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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 111: Overhead, pad-mounted, dry vault, and submersible
automatic circuit reclosers and fault interrupters
for alternating current systems up to 38 kV

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide orgapizati 3 zation
conprising all national electrotechnical committees (IEC National Committees). kj is to
prgmote international co-operation on all questions concerning standafdization i icgl and
eldctronic fields. To this end and in addition to other activities, i q iong dards,
Tefhnical Specifications, Technical Reports, Publicly Available Specifications \PAS Feafter
referred to as “IEC Publication(s)”). Their preparation is entrusted tq tet nlcal \ CN btional
Committee interested in the subject dealt with may participatg” i . dtional,
goyernmental and non-governmental organizations liaising with the als i e i i ration.
IEC collaborates closely with the International Organizatiop s i 3 i e with

conditions determined by agreement between the two orgapizatigns.

2) The formal decisions or agreements of IEC on teghRical X ) ifgle, an
international ini 3 j i ittep has
refgresentation from all interested IEC NationaNCommittees.

3) IECQ Publications have the form of recommendati i S htional
Committees in that sense. While all reasongble a < i of IEC
Puplications is accurate, i si i i br any
miginterpretation by any end user.

4) In forder to promote intern i 3 i igations
trapsparently to the maximur el kled ir fa i icati . ivefgence
befjween any IEC Publicati € i i i icati Clearly

indicated in the latter.

5) IEC provides no i br any
eqpipment declared

6) Attention is drawn tQ't ject of
pajent rights. IECSh

International - has been processed through IEC | sub-

comnpitteg \ Hig tage ‘Switchgear and controlgear, of IEC technical committep 17:

Switdhgea

The text of this)standatd is based on the following documents:

IEEE Std FDIS Report on voting
C37.60(2003) 1ZA/Z37/EDIS 1ZA/Z48/R\D

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives.

The committee has decided that the contents of this publication will remain unchanged
until 2008.

The list of all the parts of IEC 62271 series, under the general title High-voltage switchgear
and controlgear, can be found on the IEC website.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of_an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special,,indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, yse~qf, or reliancg upon
this, of any other IEC or IEEE Standard document.

The IHC and IEEE do not warrant or represent the accuracy or content of the mé4 o in, and
expregsly disclaim any express or implied warranty, including any implied warragsit il itness
for a ppecific purpose, or that the use of the material contained herein is\free a infringgment.
IEC/IEJEE Dual Logo International Standards documents are supplied “AS |
The existence of an IEC/IEEE Dual Logo International Standard does not Mply tha ays to
produge, test, measure, purchase, market, or provide other goods dnd\sexvice of the
IEC/IE[EE Dual Logo International Standard. Furthermore, the viewpesi S e ti ard is
approJyed and issued is subject to change brought about through in the  state of the 4rt and
comments received from users of the standard.
Every |IEEE Standard is subjected to review at least evs i e isie i ion. When a
docunjent is more than five years old and has i d, ti i htents,
althouph still of some value, do not wholly refleckthe fprese : g i eck to
deternjine that they have the latest edition of 2
lishing and making this document availa E i dering
ional or other services for, or on behalf of, any pe 9 taking

to perform any duty owed by any other persgn o e other
IEC/IE[EE Dual Logo Internatio e of a

y y relate
to spegific applications. Whien the i i i i , itdte will

initi action to prepéare appropriate erned
interegts, it is impoo € { nhce of
interegts. For this reaseh E a t es are
not abje to provide an j er has
previopsly received fQ
Commients for revisi 0go International Standards are welcome from any interested| party,
regardless of m S ith the IEC or IEEE. Suggestions for changes in documents shoulq be in
the fom of a.proposed change together with appropriate supporting comments. Comments on stapdards
and requests forinterpketations\should be addressed to:

ry, |IE S is Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA fand/or

Autholization_te.*‘photocoepy portions of any individual standard for internal or personal use is granted py the
Institufe of/Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Cleargnce, Center. To arrange for payment of licensing fee, please contact Copyright Clearance (enter,
Customner Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to phofocopy
portions of any individual standard for educafional classroom use can also be obtained through the Copyright
Clearance Center.

