | Arrester and Maximum Ground Ground 1000 h at
hanger? design stress voltage
Arrester evalua- | Arrester and 8/20 current Ground Ground Impulse
tion hanger? impulse
Hanger aging Hanger and Maximum Maximum Ground 20 h at voltage
effectively system voltage system voltage
shorted arrester | applied to applied to
hanger? hanger®

&\here an insulating hanger is part of the design.
bOnly when an arrester is effectively shorted.

8.6.2.3.2 Cycle time
The full cycle time shall be not less than 1 min and not more than 10 min.
8.6.2.3.3Time at voltage

The time spent energized during each cycle shall be not less than 1 min and not more than 2 min, and shall
count toward total test duration. The specimen shall not be completely dry at the beginning of the energized

cycle.

8.6.2.3.4 Test duration

The parameter of importance is the time spent energized at the specified test voltage. All specimens must
spend the total accumulated time at voltage (as specified in Table 9) for test duration for each segment of the
aging test.

8.6.2.3.5 Wetting agent

Theresistivity of the wetting agent must be 400-500 Q—-cm.

8.6.2.3.6 Power source

The short-circuit current available at the specimen terminals shall be at least 10 mA rms. The voltage toler-
ance at the specimen terminals must be maintained at +5%.

8.6.2.4 Test evaluation
The specimens will be considered to pass if
a) No externa flashovers, punctures, or internal breakdowns have occurred during the test;

b) No surfacetracking is evidenced by physical examination;
¢) Thearrester discharge voltage at its classifying current has not changed by more than 10%.
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8.7 Contamination test

This test demonstrates the ability of the arrester to withstand electrical stresses on the arrester housing
caused by contamination, through examination of thermal stability and insulation withstand. The test shall
be made on complete arresters. Only the highest voltage rating of each type and design shall be tested. Con-
formance of the highest voltage-rated arrester to this standard shall be considered to demonstrate conform-
ance of lower voltage ratings of the same arrester type and design.

8.7.1 Power-frequency test voltage source

The power-frequency test voltage source and the method of measurement shall be in accordance with
IEEE Std 4-1995. The regulation of the source shall be such as to maintain the specified voltage on the
arrester, except for infrequent, nonconsecutive, half-cycle voltage dips of no more than 5% during leakage
current pulses.

8.7.2 Test preparation

8.7.2.1 Test specimen preparation and mounting

Thermal stability of an arrester shall be demonstrated through measurement of one or more of the following:
a)  Arrester temperature;
b) Resistive component of leakage current;

c) Wattsloss.

If stability isto be demonstrated by temperature measurement, then a temperature sensing device (such as a
thermocouple) shall beinstalled in each arrester section immediately adjacent to a valve element.

The arrester shall be tested completely assembled. If amultiunit arrester contains gaps that are not uniformly
distributed throughout the arrester, then the units shall be restacked so that the majority of the gaps are
located within the top half of the stack.

8.7.2.2 Contaminant preparation

The contaminant shall be stored in a container so that it can be thoroughly agitated just prior to application.
The contaminant shall consist of adurry of

a Water,;

b) Bentonite (5 g/L of water);

¢) An undiluted, nonionic detergent consisting of nonyl-phenyl-polyethylene-glycol-ether or other
comparable long-chain, nonionic esters (1 g/L water);

d) Sodium chloride.

The volume resistivity of the durry shall range between 400 Q—cm and 500 Q—cm and may be adjusted by
the addition of sodium chloride. Volume resistivity shall be measured at a temperature of 25 + 5 °C with a
low-voltage conductivity bridge.
8.7.3 Test procedure
The test shall be conducted as follows:

a) The arrester housing shall be clean and dry and at the ambient temperature. Washing with a deter-

gent may be necessary to remove ail films, but the detergent should be thoroughly rinsed off with
water.
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b) The arrester shall be energized for aminimum of 1 h at MCOV. Measurements of resistive compo-
nent of current, watts loss, or temperature shall be made at the end of the energization period.

c) With the arrester de-energized, the contaminant shall be applied to al insulating surfaces of the

lower half of the arrester, including the undersides of all skirts. The coating shall be applied heavily
enough to form drops of the slurry on the skirts of the housing. (Too much contaminant cannot be
applied; the excess merely runs off.)
Maximum voltage-off time for contaminant application is 10 min. The contaminant coating may be
applied by dipping, spraying, or flow-coating. Small arresters may be conveniently coated with a
paint spray gun. Large arresters may require specia racks for mounting the spray or flow-coat
nozzles.

d)  Within 3 min of contaminant application, the arrester shall be energized at its MCOV. Measurements
of resistive leakage current, watts | oss, or temperature shall be made at the end of the 15 min energi-
zation. Arrester temperature, if measured, shall be obtained immediately following de-energization.
Maximum voltage-off time for contaminant application, including any temperature measurements,
is13 min.

e) Repeat steps (c) and (d), and at the end of the second cycle, energize the arrester at its MCOV. For
30 min intervals, demonstrate thermal stability as indicated by a decrease in the monitored values
toward the initial values obtained in step (b).
If temperature is being measured, it is permissible to de-energize the arrester for a maximum off-
time of 3 min.
8.7.4 Test evaluation
The arrester shall have passed thistest if al of the following occur:
a) Thearrester demonstrates thermal stability;

b)  Nounit or arrester flashes over;
¢) Thereisno physical damage to theinternal parts as evidenced by inspection.

8.8 Distribution class surge arrester seal integrity test

Thistest shall be performed on fully assembled units. Three representative samples of each seal design shall
be subjected to the test described in 8.8.2. Thistest does not apply to deadfront or liquid-immersed arresters.

8.8.1 Test preparation
Prior to performing the test described in 8.8.2, measure (with the arrester energized at duty-cycle voltage rat-
ing) each sample's radio-influence voltage (RIV), watts loss, or resistive component of current and power-
frequency sparkover (if applicable). Tests shall be performed on samplesat 20+ 5 °C.
8.8.2 Test procedure
The samples shall be subjected to each of the following testsin the order listed:

a) Termina torquing;

b) Thermal conditioning;
¢)  Seal pumping.
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8.8.2.1 Terminal torquing

On each sample, install beneath one side of the terminals a length of conductor representative of the maxi-
mum diameter hard lead accommodated by the connectors. Torque the terminals of each unit 27-30 Nem
(20-22 ftelb).

8.8.2.2 Thermal conditioning

The test samples shall be placed in a circulating air oven and subjected to a temperature of 70 £3 °C for
14 days, after which the samples shall be alowed to return to ambient temperature.

8.8.2.3 Seal pumping

The test samples shall be uniformly heated to 60 + 3 °C and maintained at that temperature for a minimum
of 1 h. The samples shall then be placed in acold water bath having atemperature of 4 £ 3 °C for aminimum
of 2 h. The transfer time between the hot and cold media shall be no more than 5 min. The test cycle shall be
performed 10 times. The cold water bath shall have a water weight at a minimum of 10 times the weight of
the test samples.

8.8.3 Test evaluation

Following the seal pumping portion of the test and within 24 h, the samples shall be allowed to reach ambi-
ent temperature. Then the measurement specified in 8.8.1 shall be repeated, after which each sample shall be
opened for visual inspection.

The design shall be judged to conform to this standard when the test samples meet the following conditions:

@) TheRIV hasnot increased by more than 20 mV above the value measured in 8.8.1;

b) Thewattsloss or resistive component of current has not increased by more than 50% above the value
measured in 8.8.1;

¢) The power-frequency sparkover voltage has not changed by more than 10% from the value measured
in8.8.1;

d) No moisture is found within the test samples upon visual examination of the internal parts and
surfaces.

8.9 Internal-ionization voltage (I1V) and RIV tests

The egquipment and general methods shall be in accordance with NEMA 107-1987.

8.9.1 Test specimens

The preparation and mounting of the specimens shall be in accordance with Clause 7, unless otherwise spec-
ified. The test specimen shall be dry and at approximately room temperature for al arresters except liquid-
immersed, which shall be immersed in mineral insulating oil meeting ASTM D3487-88 (1993), at room
temperature.

8.9.2 Additional shielding

For 11V tests, additional shielding of external partsis allowable as long as the inherent internal voltage grad-

ing is not affected by the external shielding. Where such shielding is not used, the RIV and |1V tests may be
combined.
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8.9.3 Test procedures
The RIV and 11V shall be measured at afrequency of 1.0 MHz, or as near that frequency asis practicable.

Prior to making the tests, the ambient ionization voltage shall be determined by the identical setup for deter-
mining the 11V and RIV; however, the specified power-frequency test voltage shall be applied without the
arrester connected. In such cases where it is found that the 11V or RIV decreases after the power-frequency
test voltage has been applied for a minimum of 10 s, the arrester shall be pre-energized for a period not
exceeding 5 min.

To determinethe RIV or I1V, apply to the arrester terminals atest voltage equal to 1.05 timesthe M cov’ of
the arrester.

8.10 Discharge-current withstand tests

Test procedures shall comply with Clause 7. The high- and low-current withstand tests shall be made on dif-
ferent specimens of the same arrester type.

After completion of the testsin 8.10.1 and 8.10.2, the test specimens shall be judged by visual evidence of
damage or deterioration and by the oscillograms, in addition to specific criteria given in the relevant sub-
clauses of each test requirement.

8.10.1 High-current, short-duration tests

The tests shall be made on complete arresters or on prorated sections. The duty-cycle voltage ratings tested
shall be 3 kV or more, but need not exceed 12 kV.

8.10.1.1 Test procedure

Thistest isperformed in till air at 20 +5 °C for all arrester classifications and types, except liquid-immersed
and deadfront arresters. Liquid-immersed arresters shall be immersed in mineral insulating oil, meeting
ASTM D3487-88 (1993), having a liquid temperature of 75 £ 5 °C, with the arrester having obtained ther-
mal equilibrium at 75 £ 5 °C when subjected to the procedure. Deadfront arresters shall be preheated to
45 + 5 °C for a sufficient time to obtain thermal equilibrium and shall be at 45 + 5 °C when subjected to the
test procedure. The test procedure shall consist of two arrester discharges of surge current having a 4/10
wave shape (—0%, +50% tolerance to accommodate test equipment), with an amplitude as specified in
Table 10.