NOTE Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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IEEE Standard for Overhead,
Pad-Mounted, Dry Vault, and
Submersible Automatic Circuit

closers and Fault Interrupters
fgr Alternating Current Systems
Up to 38 kV

Sponsor

Switchgear Com
ofl the

Abstracts. F i initions, ratings, procedures for performing design tests, production tests,
arld constructio ents for overhead, pad-mounted, dry vault, and submersible automgtic
cilcuit reclosers nterrupters for alternating systems up to 38kV are specified.
Keywords f, fault interrupter, overhead, pad-mounted, recloser, submersible, standprd
operating-duty, switehgear

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEEE Introduction

This standard has been revised from IEEE Std C37.60-1981, incorporating significant improvements
that reflect the present state of the art in recloser technology. These include changes and additions in

the following areas:

n)  Expanded the standard to include gas-insulated reclosers.
b) Revised the title and scope to limit the standard to 38 kV; deleted ratings 4
c) Added voltage ratings commonly used outside of North America

d) Added several new interrupting ratings in the 15.5kV, 27kV, and\38 k
£) Revised limits of temperature and temperature rise to be i

) Reorganized the switching tests into 6.3 following a forp

b) Removed the requirement for transformer magneti

k) Added new informagtive

Im) Restricted the ugeNQf sihgle-phasetesting fy three-phase performance.

n) Reduced radio influehce\yvaltage(RLY) Iimits.
0) Added P4 @; ig eas 2 xp and/production test.
p) Reduced dovvit d : ast titge from 15 min. to 5Smin.

bove38 kV-nemipal.

) Added transient recovery wQlt: specificafons and informative Annex C and Annex{ D.

fric

D98

Std

1247-1998.

h) Clarified the intent of the switching tests as refated requiredicapabilities and prohibited the juse
of single-phase tests to qualify thpée & 8IS 1 thr ormiance of the switching tepts.

) Removed the altitude correction ¥ . WRefer\to~the following paragraph and informative
Annex E.)

) iplisation factors from old 5.6 to new informative

Although this r&vist ill be published before the work on IEEE PC37.100.1, Dfaft
Sthndard Regu Power Switchgear [B13]° is completed, it is the intention of the Recldser
Working G oup ¥ 1SS\ \pplgments or revisions to adopt common requirements. There yas
considerab 3 inthe Recloser Working Group regarding the addition of the partial dischajrge
tegt reqiiremeny sesting that this topic should be revisited at the next revision cycle to see if jthe
data collecte and then shall warrant any changes in the test procedure or test limifs.

a . .
Information on references can be found in Clause 2.

bThe numbers in brackets correspond to the numbers of the bibliography in Annex F.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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for alternating current systems up to

1] Scope
Thi gubmersible single- or multifjole
al i ¢ ic circui ose 1d g | terrupters for rated maximum voltalges

al

In| impli is here ¢ term leclovm/FI (reclosers/FIs) has bgen
sul ¢ CIPg Y 1

N

2,

Thi onjunction With the following publications When the followjing
Py \

A erican National Standard for AC High-Voltage Circuit Breakers Rated op a
Symmetrical-Curreny Basis—Preferred Ratings and Related Required Capabilities.'

ANSK £37.06.1-2000, American National Standard Guide for AC High-Voltage Circuit Brealers

Voltage Rise Times.”

'ANSI 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).

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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ANSI C37.85-2002, American National Standard for Switchgear—Alternating-Current High-Voltage
Power Vacuum Interrupters—Safety Requirements for X-Radiation Limits.

ANSI (C57.12.28-1999, American National Standard for Pad-mounted Equipment—Enclosure
Integrity.

ANSI C63.2-1996, American National Standard for Electromagnetic Noise and Field Strength
Instrumentation, 10 kHz to 40 GHz—Specifications.

ASME BPVC-1998, Boilers and Pressure Vessels Code—Section VIII: Rules for Construction of
P{eSSUTe VesSsels—Division 12

IEC 60060-1-1989, High-Voltage Test Techniques—Part 1: General (D ions\, and | Test
Rpquirements.?

ITHC 60270-2000, High-Voltage Test Techniques—Partial Discharge

IHC 60502-1-2004, Power Cables with Extruded Insulation ahd Theu\)Akxcessories for Rated
Vpltages from 1 kV (U, =1,2 kV) Up to 30 kV (U, =36 kV)&Part I\ Cab Rated Voltagep of
1 kV (Un=12kV) and 3 kV (U,,=3,6 kV).

IHC 60502-2-2005, Power Cables with Extruded Insulatjoncand” Their/Accessories for Rated
Vpltages from 1 kV (U, =1,2kV) Up to 30 kV (U, E 3 2: Gables for Rated Voltages ffom

(Controlgear—Part 100: High-Volltage

IEC 62271-100-2003, High-Voltage \Sw

i%ar and

for Separable Insulated Connector Systems for Pojwer

andard for Interrupter Switches for Alternating Current Rated Above

IHEE Std*C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers.