Table 10—High-current, short-duration test levels

Arrester classification M inimun}lf'&e)st current
Station 65
Intermediate 65
Distribution, heavy duty 100
Distribution, normal duty 65
Distribution, light duty 40

“American National Standard test levels for RIV and 11V for surge arresters have not been established (see NEMA LA 1-1992).
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One oscillogram of the discharge current and one oscillogram of the discharge voltage shall be obtained dur-
ing the test. The test piece shall be allowed to cool to ambient temperature between discharges.

8.10.1.2 Test evaluation

Within 5 min after the second current discharge, power-frequency recovery voltage shall be applied for a
minimum of 30 min. For a complete arrester, the recovery voltage shall be k¢ times MCOV. For a prorated
section, the recovery voltage shall be as prescribed in 7.2.2. Valve element temperature, resistive component
of current, or power dissipation shall be monitored until the measured value is appreciably reduced (success)
or athermal runaway condition is evident (failure).

8.10.2 Low-current, long-duration tests
There are two test methods
a) A transmission-line dischargetest for station and intermediate arresters. The switching surge duty on

arresters applied to cable circuits may be evaluated by the line discharge test circuit, modified to take
into account the capacitance, surge impedance, length, and charge voltage of the cable.

b) A rectangular wave test for distribution arresters.
8.10.2.1 Transmission-line discharge test for station and intermediate arresters

Thetest shall be made on complete arresters or on prorated sections. The duty-cycle voltage rating of the test
specimens shall be 3 kV or more, but need not exceed 12 kV.

8.10.2.1.1 Preparation for test

Before making the test described in 8.10.2.1.3, a power-frequency sparkover test (see 8.2), if applicable, and
adischarge-voltage test at the classifying current (see Table 7) shall be made on the test specimen.

8.10.2.1.2 Test circuit

The constants of a distributed constant generator, as shown in Figure 2, used in making the discharge test
shall be based on the following transmission-line characteristics, where:

D, isthe transmission-line length;

V) is the maximum system line-to-line rms voltage;

V| g is the maximum system line-to-ground voltage crest;
E, isthe transmission-line charge voltage;

Z, isthe transmission-line surge impedance;

C,_ isthe transmission-line capacitance per unit length.

The values shown in Table 11 shall be used in deriving the constants of atest generator. The constants of the
test generator shall be derived by using either of the following prorating factors:®

K isthe rms arrester duty-cycle voltage in kilovolts'rms specimen duty-cycle voltage in kilovolts; or
K istherms arrester MCOV in kilovolts/rms specimen MCOV in kilovolts.

8This allows the manufacturer to proportion the transmission-line generator parameters to be consistent with the manufacturer’s arrester
prorating technique, either by MCOV or duty-cycle ratings.
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Figure 2—Transmission-line discharge test generator and setup

Table 11—Values for deriving test generator constants for transmissi
line discharge tests

on

TO
MEASURING
DEVICE

D
c Number

of . Intermediate

Vi (kV) Z (Q EL (kV) oper- Station arresters arresters
ations
UF/km | pF/mi km mi km mi

372 450 0.0075 | 0.012 26V g 20 240 150 160 100
72.5-150 450 0.0075 | 0.012 26V g 20 240 150 160 100
151-325 400 0.0087 | 0.014 26V g 20 280 175 — —
326-400 350 0.0093 | 0.015 26V g 20 320 200 — —
401-600 325 0.011 0.0177 20V g 20 320 200 — —
601-900 300 0.0177 | 0.0188 20V g 20 320 200 — —

Generator charge voltage in kilovolts dc
Eg2E /K

Generator surge impedance in ohms
Zo<Z,/K

Total generator inductance in microhenries

i=N
Le = Y L

32

©)

(10)

(11)
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Total generator capacitance in microfarads

Co2KD,C, (12)
LsCs2(Z,C.D)* (13)
where

N isthe number of generator sectionsand N = 10;
The subscript i designates the generator section requirements (see Figure 2);

R, isthe resistance, in ohms, of the i generator section. (This is the measured value that
depends on the resistance of the section elements and connections.)

Generator connecting lead resistance plus current shunt resistance in ohnmsis (see Figure 2)

Ry = R+ Rg (Thisisameasured value.) (149
Generator section capacitance

C;<0.1Cgq (15)

(Asafirst approximation, thisis Cg divided by the number of sections chosen; however, the values for each
section may be modified as shown below.) Generator section surge impedance in chms

Z; = J(Li/C) (16)
(Asafirst approximation, Z; = Zg; however, the sections may be modified as shown below.)

To determine the exact values of capacitance, C; and surge impedance, Z;, the following requirements shall
be met:

i=N
Zi+Ry+ I R = Zg+5% 17)
i=1

i=N
Ra+ ¥ R <005Zg (18)
i=1

then the first approximations for C; and Z; aswell asL;, are correct. C; may be Cg divided by the number of
sections; Z may be equal to Zg, and Z; = ,/(L;/C,).

If
i=N

Ry = $ R>005Zg 19)
i=1
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then Z; shall be adjusted section by section to agree with the given equation; that is, for the third section
Z3+ R+ R+ R+ Ry = Z +5% (20)
and for the fifth section
Zg+Ry+ R + R+ Ry+ R, + R, = Zg 5% (22)

The surge impedance of the sections may be adjusted by adjusting L or C provided that

Total C5;2 KD, C, (22)
and
Total L;Cg2(Z,C . D|)? (23)

The time duration in microseconds, Tp, of theinitial surge of the generator, as measured by an oscilloscope,
can be checked by

Tp =2,C D, (29

The voltage divider used to measure the voltage of the test specimen shall have an impedance of at least 100
times the minimum impedance of the test specimen during discharge.

If an auxiliary impulse generator is used to initiate the discharge of the distributed constant generator, then
the stored energy of the auxiliary impul se generator shall not exceed 0.5% of the stored energy of the distrib-
uted constant generator.

8.10.2.1.3 Test procedure
Thetest shall consist of subjecting the test specimen to a number of operations, as defined in Table 11.

These operations shall be applied in three groups of six consecutive operations followed by one group of two
operations, with atime interval between consecutive operations of 5060 s. Specimens may be permitted to
cool to ambient temperature after the sixth, twelfth, and eighteenth operations. Prior to the nineteenth opera-
tion, heat the sample to 60 = 3 °C. Within 10 min after removing the sample from the oven, apply the nine-
teenth and twentieth operations. Testing shall occur with an ambient temperature between 20 °C and 60 °C.
Within 5 min after the twentieth operation, power-frequency recovery voltage shall be applied for a mini-
mum of 30 min. For a complete arrester, the recovery voltage shall be k- times MCOV (8.5.2). For a pro-
rated section, the recovery voltage shall be as prescribed in 7.2.2. Valve element temperature, resistive
component of current, or power dissipation shall be monitored until the measured value is appreciably
reduced (success) or athermal runaway condition is evident (failure).

One wave shape record of the discharge voltage and discharge current through the test specimen shall be
made during both the first two and last two operations of the series. Current and voltage records need not be
made simultaneously.

8.10.2.1.4 Test evaluation

Following the test, and after the specimen has demonstrated thermal stability per 8.10.2.1.3, the specimen

shall be allowed to cool to ambient temperature. Then the tests specified in 8.10.2.1.1 shall be repeated. The
design shall be considered adequate when
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@) Thermal recovery has been demonstrated;
b) No physical damageis evident;
c) Power-frequency sparkover (if applicable) and discharge voltage have not changed more than 10%
from the values measured in 8.10.2.1.1.
The transmission-line discharge capacity of a designated arrester rating shall be considered to have met the
requirements of this standard when tests have been made in accordance with this standard, the evaluation
conditions have been met, and the following conditions have also been met:

a)  Thetransmission-line length of D, used in deriving the constants of the test generator in 8.10.2.1.2
isequal to or greater than the length of line specified in Table 11,

b)  For the same system voltage, the rating of the designated arrester is equal to or greater than the rat-
ing of the arrester on which the test was based; or for the designated system voltage, it is less than
the system voltage on which the test was based.

8.10.2.2 Low-current, long-duration test for distribution arresters

The test shall be made on complete arresters or on prorated sections. The duty-cycle voltage ratings tested
shall be 3 kV or more, but need not exceed 9 kV. The discharge current shall be as specified in 8.10.2.2.2.

8.10.2.2.1 Preparation for test

Before making the test described in 8.10.2.2.2, power-frequency sparkover (see 8.2), if applicable, and dis-
charge-voltage tests at the classifying current (see Table 6) shall be made on the test specimen.

8.10.2.2.2 Test procedure

The discharge current for this test shall have an approximately rectangular wave shape, and shall be main-
tained at or greater than the minimum values of current for the time as specified in Table 12.

Table 12—Low-current, long-duration test levels for distribution class arresters

Arrester classification Minimu(r(r;ri.:tr%?current Minimum duration (us)
Distribution, heavy duty 250 2000
Distribution, normal duty 75 2000
Distribution, light duty 75 2000

The test consists of 20 operations applied in the following manner.

The test specimen shall be subjected to three groups of six consecutive operations followed by one group of
two operations, with atime interval between consecutive operations of 50-60 s. The ambient conditions for
thefirst 18 operations shall bein still air at 20 + 5 °C, except that liquid-immersed arresters shall be in min-
eral insulating oil meeting ASTM D3487-88 (1993), at aliquid temperature of 20 + 5 °C. Specimens shall be
permitted to cool to ambient after the sixth, twelfth, and eighteenth operations. Prior to the nineteenth opera-
tion the test specimen shall be heated to 60 + 5 °C, except that liquid-immersed arresters shall be in mineral
insulating oil meeting ASTM D3487-88 (1993), at 120 £+ 5 °C, and deadfront arresters shall be preheated to
85+ 5°C.
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Samples shall be maintained at the prescribed temperature for a sufficient time to obtain thermal equilib-
rium. With the sample at the required thermal equilibrium temperature, apply the nineteenth and twentieth
operations. Within 5 min after the twentieth operation, power-frequency recovery voltage shall be applied
for aminimum of 30 min. For a complete arrester, the recovery voltage shall be ke times MCOV. For apro-
rated section, the recovery voltage shall be determined as prescribed in 7.2.2. Vave element temperature,
resistive component of current, or power dissipation shall be monitored until the measured value is apprecia-
bly reduced (success) or thermal runaway condition (failure) is evident.