ITHEE/Std C37.09-1999, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rdted

Q g 1 D .
omr= S Y IO IO AT T UTTUITT D AaSTST

2ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-
5990, USA (http://www.asme.org).

3IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131,
3, rue de Varemb¢, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the
United States from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York,
NY 10036, USA (http://www.ansi.org).

“The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics
Engineers, Inc.

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

®Edition2.2 Consolidated edition.

"Edition 1.1 Consolidated edition.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEEE Std C37.41™-2000, 1IEEE Standard Design Tests for High-Voltage Fuses, Distribution
Enclosed Single-Pole Air Switches, Fuse Disconnecting Switches, and Accessories.

IEEE Std C37.90.1™-2002, IEEE Standard for Surge Withstand Capability (SWC) Tests for Relays
and Relay Systems Associated with Electric Power Apparatus.

IEEE Std C37.100™-1992 (Reaff 2001), IEEE Standard Definitions for Power Switchgear.

NEMA 107-1987 (Reaff 1993), Methods of Measurement of Radio Influence Voltage (RIV) of High-
Voltage Apparatus.®

3] Definitions

The definitions of terms contained in this standard, and to the related stafdand S er/Fl hall
bq in accordance with IEEE Std C37.100-1992. These definitions gre inteny 9 all
pdssible meanings of the terms. They are applicable only to the sulby ed

uniit operation (of a recloser): An interrupting operation followe nal

inferruption is also considered one unit operation.

N@PTE—See Figure 1.

INITIATION OF
SHORT—CIRCUIT

ACTUATION OF
TRIP

INCTION PRIMARY ARCING-
[~ CONTACTS MAKE

INTERRUPT T
> UPTING TIME

\ ot

RECLOSING INTERVAL

RELEASE| OPENING
DELAY TIME ARCING YIME
e >

-

CONTACY
PARTING TIME

CLEARING TIME

— -

Figure 1—Unit operation

®NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112-5704,
USA (http://global.ihs.com/).

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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4. Service conditions

4.1 Usual service conditions

Reclosers/FIs conforming to this standard shall be suitable for operation at their standard ratings

provided that:

a) The temperature of the air (ambient temperature) is not above 40 °C or below —30 °C.

b) The altitude does not exceed 1000 m.

during occasional submersion. Exposure to chemical or electrochemicy
encountered in a subgrade environment. The subgrade environment may,d
contribute to mild corrosive reactions.

4.2 Unusual service conditions

Uhusual service conditions shall include, but are not limited
ddfined in 4.1 or extremes in:

n)  Actual service duty cycle

b) System conditions

) Site conditions

d) Shock and/or vibration

) Damaging fumes or vapors

) Excessive or abrasive dust

)  Explosive mixtures Qf dust 6r gase
h) Salt air or extreme huxidr

of|the equipment
Applicable standar

4.2.2 Altitudes above 1000 m

actions may
shemicdls t

that exceed th

Uhnusual service gonditions shall ughtto the attention of those responsible for the manufactjure

C) For submersible units, the water head does not exceed 3m above the base oI the enclosure

be
hat

0SC

1CC

Reclosers/FIs may be applied at altitudes higher than 1000 m; however, the rated lightning impulse
withstand voltage, rated maximum voltage and rated continuous current shall be multiplied
individually by the correction factor (see following note) to obtain values at which the application
may be made. The rated symmetrical interrupting current, related required capabilities, and

interrupting times are not affected by altitude.

NOTE—Altitude correction factors are being studied by the Switchgear Committee and will be adopted by issuance of a
supplement or revision to this standard when they are approved. In the meantime, users should consult the manufacturer for

appropriate derating when the equipment is applied above 1000 m. Refer also to Annex E.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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5. Rating

5.1 Rating information

The ratings shall include the following:

a) Rated maximum voltage

b) Rated power-frequency

¢) Rated continuous current
\ .

—Ratedmrinmtmunrtrippte-eurrent{(sertes-trip—reetosersontyy
) Rated symmetrical interrupting current

N Rated symmetrical making current

) Rated lightning impulse withstand voltage
h) Rated control voltage

NQPTE—Switching tests as specified in 6.3 are related required capabilities.