One wave shape record of the discharge voltage and discharge current through the test specimen shall be
made during both the first two and last two operations of the series. Current and voltage records need not be
made simultaneously.

8.10.2.2.3 Test evaluation

Following the test, and after the specimen has demonstrated thermal stability per 8.10.2.2.2, the specimen
shall be allowed to cool to ambient temperature. Then the tests specified in 8.10.2.2.1 shall be repeated. The
design shall be considered adegquate when

@) Thermal recovery has been demonstrated;
b) No physica damageis evident;

c¢) The power-frequency sparkover, if applicable, and the discharge voltage of the test specimen shall
not have changed more than £10% from the values measured in 8.10.2.2.1.

8.11 Duty-cycle tests
8.11.1 General

Tests procedures shall comply with Clause 7. Duty-cycle tests shall be made on a complete arrester or on a
prorated section of an arrester. The duty-cycle voltage rating of the prorated section shall be not less than
3 kV, but need not exceed 12 kV.

8.11.1.1 Preparation for test

Before making the tests, sparkover tests (appropriate to the gap design) (see 8.2) and discharge-voltage tests
(see 8.3) at aclassifying current per Table 6 shall be made on the test specimen at 20 + 5 °C.

8.11.1.2 Test circuit

The arrester or prorated section shall be connected across a power supply having a frequency within the
range of 4862 Hz. The crest values of power-frequency voltage measured at the arrester terminals shall not
be less than the values specified in 8.11.1.3 during the flow of 60 Hz current. The crest voltage shall not
increase by more than 1% when the sample is disconnected.

8.11.1.3Test procedure

Tests shall be made in still air at 20 + 5 °C for all arrester types except liquid-immersed, which shall be
tested in mineral insulating oil meeting ASTM D3487-88 (1993), at a liquid temperature of 20 = 5 °C. The
test sample shall be energized at kg times the rated duty-cycle voltage and maintained at this voltage for the
time required to perform 20 operations, with atime interval between operations of 50-60 s. If the sampleis
a prorated section, its duty-cycle voltage shall be determined as prescribed in 7.2.2. The initiating surges
shall be timed to occur approximately 60 °C before the crest of power-frequency voltages having the same
polarity as the impulse. The initiating surges shall be 8/20 us current waves of constant polarity and of crest
value, as shown in Table 6.
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After the twentieth unit operation, the sample shall be heated to 60 + 5 °C for all arresters, except liquid-
immersed arresters shall be heated in mineral insulating oil, meeting ASTM D3487-88 (1993), to
120 + 5 °C; and deadfront arresters shall be in till air at 85 + 5 °C for a time sufficient to obtain thermal
equilibrium.

With the sample at the required thermal equilibrium temperature, it shall be subjected to two impulses of the
magnitude specified in Table 6, except for distribution heavy duty classification, which shall be subjected to
two 40 kA, 8/20 psimpulses, timed to occur 50-60 s apart while energized at ke times MCOV.

8.11.1.4 Test evaluations

Within 5 min after the 20 s operation, power-frequency recovery voltage shall be applied for a minimum of
30 min. For a complete arrester, the recovery voltage shall be kc times MCOV. For a prorated section, the
recovery voltage shall be as prescribed in 7.2.2. Valve element temperature, resistive component of current,
or power dissipation shall be monitored until the measured value is appreciably reduced (success) or a ther-
mal runaway condition is evident (failure). After demonstration of thermal stability, the specimen shall be
allowed to cool to approximately ambient temperature. Then the tests specified in 8.11.1.1 shall be repeated.
The design shall be considered adequate when

@) Thermal recovery has been demonstrated;
b) No physica damageis evident;

c) Power-frequency sparkover (if applicable) and discharge voltage have not changed more than 10%
from the values measured in 8.11.1.1.

8.12 TQV tests
8.12.1 General

The purpose of this procedure is to determine TOV capability of the arrester. Manufacturers’ published data
shall include curves with abscissa scaled in time and ordinate in per unit of MCOV. In addition, the manufac-
turer shall publish a table of TOV values listed in per unit of MCOV to three significant digits, for times
0.02, 0.1, 1, 10, 100, and 1000 s. The table values shall be taken from the curves and shall include data for
“No Prior Duty” (8.12.2) and for “Prior Duty” (8.12.4). The published curve and table shall state the range
of arrester ratings for which they apply.

Test procedures shall comply with Clause 7. TOV tests shall be made on complete arresters or on prorated
sections in time ranges stated in items (&) and (f) and any three time ranges stated in items (b), (c), (d), or (€)
below. The time ranges in seconds are

a 001-0.1;
b) 0.11-10;
0 1.1-10;

d) 10.1-100;
e  101-1000;

f)  1001-10 0QO.

The duty-cycle voltage rating of the prorated section (used for intermediate and station arresters) shall be not
less than 3 kV, but need not exceed 12 kV.

For distribution arresters, the tests shall be run on complete arresters with duty-cycle voltage ratings of
9-12 kV. Connection wire shall not be larger than AWG # 12.
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For agiven arrester type and design, when various size blocks are used, the blocks selected for the TOV test
section shall have the minimum material volume per unit of MCOV.

8.12.1.1 Preparation for test

Before making the tests, power-frequency sparkover (see 8.2), if applicable, and discharge voltage at the
classifying current (per Table 6) shall be measured at 20 + 5 °C.

8.12.1.2 Test circuit

The arrester or prorated section shall be connected across a power supply having a frequency within the
range of 48-62 Hz. Nominal test frequency (50 Hz or 60 Hz) shall be stated with published data. The crest
values of power-frequency voltage shall be measured at the arrester terminals during the overvoltage. The
minimum measured crest value divided by ./2 times Ve s the per unit value that shall be used for data

display.
8.12.1.3 Test procedure

Tests shall be madein till air at 20 + 5 °C. The sample shall be heated for atime sufficient to obtain thermal
equilibrium and shall be at 60 = 5 °C, except for deadfront arresters, which shall beat 85 + 5 °C, and liquid-
immersed arresters, which shall bein mineral insulating oil meeting ASTM D3487-88 (1993), at 120 £ 5°C,
when the test isinitiated per 8.12.2.

8.12.2“No Prior Duty” test

Apply a power-frequency overvoltage in one of the time ranges per 8.12.1. Within 1 s after the overvoltage,
apply recovery voltage10 for a minimum of 30 min. Valve element temperature, resistive component of cur-
rent, or power dissipation shall be monitored until the measured value is appreciably reduced (success) or a
thermal runaway condition is evident (failure). Repeat the procedure for five specimens, each to be tested in
al five selected time ranges. The specimen shall be allowed to stabilize at 60 £ 5 °C, except for deadfront
arresters, which shall beat 85 + 5 °C, and liquid-immersed arresters, which shall bein mineral insulating il
meeting ASTM D3487-88 (1993) at 120 £ 5 °C, before testing at each time range.

8.12.3 Test evaluation

After the specimens have been tested in each of the five selected time ranges and have been alowed to cool
to 20 £ 5 °C, repeat the measurement in 8.12.1.1. A specimen has passed when the following have occurred:

a)  Sparkover (if applicable) has not changed more than 10%;
b) Discharge voltage has not changed more than 10%;
¢) No physical damageis evident.

The manufacturer’s published curve has been verified when all five specimens have been tested at TOV volt-
ages and corresponding durations that are equal to or greater than the values indicated on the curve, and have
passed the evaluation criteria. All test points shall be displayed on the curve.

8.12.4"Prior Duty” data

This requirement is applicable to station and intermediate class arresters only. Based on the above listed tests

and manufacturer's data showing energy absorption during transmission-line discharge tests, the manufac-
turer shall either test or calculate, and publish, prior duty data. The relevant prior duty is the energy in two

9V is defined in 7.2.2 as the maximum continuous operating voltage of a prorated section.
10Recovery voltage of the prorated section is defined in 7.2.2.

38 Copyright © 1999 IEEE. Al rights reserved.



IEEE
FOR ALTERNATING-CURRENT POWER CIRCUITS Std C62.11-1999

transmission-line discharges under the conditions most severe for the design being tested and assuming no
cooling between discharges. If prior duty testing is performed, the energy in two transmission-line dis-
charges shall be applied in not |ess than 4000 ps nor more than 60 s, followed immediately by application of
TOV. The energy associated with the two transmission-line discharges must be identified and referenced to
the prior duty TOV curve on akilojoule per kV MCOV basis.

8.13 Pressure-relief tests for station and intermediate class arresters

All station and intermediate arresters, except the liquid-immersed type, shall have pressure-relief capability
and shall be tested in accordance with this standard. General test procedures shall conform to Clause 7. The
high-current and low-current tests shall be made on different specimens of the same arrester type.

8.13.1 Test specimens

The high-current test shall be made on the highest voltage rating of a complete single arrester unit of a given
type and design. Low-voltage units of the same type and design need not be tested unless the lower-voltage
unit is required to withstand a higher current. The test on high-voltage arresters, comprised of severa indi-
vidual unitsin series, need only be made on the highest voltage rating of an individua unit. The low-current
test may be made on any voltage rating of a single unit of a given type and design.

8.13.1.1 Test specimen preparation

If used, the gaps of test specimens may be reduced in spacing or shorted with a fusewire. Valve elements
shall be externally fused with a wire that follows the contour of the elements in close proximity to the sur-
face. The fusewire used for the high-current test shall melt within atime corresponding to 30° after current
initiation.’* The fusewire for the low-current test may be of any convenient size [see 8.13.4, item (d)].
8.13.1.2 Test specimen mounting

The test specimen shall be mounted to simulate service conditions. The upper end shall be terminated with
the base of another unit of the same arrester design or the terminal cap, whichever is the more restrictive to
pressure relief. The base of the test specimen shall be mounted on a pedestal at least 300 mm (12 in) high.
An enclosure the height of the pedestal shall concentrically encircle the specimen. The diameter of the
enclosure shall be equal to the specimen diameter plus twice the specimen height, with a minimum diameter
of 1.8 m (6 ft).

8.13.2 High-current pressure-relief rating

Station and intermediate arresters shall be given asymmetrical rms high-current pressure-relief rating. Com-
pliance with these ratings shall be demonstrated by the design tests specified in 8.13.3.

8.13.3 High-current pressure-relief test procedure

Several alternative procedures are given for demonstrating the compliance of arrester high-current pressure-
relief venting with the rating class.

8.13.3.1 General requirements

The following general requirements apply to all of the methods for performing the high-current pressure-
relief tests:

110n the basis of asine wave cycle at supply frequency.
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a) Thetest circuit power frequency shall be between 48 Hz and 62 Hz.

b) For intermediate arresters, the minimum test current duration shall be 0.2 s.

c) For station arresters with duty-cycle voltage ratings of 3—72 kV, the minimum test current duration
shall be0.2s.

d) For station arresters with duty-cycle voltage ratings above 72 kV, the minimum test current duration
shal be0.1s.

e) Themaximum time for the arrester to vent shall be 0.085 s.

f)  The high test current shall be measured at the crest of the highest asymmetrical current loop while

the current is through the arrester.12

The rms value of the asymmetrical current shall be determined in accordance with |EEE Std C37.09-1979.

8.13.3.2 Tests at full voltage

Tests at full voltage should be made whenever test facilities permit this test procedure.

a)

b)

0)

d)

e

The open-circuit voltage, E+, of the test circuit shall be not less than 77% of the voltage rating of the
arrester tested.

Theimpedance of thetest circuit shall be adjusted to produce not less than the symmetrical rms fault
current of the pressure-relief rating of the arrester (see Table 13), with the arrester replaced by a
bolted fault. The adjustment of the current shall be verified by measuring the symmetrical and com-
pletely asymmetrical short-circuit currents of the circuit. These currents shall be termed the prospec-
tive currents of the circuit. It is permissible to determine the prospective currents by making the
bolted fault test with reduced excitation on the generator. (This reduces the duty on the test equip-
ment.) The short-circuit currents and the open-circuit voltage, Eg, with the reduced excitation shall
be measured. The prospective currents of the test circuit are the measured short-circuit currents mul-
tiplied by E1/Eg.

The current shall be initiated as close as possible to voltage zero, with a permissible deviation from
zero to 20° after the zero crossing of the wave. 13

The X/R ratio of the test circuit, without the arrester connected, shall be at least 15. The ratio of the
complete asymmetrical to the symmetrical rms currents for this X/R ratio is 1.55. This corresponds
to aratio of the crest asymmetrical current to the rms symmetrical current of 2.6.

The test on the arrester shall be made with the circuit adjusted in accordance with items (a)—(d).
Fault-current limitation by the arrester is permissible provided that other criteriafor a successful test
described in 8.13.5 are met. External flashover of the arrester as aresult of pressure-relief venting is
permissible at any time during the test.

8.13.3.3 Compensated tests at reduced voltage

Where test stations capable of making full-voltage tests on high-voltage arresters are not available, tests at
less than full voltage are necessary. The compensated reduced-voltage tests are for those arresters that
exhibit considerable arc resistance during fault-current flow through the arresters. Experience has shown that
the resistance of arcs inside an arrester does not appreciably increase the impedance of the circuit and,
thereby, limits the symmetrical current through the arrester. However, arc resistance can cause a consider-
able reduction in the X/Rratio of a circuit, thereby reducing the current asymmetry that can be obtained.

12The current in an arc over the exterior of an arrester may be higher than the current through the arrester, for those arresters that trans-
fer the arc to the outside. An external arc does not contribute to pressure inside of an arrester; therefore, the current in the external arcis
not a measure of test severity.

130n the basis of asine wave cycle at supply frequency.
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Table 13—Pressure-relief test currents for station and intermediate class arresters

Symmetrical rmsamperes
Arresters
High current Low current
Station arresters?P 40 000-65 000 600 + 200
Intermediate arresters? 16 100 600 + 200

&Test values for arresters with porcelain tops have not been standardized.
PFor test currents above 40 kA, the values shall bein 5 kA increments.

The general procedure for the compensated reduced-voltage test is to make a test on a rating that can be
tested at full voltage to determine the current that will flow through the arrester. The test on the higher volt-
agerating is then made, adjusting the test circuit so asto obtain the same crest asymmetrical current, and not
less than the same symmetrical current, through the low-voltage unit.

a) Thearrester tested at full voltage shall be of the same type and design as the high-voltage arrester to
be tested.

b) Theprocedure for the full-voltage test is the same as described in 8.13.3.2. In this case, it isimpera-
tive to obtain an oscillographic record of the current through the arrester.

¢) Thetest on the high-voltage rating shall be made by adjusting the test circuit so asto obtain the same
crest magnitude for the first current half-cycle as was obtained during the full-voltage test on the
lower rating.

d) Test circuits adjusted to comply with item (c) will often produce a higher symmetrical current
through the high-voltage rating than was obtained during the full-voltage test on the lower rating.
This higher symmetrical current may impose amore severe pressure-relief venting duty. It is permis-
sible to synthetically reduce current, not less than 2.5 cycles after current initiation, to the symmetri-
cal magnitude measured during the full-voltage test.

8.13.3.4 Reduced-voltage test

Some arrester designs having very low fault-arc resistance may be tested at reduced voltage with afault cur-
rent having crest asymmetrical and rms symmetrical values not less than those specified in Table 13 and
8.13.3.2, item (d). If the circuit that produces the required asymmetrical current results in a higher than
required symmetrical value, current may be synthetically reduced, not less than 2.5 cycles after initiation, to
the required symmetrical value.

8.13.4 Low-current pressure-relief test procedure

The low-current pressure-relief test shall be conducted as follows on arresters of all high-current pressure-
relief ratings. Since there are no variations in low-current rating, this value need not be indicated on the
arrester namepl ate.

a) Thetest circuit power frequency shall be between 48 Hz and 62 Hz.
b) Thistest may be made at any test circuit voltage that will provide the current specified.

c¢) Thermscurrent for the low-current test may be between the limits of 600 = 200 A rms. The current
shall be the average for the duration of current flow.
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d) The test current duration, measured from the time that the fusewire melts, shall be until venting
occurs. Maximum time-to-vent shall be 1 s.

e) Test current initiation may be at random with respect to the power-frequency voltage waves.

f)  Any convenient value of X/R may be used for the low-current test circuit.

8.13.5 Test evaluation
Conformance of the test specimen with this standard shall be judged from the following:

a) Theoscillograph recordings showing test current magnitude and duration;
b)  The evidence of the time at which venting occurred;

¢) The confinement of all components of the specimen within the enclosure specified in 8.13.1.2. Frac-
ture of the housing by thermal shock shall, in itself, not constitute a failure of the specimen to pass
the test.

8.14 Short-circuit test for porcelain-housed distribution surge arresters

All porcelain-housed distribution arresters for which a fault-current withstand rating is claimed shall be
tested in accordance with this standard. General test procedures shall conform to Clause 7. Tests shall prefer-
ably be performed at full voltage (85% of duty-cycle rating). In cases where test facilities do not permit full-
voltage testing, the tests may be made at reduced voltage.

8.14.1 Test specimens

The tests shall be made on the highest voltage rating of a complete single arrester unit of a given type and
design. These tests shall be considered to substantiate conformance to this standard of lower voltage ratings
of the same type and design. Tests need not be made on the lower voltage units, except where a higher cur-
rent withstand capability is claimed for a lower voltage rating. The lower voltage rating shall then be tested
at the current withstand capability claimed.

8.14.1.1 Test specimen preparation
The test specimen shall be prepared in one of two manners

a)  Full voltage (85% of duty-cycle voltage rating);
b) Reduced voltage.

8.14.1.1.1 Tests at full voltage (85% of duty-cycle voltage rating)

If gaps are utilized, the gap structure may be shunted by a fusewire, or each gap spacing may be reduced so
that the 60 Hz sparkover of the test specimen shall be 50% or less of the test voltage. Each valve element
shall befaulted (electrically punctured) to offer a minimum resistance to the power current, or shall be exter-
nally fused. When faulted by electrical puncture, the puncture shall be visible at each end and extend the
length of the valve element. When externally fused, the fusewire shall follow the contour of the valve ele-
ment and be in close proximity to its surface. The fusewire shall melt within 30 electrical degrees after cur-
rent initiation.

When the test is made with surge initiation of the fault current, the gap structure need not be modified. Each

element of the test specimen shall be modified by breaking away a section of the collar insulating material at
least 6 mm (0.25 in) wide along the entire length of the valve element.
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8.14.1.1.2 Tests at reduced voltage

When required to test at reduced voltage, gaps (if used) may be fused, or their spacing may be reduced so
that their sparkover is below the test voltage. The valve element shall be externally fused. The fusewire shall
follow the contour of the valve element and be in close proximity to its surface. The fusewire shall melt
within 30 electrical degrees after current initiation.

8.14.1.2 Test specimen mounting

The test specimen shall be mounted to simulate normal service conditions. The arrester shall be centrally
located above a circular enclosure 300 mm (12 in) high and 1.8 m (6 ft) in diameter. The bottom of the
arrester shall be at a minimum height of 1.2 m (4 ft) from the top of the enclosure. For those designs incor-
porating a disconnector, the ground lead size and attachment shall be in accordance with the manufacturer’s
published recommendations using the maximum size, stiffness, and shortest length.

8.14.2 Test procedures
The following procedures shall apply to al tests:

a) Thetest circuit power frequency shall be between 48 Hz and 62 Hz.

b) The open-circuit test voltage shall not be less than 85% of the duty-cycle voltage rating of the
arrester tested. Tests at reduced voltage shall apply when conducted at test facilities that do not have
sufficient capacity to test at full 85% of rating. For reduced voltage tests, the specimen shall be pre-
pared per 8.14.1.1.2.

c¢) The test current, whether the prospective current of the test circuit or the current through the test
specimen, shall beinitiated close to voltage crest, with a maximum permissible deviation of 10 elec-
trical degrees on either side of crest.

d)  Theminimum test duration for the fault-current withstand claimed for the arrester shall be 0.1 s.

e) For tests at full 85% of duty-cycle voltage rating, the impedance of the test circuit shall be adjusted
to produce not less than the symmetrical rms fault-current withstand claimed for the arrester with the
test specimen replaced by a bolted fault. This current shall be termed the prospective current of the
circuit. For tests at less than 85% of duty-cycle voltage rating, the impedance of the test circuit shall
be adjusted to produce through the specimen not less than the symmetrical rms fault-current with-
stand claimed for the arrester.

f)  For tests at full 85% of duty-cycle voltage rating, the arrester specimen, as prepared in 8.14.1.1.1,
shall be tested in the identical circuit used to determine the prospective current, but connected in
place of the bolted fault. Where surge initiation is used, the surge shall be of sufficient magnitude to
cause the modified valve elements to flashover, as indicated by the oscillographic record. The pro-
spective current, as determined in item (€), shall be considered the test current. For tests at reduced
voltage, using an arrester specimen prepared per 8.14.1.1.2, the test current shall be the actual cur-
rent through the arrester as determined from oscillographic records.

8.14.3 Test evaluation
Conformance of the test specimen with this standard shall be judged from the following:

@)  Theoscillographic recordings showing test current magnitude and duration;
b)  The confinement of all components of the specimen within the enclosure specified in 8.14.1.2.

Fracture of the housing by thermal shock shall, in itself, not constitute a failure of the arrester to pass the
test.
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8.15 Short-circuit test for polymer-housed distribution class arresters

All polymer-housed distribution arrester designs shall have a manufacturer-claimed fault-current withstand
capability and shall be tested in accordance with the procedures of this section to demonstrate the claimed
capability. Tests shall be performed at three fault-current levels: high, intermediate, and low. Tests shall be
made on specimens which have been “pre-faulted” by means of afusewire or by overvoltage (see 8.15.1.2).
High-current tests shall be performed on two “fusewire faulted” samples and two “overvoltage faulted” sam-
ples. Intermediate- and low-current tests shall each be performed on two “overvoltage faulted” samples.
Table 14 summarizes the test requirements.

Table 14—Mode-of-failure test parameters for polymer-housed
distribution class arresters

. Intermediate
Test High current current Low current
Preparation method Fusewire Overvoltage Overvoltage Overvoltage
Number of samples 2 2 2 2
Symmetrical rms current Not less than Not less than 0.5+0.05times | 600+ 200A
maximum maximum maximum
claimed claimed claimed
Min. duration of current (s) 0.2 0.2 0.2 1.0

8.15.1 Test specimens

Tests shall be made on samples which represent the longest mechanical section of the design.

8.15.1.1 Preparation of fusewire faulted samples

The valve elements and gaps, if used, shall be externally shorted by means of a fusewire that follows the
contour of the elementsimmediately adjacent to the surface of the elements. The size of the fusewire shall be
selected such that it will melt within a time corresponding to 30 electrical degrees after fault-current initia-
tion. In al other respects, the samples shall be representative of normal production.

8.15.1.2 Preparation of overvoltage faulted samples

Samples representative of normal production shall be subjected to a voltage exceeding MCOV that will
cause the valve elementsto fail in atime of 5+ 3 min.

NOTE—Adijustment of the voltage to obtain an initial current density in the range of 5-10 mA/cm? will typically result
in valve element failure in the prescribed time.

The short-circuit current of the voltage source may be less than or equal to 30 A. The originally applied volt-
age may be reduced, but to a level not less than MCOV, to cause the valve elements to fail in the specified
time. The valve elements are considered to be failed when the voltage across the elementsfallsto below 10%
of their MCOV.

8.15.1.3 Test specimen mounting for short-circuit tests

The test specimens shall be mounted vertically on an insulating crossarm, with the crossarm mounting
bracket electrically isolated from the test circuit and from ground. The arrester shall be centrally located
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above a circular enclosure 300 mm (12 in) high and 1.8 m (6 ft) in diameter. Alternatively, a square enclo-
sure 300 mm (12 in) high and 1.8 m (6 ft) wide may be used. The bottom of the arrester shall be at a mini-
mum height of 1.2 m (4 ft) from the top of the enclosure. For those designs incorporating a disconnector, the
ground lead size and attachment shall be in accordance with the manufacturer’s published recommendations
using the maximum size, stiffness, and shortest length. The line and ground lead shall be insulated to prevent
arc movement along the lead and away from the test sample during the fault-current flow.

8.15.2 Test procedure

The test circuit power frequency shall be between 48 Hz and 62 Hz. High- and intermediate-current tests
may be performed at either full or reduced voltage. Different requirements apply to each. Low-current tests
may be performed at any test circuit voltage that will provide the required short-circuit current.

8.15.2.1 Tests at full voltage (high and intermediate fault-current levels)

The open circuit voltage of the short-circuit power source shall be no less than the MCOV of the test
specimen.

A test to determine the prospective fault current shall be performed with the test specimen replaced by a
solid link of negligible impedance.

For the high-current tests, the X/Rratio of thetest circuit shall be at least 15. The ratio of the complete asym-
metrical to symmetrical rms currents for this X/Rratio is 1.55, corresponding to aratio of crest asymmetrical
to rms symmetrical current of 2.6. The impedance of the test circuit and the timing of the fault closing shall
be adjusted to produce the symmetrical rms fault current appropriate for the test being conducted (see Table
14). The magnitude and asymmetry of the current shall be confirmed by oscillographic measurement.

For the intermediate-current tests, no asymmetry is required. It is necessary only that the symmetrical rms
fault current is within the range specified in Table 14. This shall be confirmed with oscillographic measure-
ment.

Tests on arrester specimens shall be made with the circuit and timing adjusted as prescribed above. “Over-
voltage faulted” samples shall be tested between 3 and 5 min after completion of the pre-fault preparation
(see 8.15.1.2).

The prospective fault current, established as described within this subclause, is used to determine the claim-
able capability of the arrester. Fault-current limitation by the test specimen is permissible, provided that
other criteriafor a successful test described in 8.15.3 are met.

8.15.2.2 Tests at reduced voltage

Reduced voltage tests are typically performed in cases where the capabilities of the testing station are not
sufficient to perform tests at full voltage on the longest mechanical unit of a given arrester type and design.
Requirements for reduced voltage testing are described in 8.15.2.2.1 as “non-compensated.” For the high
fault-current tests only, requiring current asymmetry, an aternative “compensated” test may be performed
(see 8.15.2.2.2).

8.15.2.2.1 Non-compensated tests at reduced voltage (high and intermediate fault-current
levels)

Current through the arrester specimen during the fault-current test is used to determine the claimable capa-
bility of the arrester. The fault current shall be measured by oscillographic means.
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For the high-current tests, the impedance of the test circuit shall be adjusted such that

a) The symmetrical rms current meets the requirements of Table 14 appropriate for the test being
conducted.

b) Thecrest of thefirst half-cycle of current is not less than 2.6 times the symmetrical rms current.

c¢) Theasymmetrical value of the first half-cycle of current is not less than 1.55 times the symmetrical
rms current. If the circuit that produces the required asymmetrical current results in higher than the
required symmetrical value, the current may be synthetically reduced, not less than 2.5 cycles after
initiation, to the required symmetrical value.

For the intermediate-current tests, no asymmetry is required. It is necessary only that the symmetrical rms
current through the arrester is within the range specified in Table 14.

“Overvoltage faulted” samples shall be tested between 3 and 5 min after completion of the pre-fault prepara-
tion (see 8.15.1.2).

The circuit test voltage may be any level for which the above reguirements are met.
8.15.2.2.2 Compensated tests at reduced voltage (high fault current only)

The general procedure for compensated tests at reduced voltage is to first make a test on a shorter unit that
can be tested at its full voltage to determine the current that will flow through the arrester. The test on the
longest mechanical unit is then made, adjusting the test circuit to obtain the same asymmetrical current, and
not less than the same symmetrical current, as that obtained on the test of the shorter unit. The following
conditions shall apply:

a) The arrester unit tested at its full voltage shall be of the same type and design as the higher voltage
arrester that is tested at the reduced voltage.

b)  Theprocedurefor the test on the shorter unit is the same as described in 8.15.2.1 for the high-current
tests.

c¢) Thetest on thelonger unit shall be made by adjusting the test circuit to obtain a crest magnitude for
thefirst half-cycle of the current at least equal to that obtained during the test on the shorter unit.

Tests circuits adjusted to comply with condition (c) will often produce a higher symmetrical current through
the longer unit than was obtained during the test on the shorter unit. In such a case, the current may be syn-
thetically reduced, not less than 2.5 cycles after initiation, to the required symmetrical value.

“Overvoltage faulted” samples shall be tested between 3 and 5 min after completion of the pre-fault prepara-
tion (see 8.15.1.2).

8.15.2.3 Low-current tests

The tests may be made at any test circuit voltage that will provide the specified current (see Table 14). Test
current initiation may be at random with respect to the power-frequency voltage wave. Any convenient X/R
ratio may be used for the test circuit.

8.15.3 Test evaluation

Any flame established during the test on the test samples, or on any gected parts of the arresters faling
within the enclosure, shall self-extinguish within 2 min after the test.
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Parts or fragments are permitted to fall outside the enclosure, provided that they meet the following criteria:

a) There shall be no visible flame on any part or fragment.
b)  Parts or fragments weighing more than 10 g must be flexible.

Structural failure of the test samplesis permitted, provided that the criteria above are satisfied.

8.16 Failure mode test for liquid-immersed arresters

Valve-type, liquid-immersed arresters may be designated as either fail-open or fail-short types, and must be
tested in accordance with this standard. General test procedures shall conform to Clause 7. The fail-open
current rating is the fault-current level above which the arrester is claimed to evolve into an open circuit
upon failure. The fail-short current rating is the fault-current level below which the arrester is claimed to
evolveinto ashort circuit upon failure. It is recognized that afail-open type arrester will not alwaysfail in an
open-circuit mode for available fault currents below its fail-open current rating, and that a fail-short type
arrester will not always fail in a short-circuit mode for available fault currents above its fail-short current
rating.

NOTE—Fail open does not imply that the arrester is self-protecting. All arrester failures initiate a short-circuit current
that must be interrupted by an overcurrent protective device. After fault clearing, the fail-open arrester allows re-energi-
zation of the device (with, of course, no overvoltage protection).

8.16.1 Test specimens

Tests shall be made on three each of the lowest and highest voltage ratings of a complete single arrester unit
for a given type and design for which a failure mode current rating is claimed. These tests shall be consid-
ered to substantiate conformance to this standard of an intermediate voltage rating of the same type and
design.

8.16.1.1 Test specimen preparation

The test specimens shall be modified in the following manner. The valve elements shall be faulted (electri-
cally punctured) to offer low resistance to power-frequency current. This shall be done on all valve elements
simultaneously in the assembled arrester. The valve elements must be faulted in a circuit with an available
current of no lessthan 2 A rms and no more than 10 A rms. A sufficiently high voltage shall be applied to fail
the valve elements within a period of not more than 5 min. Failure is denoted by arapid increase in the con-
ducted current from afairly low but steadily increasing value to the full available current of the circuit. This
current shall be permitted to flow through the valve elements for 1 min after the failure is detected.

8.16.1.2 Test specimen mounting

The test specimens shall be mounted in a manner simulating the intended service condition. The arrester
under test shall be immersed in mineral insulating oil meeting ASTM D3487-88 (1993), in acontainer that is
sufficiently large such that it does not become involved in arcing activity.

8.16.2 Test procedures

8.16.2.1 General requirements

The following general requirements apply to both fail-open and fail-short types of arresters:
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a) Thetest circuit power frequency shall be between 48 Hz and 62 Hz.

b) The test current shall be initiated at an instant when the voltage crest is 80% or more of its crest
value.

c) Thetest current duration shall be nominally 0.2 s, with a maximum deviation of 0.04 s from this
nominal value.

d) Thefailure mode current shall be the current that actually flows through the test specimen. The fail-
open current shall be the highest value measured while current is flowing through the arrester. The
fail-short current shall be the lowest value measured while current is flowing through the arrester.

8.16.2.2 Test for fail-open mode

The impedance of the test circuit shall be adjusted to produce through the specimen not more than the fail-
open current rating of the arrester.

8.16.2.3 Test for fail-short mode

The impedance of the test circuit shall be adjusted to produce through the specimen not less than the fail-
short current rating of the arrester.

8.16.3 Test evaluation
Conformance of the test specimens with this standard shall be judged by the following:

a) Theoscillographic recordings showing test current magnitude and duration.

b) Theresults of avoltage withstand test following the test described in 8.16.2.2 or 8.16.2.3. The spec-
imens shall be tested in acircuit with limited but known available current, at a voltage not less than
MCOV for a period of 1 min, during which time no current flows in the case of a fail-open type
arrester or available current flows in the case of afail-short type arrester.

¢) Thevisua evidence of damage or deterioration of the specimens after the test.

All three tested specimens at each of the voltage ratings must meet these requirements.

8.17 Deadfront arrester failure mode

All deadfront arresters should be able to withstand valve block failures without ejecting arrester parts
through the body of the housing. To demonstrate this capability, the deadfront arrester shall be tested in
accordance with this standard.

8.17.1 Test specimens

Tests shall be made on the highest voltage rating of complete arrester units of a given type and design. Three
specimens shall be tested per fault current. These tests shall be considered to substantiate conformance to
this standard of lower voltage ratings of the same type and design.

8.17.2 Test specimen mounting

The test specimen shall be mounted on a standard |oad break interface to simulate normal service conditions.
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8.17.3 Test procedure
Thistest procedure shall apply the following:

a) Thetest circuit power frequency shall be between 48 Hz and 62 Hz.

b)  The open-circuit test voltage applied to the prefaulted deadfront arrester shall not be less than the
MCOV rating of the deadfront arrester tested.

c) To€lectricaly fail the arrester, higher than rated voltage shall be applied to the arrester with a low-
current source (potential transformer) until the current increases to the source short-circuit current
level, indicating failure of the valve elements.

d) The open-circuit test voltage shall then be applied to the faulted specimens within 5 min of the pre-
fault mode. Three deadfront arresters shall be tested with afault current of 500 A rmsfor aminimum
duration of 0.3 s (20 cycles), and three more deadfront arresters shall be tested at a fault current of
10 000 A rmsfor aminimum duration of 0.17 s (10 cycles).

8.17.4 Test evaluation

Conformance of the test specimens with this standard shall be judged from oscillographic recordings show-
ing test current magnitude and duration. Fracture of the housing with the valve elements gected through the
body shall constitute failure of the arrester to pass the test. Ejection of the valve elements with the rel ease of
the grounded bottom cap is considered acceptable.

8.18 Distribution arrester disconnector tests

General test procedures shall conform to Clause 7. This test shall be conducted on disconnectors that are
designed as an integral part of the arrester, as an attachment to the arrester, or as an accessory for insertion
into the line or ground lead. The test shall be made on arresters that are fitted with arrester disconnectors, or
on the disconnector assembly alone, if its design is such that it will be unaffected by the heating of adjacent
parts of the arrester in its normally installed position.

8.18.1 Test specimens

The test shall be made on each type and design of disconnector.

8.18.1.1 Test specimen preparation

The disconnector test specimen shall not have modifications made to it.

For tests on disconnectors that are affected by the internal heating of the associated arresters, the nonlinear
resistors and series gaps of the arrester shall be bypassed with a bare copper wire 0.08-0.13 mm
(0.003-0.005 in) in diameter in order to start the internal arcing.

For tests on disconnectors that are unaffected by the internal heating of the associated arresters, the arrester,
if it is used for mounting the disconnector, shall have its nonlinear resistors and series gaps shunted or
replaced by a conductor of sufficient size so that it will not be melted during the test. If convenient, it is per-
missible to conduct this test with the disconnector separated from the arrester and mounted in an appropriate
fixture.

8.18.1.2 Test specimen mounting

The test specimen shall be mounted and connected in accordance with the manufacturer’s published recom-
mendations, using a connecting lead of the maximum recommended size and stiffness and the shortest
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recommended length. In the absence of published recommendations, the conductor shall be hard-drawn bare
copper, approximately 5 mm (0.2 in) in diameter and 300 mm (12 in) long, arranged to alow freedom of
movement of the disconnector when it operates.

8.18.2 Test procedures
8.18.2.1 Discharge-current and duty-cycle tests

In the case of built-in disconnectors, these tests shall be made at the same time as the tests on the arrester. In
the case of disconnectors that are designed for attachment to an arrester or for insertion into the line or
ground lead as an accessory, the discharge-current tests may be made separately or in conjunction with tests
on the arrester samples. To simulate the duty-cycle test, it may be necessary to test the disconnector in series
with a specific arrester. Three disconnector samples shall withstand, without operating, each of the following
distribution arrester tests, with new samples being used for each test:

a) High-current, short-duration test (8.10.1);
b)  Low-current, long-duration test (8.10.2);
c) Duty-cycletest (8.11.1).

8.18.2.2 Contamination tests

For any disconnector incorporated in an arrester or intended for attachment to a specific arrester design, the
contamination test (see 8.7) shall be repeated on a specimen with the mounting bracket disconnected from
ground, so that all external arrester surface leakage current flows through or across the disconnector to its
ground terminal. The disconnector shall withstand this test without operating.

8.18.2.3 Time-current characteristic test

An operation test shall be made on arrester disconnectors to determine a time-current characteristic; that is,
the relation between the time in seconds and the current in rms symmetrical amperes required to cause the
disconnector to operate. It is permissible for the actual operation of the disconnector to occur after the cur-
rent has ceased.

Data for the time-current curve shall be obtained at a minimum of four different levels: 20 A, 80 A, 200 A,
and 800 A rms, +20%.

8.18.2.3.1 Test circuit and conditions

The 60 Hz test voltage shall be any convenient value that is sufficient to maintain the required current level
in the arc over the arrester elements and to cause and maintain the arcing of any gaps upon which operation
of the disconnector depends. The circuit initiation shall be timed to produce approximately symmetrical
current.

Because the disconnector is not a fault-clearing device, the test circuits shall include devices with interrupt-
ing capabilities.

NOTE—One method of preparing the test circuit is to first adjust the parameters of the test circuit with the test sample
shunted by a link of negligible impedance to produce the required value of current. A closing switch can be timed to
close the circuit within a time corresponding to a few degrees of voltage crest to produce approximately symmetrical
current. An opening device, such as a fuse or switch, may be used with provision for adjusting the duration of current
through the test sample. After the test circuit parameters have been adjusted, the link shunting the test sample should
then be removed.
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8.18.2.3.2 Tests for operation and plotting of time-current characteristics

For disconnectors that operate without an appreciable time delay, the current shall be maintained at the
required level until operation of the disconnector occurs. At least five new samples that have not previously
been subjected to any other test shall be tested at each of the four current levels. The rms value of current
through each test specimen and the duration to the first movement of the disconnector shall be plotted, using
time and current as coordinates. The time-current characteristic curve shall be drawn through the maximum
test points.

For disconnectors that operate with an appreciable time delay, the time-current characteristic test may be
made by subjecting test samples to controlled durations of current flow at each of the required levels to
determine the minimum duration that will consistently result in the operation of the disconnector. Operation
of the disconnector shall occur in five tests out of five trials; or if one disconnector fails to operate, five
additional tests at the same current level and duration shall result in five disconnector operations. The rms
value of current through the test specimen, and the applied time duration that will result in operation subse-
guent to termination of the current, shall be plotted using time and current as coordinates. The time-current
characteristic curve shall be drawn through the established test points.

For each disconnector type tested, there shall be clear evidence of effective and permanent disconnection by
the device of the associated line or ground lead. If there is any question of this, a power-frequency voltage
equal to 1.2 times the MCOV rating of the highest rated arrester with which the disconnector is designed to
operate, shall be applied for 1 min without current flow in excess of 1 mA rms.

8.19 Maximum design cantilever load-static (MDCL-static) test

Any polymer-housed arrester for which a maximum design cantilever load is specified by the manufacturer
shall be evaluated by this procedure. Each combination of housing design and end fitting design shall be
eval uated.

8.19.1 Specimens

Tests may be made on specially prepared samples provided that each combination of housing design and end
fitting design isincluded. The length of each test sample shall be at |east the lesser of the following:

a) Thelongest electrical unit of the arrester;
b)  Four timesthe outside diameter of the housing at the end fitting.

The internal construction of the test sample shall be representative of the internal construction used in the
arrester being evaluated.

8.19.2 Test procedure
The test consists of the following steps:

a)  Secure one end fitting of the test sampleto the floor or to arigid platform.

b) Apply thetest load in any chosen radial direction (referenced as 0°) to the upper end of the test sam-
ple. With the test sample under load, measure the horizontal deflection of the upper end. Measure the
IV, RIV, or partia discharge (PD) at 1.05 timesthe MCOV of the test sample.

NOTE—The test load is that load which would result in the same moment at the test sample end fitting as
would be produced by MDCL -static loading at that fitting on the complete arrester. In the event that the same
combination of housing and end fitting design is used at more than one location in the arrester being evaluated,
it is necessary to test only the highest determined loading for that combination. Figure 3 provides examples for
determining moments to be reproduced for evaluation of athree-unit arrester.
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c) Repeat step (b), except with loads applied in successive directions of 0°, 90 + 5°, 180 + 5°, and
270 £ 5° from that of the first applied load.

d) Apply cantilever loading during temperature cycling in air in an environmental chamber for a total

duration of 96 h, according to Figure 4.
The thermal variations consist of two 48 h cycles of heating and cooling. The time at each of the
temperature extremes (two hot and two cold) shall be at least 16 h. For the first, second, third, and
fourth 24 h periods, apply the test load in the 0°, 90 + 5°, 180 + 5°, and 270 £ 5° directions,
respectively.

e)  Within 24 h of the conclusion of thermocycling, repeat steps (b) and (c).

f)  Repeat steps (@) through (e) for each different combination of housing and end fitting design, with
the test load modified to obtain the required moment at the secured lower end fitting. Only one test
sample need be prepared for one housing desigh and two end fitting designs, with the second test
sequence being performed on the test sample inverted from the first sequence.

: ?—‘ ﬁj—> MDCL
h3 C
Housing/end fitting Test 1
Bl 5 combination moment ‘
A |
h2 B Al MDCL : (h3 + h2 + h1) }
[ |
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b1 A B4,C5 MDCL : h3 7
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Figure 3—Example of determining moment to reproduce in test for
evaluation of a multiunit arrester
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Figure 4—Thermal-mechanical cycles
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8.19.3 Test evaluation
The design shall be considered adequate when for each test sequence

a ThellV,RIV, or PD in steps (b), (c), and () (in 8.19.2) iswithin the manufacturer’s specified routine
test limits;

b)  The deflections measured in step (€) are within 10% of the deflections measured in steps (b) and (c)
(in 8.19.2) in each of the four loading directions;

¢) Thereisno evidence of mechanical damage to the test sample.

8.20 Ultimate mechanical strength-static (UMS-static) tests for porcelain-housed
arresters

8.20.1 Validating design test for UMS-static

Three housings shall be tested. For multiunit arresters having identical porcelain cross-sections and attached
mounting hardware, only the longest lower unit needs to be tested. For multiunit surge arresters having dif-
fering porcelain and hardware, the longest housing assembly of each porcelain-hardware configuration shall
be tested.

8.20.2 Test procedure

Tests shall be made with the test specimen adequately secured to the testing machine. The load shall be
applied normal to the axis of the test specimen at the specified point of application. Specifically, the load
shall be applied as follows:

a) Toward and away from pressure-relief vents;
b) Toward and away from one of the mounting bolt holes.

In demonstrating stack ratings, the equivalent lever arm may be obtained by bolting a bar or pipe of proper
length and thickness to the test specimen.

8.20.3 Test evaluation

Failure of the average strength of the three specimens to meet the specified cantilever strength shall consti-
tute failure to meet the requirement. It should be noted that normally these products are worked to 40% of
the minimum breaking strength.

9. Conformance tests of valve arresters

Conformance tests as defined in Clause 3 shall include the tests described in 9.1 through 9.4.

9.1 Power-frequency sparkover test

This test applies only to gapped arrester designs and shall be made in accordance with 8.2, except that the
test shall be made dry only.

The test shall be made on the complete arrester unless the arrester consists of a series of complete arrester
units, in which case it may be made on the individual units.
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9.2 Front-of-wave impulse protective level

Thistest applies only to gapped arrester designs and shall be made in accordance with 8.4.2.

9.3 Discharge-voltage test

The discharge voltage shall be determined as described in 8.3.1 using adischarge current of 8/20 wave shape
with a crest amplitude of not less than 1500 A. Where the option of part testing rather than tests on the com-
plete arrester is chosen, all test waves shall have the same nominal crest and waveform within the tolerance
limits of 7.4. The test shall be made using any of the following options:

a) Testson the complete arrester;
b) Testson each individual unit of the arrester;

c) Testson al of anumber of unhoused prorated sections, not necessarily of the same rating, that have
been assembled from the interior gap and valve elements so that
1) All elements have been used;
2) No eement is used in more than one of the prorated sections.

For options (b) or (c), arrester discharge voltage is the arithmetic sum of the individual measurements. Oscil-
lograms shall be made of the discharge currents and voltages.

9.4 11V and RIV tests

These tests shall be made in accordance with 8.9.

10. Construction

10.1 Identification data

The type and identification number shall indicate the design or construction of the complete arrester. Any
change in operating characteristics, design, or construction that is likely to affect the arrester application or
performance shall be accompanied by a change in identification. The following minimum information shall
be firmly attached to or made an integral part of each arrester:

a) Arrester classification;

b) Manufacturer’s name or trademark;

¢) Manufacturer's type and identification number;

d) Duty-cycle voltage rating of the arrester;

€) MCOV rating of the arrester;

f)  Setting of the external series gap, if used;

g) Year of manufacture;

h)  For intermediate and station arresters, excluding the liquid-immersed type, the pressure-relief rating
in amperes.

10.2 Standard mountings

This subclause does not apply to deadfront or liquid-immersed arrester types.
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10.2.1 Station and intermediate class arresters
Standard mountings shall be provided so that

a) Arresterswith duty-cycle voltage ratings of 100 kV or less shall not require bracing; however, arrest-
ers with duty-cycle voltage ratings higher than 100 kV may require bracing.

b)  Arresters shall have provision for bolting to aflat surface.
¢) Whenrequired, arresters shall have provision for suspension mounting.

10.2.2 Distribution class arresters

Distribution arresters shall be so designed that they may be mounted on the mounting bracket described in
ANSI C37.42-1996.

10.3 Iron and steel parts

Exposed iron and steel parts, excepting threaded parts 6 mm (0.25 in) and smaller, shall be coated with zinc
or amaterial having equivalent protection against atmospheric corrosion. If coated by the hot dip galvaniz-
ing method, the coating shall be in accordance with ASTM A153/A153M-98.

10.4 Terminal connections

Terminal connections, excluding liquid-immersed or deadfront type arresters, shall be provided as described
in10.4.1 and 10.4.2.

10.4.1 Station and intermediate class arresters

Station and intermediate arresters shall be provided with solderless clamp-type line and ground terminals
capable of securely clamping conductor diameters of 6-20 mm (0.25-0.75 in). Line terminals shall provide
horizontal or vertical conductor entrance. Ground terminals shall accommodate horizontal conductor
entrance only. The terminals and terminal pads for station class arresters, except those with porcelain tops,
shall have two, three, or four holes to accommodate 0.5 in bolts, with holes spaced on 4.5 cm (1.75 in) cen-
tersarranged in aline, aright angle, or a square for the two, three, or four holes, respectively.

10.4.2 Distribution arresters

Distribution arresters shall be provided with either terminals or flexible insulated leads for line or ground
connections. When terminal connectors are provided, and unless otherwise specified, they shall be solder-
less, clamp-type terminals capable of securely clamping conductor sizes from AWG # 6 (solid) to AWG # 2,
stranded 4.1-7.2 mm (0.162-0.283 in) in diameter. When flexible line or ground leads are provided, and
unless otherwise specified, they shall be 455 + 25 mm (18 £ 1 in) long and have a current-carrying capability
equal to or greater than that of AWG # 6 solid copper.

10.5 Housing leakage distance
Intermediate and station arresters, excluding the liquid-immersed type, with duty-cycle voltage ratings of

54 kV and above, shall have a minimum external leakage distance of 25.4 mm (1 in) for each 1 kV rms of
duty-cycle voltage rating.
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11. Protective characteristics

For the protective characteristics of arresters conforming to this standard, it is recommended that reference
be made to the manufacturer’s published information.

12. Certification test procedures for arresters applied to unit substations*

12.1 General
The purpose of this subclauseisto explicitly state

a) Test and evaluation procedures;

b) Monitoring and retest timing, which are required for certification of arresters with voltage ratings
(duty cycle) from 3-36 kV.

Tests shall be run on three samples or prorated sectionsthat are 3 kV or greater, but need not exceed a 12 kV
voltage rating.

12.2 Tests
Certification tests shall consist of the following:

a) Discharge voltage;

b) Duty-cycletests,

¢) High-current, short-duration test.
12.2.1 Discharge voltage
Test using the general principles of 8.3 at the single-current level given in Table 15. Compare the measured
maximum voltage obtained to the manufacturer’s published values. An individual sample has passed the test
if the measured voltage is not greater than the appropriate published value.

The test results shall be evaluated as described in 12.3.

Table 15—Test currents

Arrester class Test current (kA)
Distribution, heavy duty 10
Distribution, normal duty 5
Distribution, light duty 5
Intermediate 5
Station 10

Vcertification tests are not required if the arresters are purchased by and used under the exclusive control of electric utilities.
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12.2.2 Duty-cycle tests

Determine elevated voltage factors per 8.5; then test and evaluate individual samples in accordance with
8.11. Evaluate overall design performance per 12.3.

12.2.3 High-current, short-duration test

Test and evaluate individual samples in accordance with 8.10.1. Evaluate overall design performance per
12.3.

12.3 Evaluation procedure

Evaluation shall be on athree and three basis as follows:
a) If al samples pass, the design has passed.
b) If two or more samplesfail, the design has failed.
c) If onesamplefails, test three more

1) If all three samples pass, the design has passed;
2) If one or more samplesfail, the design hasfailed.

12.4 Certification
The design shall be certified if the following occurs:

@) Thedesign passestests per 12.2 and 12.3;

b) Manufacturer's typical test data and certification are available for those design tests (per Clause 8)
that were not specifically checked in 12.2 and 12.3.

12.5 Production monitoring and product retest requirements

12.5.1 General

Subsequent to certification of an arrester in accordance with this procedure, production units shall be moni-
tored, and there shall be periodic retesting to demonstrate that certified performance capability is
maintai ned.

12.5.2 Production monitoring

Monitoring of production units shall be done quarterly or at shorter intervals, at the discretion of the certify-
ing agency, to verify that production tests and the product design conform to those in effect at the time the
design was certified.

12.5.3 Product retest requirements

For each arrester class, retesting shall beinitiated at the end of specific periods measured from time of certi-
fication. The periods are defined in Table 16 by elapsed time intervals or by the total number of units of each
class produced in the 3-36 kV duty-cycle voltage range, whichever comes first. Even if the number of units
produced exceeds the number listed in Table 16, retest series shall not be required less than 24 months after
prior tests.

The tests to be performed at the end of each period are specified by subclause number in Table 16.
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Table 16—Retest series

Arrester class Units Years Test required
Distribution 500 000 5 1221
1300 000 10 12.2.2,12.2.3
Intermediate 40000 5 1221
107 000 10 12.2.2,12.2.3
Station 36 000 5 1221
96 000 10 12.2.2,12.2.3

13. Routine tests

The following tests shall be applied to 100% of production output, except where otherwise specified. These
tests do not apply to arresters rated below 1000 V.

13.1 Current-sharing test

For arresters consisting of two or more parallel columns of valve elements, measurements shall be made to
confirm that the columns share “ critical discharge” current within tolerances specified by the manufacturer.
Critical discharge current isthat associated with the highest energy discharge that the arrester would sustain
in its application, as specified by the user. In the absence of a user-specified current, the critical discharge
current shall be either

a) The switching surge classifying current for station and intermediate class arresters with duty-cycle
ratings of 54 kV and above; or

b) Thelightning impulse classifying current for all other arresters.

Measurements shall be made on each connected section in the arrester. A connected section is any section of
the arrester in which there exists common electrical connections at the top and bottom of the parallel col-
umns, with no common electrical connection at an intermediate point. If the columns in a connected section
each contain more than one valve element (i.e., the parallel columns consist of anumber of “layers’ of valve
elements), measurements may be made on each individual layer, which together make up the connected
section).

Measurements may be either current or voltage according to the requirements described in 13.1.1 and 13.1.2.
13.1.1 Current measurements

The connected sections or valve element layers shall be subjected to a discharge current of any convenient
wave shape having a magnitude of 0.5-2 times the critical discharge current. The difference between the cur-
rents of any two columns shall not exceed the limit specified by the manufacturer. (For connected sections
having more than two columns, the test may be performed on pairs or other subdivisions of the total number
of columns, with appropriately adjusted current levels, provided that the current division in all possible pairs
of columns can be determined.)
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13.1.2 Voltage measurements

Discharge voltages shall be determined for each column in the connected section by measuring the discharge
voltage on each column or on individual valve elements within the column. Voltages shall be measured for a
discharge current of any convenient wave shape having a magnitude of 0.5/N-2/N times the critical dis-
charge current, where N is the number of columns in the connected section. The highest and lowest column
discharge voltages, Vo and Vi, taking into account measurement accuracy, shall be such that

Voo Viin< S7° (25)

min =
where

Sisthe manufacturer’s specified maximum ratio of currents between any two columns;
a is the maximum non-linear exponent of the valve elements in the current range specified above.

13.2 Discharge-voltage test

Thetest shall be applied to individual elements, sections, or complete arresters. The discharge voltage, when
corrected for inductive component effects, shall not exceed the maximum or be less than the minimum val-
ues specified by the manufacturer. The current magnitude shall be in the range of 0.1-2 times the lightning
impulse classifying current. The wave shape shall be from 4/10-8/20. When the classifying current or wave
shape is not used, the manufacturer shall provide the information on the derivation method used to calculate
the voltage levels.

13.3 lonization voltage test

This test applies to complete arresters or arrester units, but does not apply to liquid-immersed arresters. The
applied power-frequency voltage during thistest shall be at least 1.05 timesthe MCOV of the arrester. Satis-
factory absence from PD and contact noise shall be checked on each unit by PD or RIV methods.

13.4 Seal test

This test does not apply to liquid-immersed arresters, or to polymer-housed arresters that retain less than
10% of their volume in the form of gas. The arrester shall be tested to verify that the environmental seal
meets the manufacturer’s specifications.

Acceptable test methods are as follows:
a)  Vacuum over water;
b)  Helium-mass spectrometer;

¢)  Pressure or vacuum decay;
d) Haogen detection.

13.5 Power-frequency test
Thetest shall be performed on completely assembled arresters or arrester units. For distribution arresters, the

power-frequency voltage applied must be at least 1.25 x MCOV. For intermediate and station arresters, the
test voltage must be at least 1.20 x MCOV. The measured values of resistive current or watts loss shall not
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exceed the manufacturer’s specified limits. The voltage shall be applied for a minimum of 1s, and need not
exceed 30 s.1°

13.6 Power-frequency sparkover

This test applies only to gapped arrester designs that utilize grading currents of less than 1.0 A to cause
power-frequency sparkover. Thistest shall be performed on completely assembled arresters or arrester units.
The arrester sparkover must meet the manufacturer’s specifications.

15y sers should consult the manufacturer before exceeding 30 s.
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Annex A

(informative)

Basis for accelerated aging procedure

Based on Arrhenius life tests of metal-oxide block designs that increase in watts loss with time

a) 40 °C is a conservative weighted average use temperature for all except deadfront and liquid-
immersed arresters.

b) Theblock aging processis accelerated by elevated temperature.
Cc) Thetemperature acceleration rate is reasonably estimated by an acceleration factor, AFt

AF, = 2547/(9) (A-1)
where
AT isthe difference between test temperature and weighted average use temperature.
The weighted average use temperature is chosen to be the continuous maximum ambient temperature in the

genera vicinity of the arrester, as indicated in 4.1.1. Weighted average use temperature and accelerated
aging testsare given in Table A. 1.

Table A.1—Use conditions and test duration

Use Continuous use Test time hours (at
temperature (°C) 115 °C test temperature)
Liquid-immersed 95 7000
Deadfront 65 2000
All others 40 1000

Using the above formula, for a 40 °C average use temperature, a 1000 h test time caseis calculated in Table
A.2 for illustration. Results of similar calculations for all three cases are shown in Table A.2 as equivalent
time at continuous use temperature.

For the 40 °C case
AF o = 25179010 — 965 (A-2)

The 1000 h test at 115 °C is thus equivalent to

Equivalent 40 °C time = 1000 (h test) x 965 (accel eration)/24 x 365 (h/year) = 110 yr (A-3)
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Table A.2—Equivalent time by type

Equivalent time at
Use AFt continuous use
temperature (yr)
Liquid-immersed 6.25 5
Deadfront 97.70 22
All others 965.00 110

Per the standard test describing accelerated aging procedure, watts loss readings are taken at 2-5 h and com-
pared to fina readings at 1000 h, 2000 h, or 7000 h. The reason for not using readings at time zero is
explained as follows.

On initial energization at temperature, various compositions of metal-oxide blocks may change rapidly and
differently from their long-term character. Some compositions rapidly increase and some rapidly decrease to
a more stable stage and, thereafter, display their long-term characteristic. It is the long-term characteristic
that is of use for extrapolation to service life at continuous temperature. Based on this logic, the initial phe-
nomenaare ignored.
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Annex B

(informative)

Surge arrester classification prescribed test requirements

Table B.1 summarizes, for each arrester class, the minimum design test requirements for selected key design
tests.

Table B.1—Surge arrester classification prescribed test requirements

Rate voltage (kV) Table7
and Min. . Min.
oty | switching | high- | MY hign e
Class ing clsalxjs;%?/— cijri{ﬁ?t LC-DC | discharge glrjgé?rt pressure
chli:tI)elz MCOV culr(rAent ing sand (Alus) cap?bll- orolie | relief (A)?
KA1 current (kA) ity (KA)2
(A)
348 2.55-39 10 500 65 NA Table 11 40-65 600 + 200
54-312 42-245 10 500-1000 | 65 NA Table 11 40-65 600 £ 200
Station 396-564 | 318-448 15 2000 65 NA Table 11 40-65 600 + 200
576612 | 462-485 | 20 2000 65 NA Table 11 40-65 600 + 200
Intermediate 3-144 255115 | 5 500 65 NA Table 11 16.1 600 + 200
Distribution, 3-36 2.55-29 10 NA 100 250/ NA NA NA
heavy duty® 2000
Distributi onb 3-36 2.55-29 5 NA 65 75/2000 NA NA NA
normal duty
Distribution, 3-36 2.55-29 5 NA 40 75/2000 NA NA NA
light duty®

8Test values for arresters with porcelain tops have not been standardized.
Riser pole, liquid-immersed, and deadfront are arrester types, not classifications.
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