5.2 Rated maximum voltage

The preferred values of rated maximum voltage of re¢losees

Tdble 1a) and Table 1b).
Table 1a)—Preferred voltage ratings _and rel st@q
(except those sove in

ted
le
\/ Power-frequency insulation level
withstand test kV

(Warning Box and Note 3)

Rated maxim
Line no. volta

(Note 2) [\i\V 1 min. dry 10s wet
Column 1 CL{umn 2\ Column 4 Column 5
1 PIRE 36 30

2 LSS S 110 50 45
3 N\ / (Note 4) 60 50
4 N b 150 70 60

SN 12Y 75 28 23

AN
12 NS 95 38 32
13 N 24 125 50 45
02 36 170 70 60

MLARMNING.
YA O

When performing tests involving open contacts in vacuum, adequate precautions such as shielding or distance
should be used to protect test personnel against the possible occurrences of higher X-radiation due, for example, to
incorrect contact spacing, or to the application of voltages in excess of those specified. For example, maintaining a
distance of 2-3 m between the recloser/FI and all test personnel is a typical basic precaution to reduce the risk of
excess X-radiation exposure. Further discussion of shielding, adequate distances and personnel exposure limits are
found in ANSI Std C37.85-2002.

NOTES

1—The test values shown in Table 1a) are for design tests; refer to Clause 8 for field testing.

2—Lines 11-14 refer to distribution systems commonly found outside of North America; the test withstand levels were taken
from IEC 60694-2002, Table la).

3—These are performance characteristics specified as test requirements in this standard.

4—For oil interrupting reclosers, 150kV; for all others, 125kV.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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Table 1b)—Preferred voltage ratings and related test requirements for pad-mounted,

dry vault and submersible reclosers, and nonreclosing fault interrupters,
all with vacuum or SFg interrupters (Note 1)

Power-frequency insulation level .
Rated lightning withstand test kV Withstand test
Rated maximum | impulse withstand (Warning Box and Note 3) dc voltage kV
Line no. voltage peak voltage kV (Warning Box and
(Note 2) kV (Note 3) 1 min. dry 10s wet Note 4) 5min.
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
1
2 15.5 95 35 Not required 53
3 27 125 40 Not require(\ aN \7~§
4 38 150 50 Not reqéfirdd \| \0Notxy)
11 12 60 28 NN\ reqM )2
12 17.5 75 33 L Noamdl |\ 57
13 2% 95 50 Ny rediret 78
14 36 145 1 ] Newiged 103 (Note 3)
NN\ _2 /[ K

should be used to protect test personnel again
incorrect contact spacing, or to the application

01ﬁed For example mdmtdmmg a
plcal basic precaution to reduce the rlsk of

NOPTES

1—The test values shown inJable refer to Clause 8 for field testing.

2—Lines 11-14 refer to distfibijo ide of North America; the test withstand levels were tdken
frgm IEC 60694-2002 Tabl la)

3—These are perforn irements in this standard

4—DC withstand test ult and submersible gear since this type of equipment is interfacdd to
thd power system via s¥pg st requirements of separable connectors are specified in Table 1 of IEEE|Std
386-1995 and these values.are rdprod umn 6. DC withstand testing of 36/38 kV cables is not a recommerjded
prictice. Very low fréqud Wg is a rglatively new practice being used as an alternative to the dc withstand fest.
Reference IEEE Std ithstand test requirement on the recloser/FI demonstrates its capability to
wifhstand eithey/d dsting of connected cables.

5.8

The rated powes-frequency shall be the frequency at which the recloser/FI and its components [are

designed to\opera

5.

- Rated continuous current

e preferred rated power-frequencies are 50 Hz or 60 Hz.

The preferred ratings for the continuous current of reclosers/FIs are those shown in Table 2.

5.4.1

a)
b)

Conditions of continuous current rating

Reclosers/FIs shall be used under the usual service conditions defined in 4.1.
Current ratings shall be based on the total temperature limits of the materials used. A
temperature rise reference is given to permit testing at reduced ambient.

"The nu

mbers in brackets correspond to those of the bibliography in Annex F.
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Table 2—Preferred continuous current ratings for reclosers and fault interrupters

Recloser or fault interrupter type Preferred continuous current ratings (A)
5 35 200
10 50 280
Series-trip reclosers/FIs 15 70 400
25 100 560

140
50 280 560

Oil interrupting shunt-trip reclosers/FIs

100 400 /\120
100 sis AN s
200 40 \\_| '\ o

All other reclosers or fault interrupters %0 50\}\ \ \1\2\5W
>

the

5.4.2

A tal
te
5.
T} h a

to

ous
cu

5.

The preferred values for the rated symmetrical interrupting currents of reclosers/FIs are as given in
Table 4 for series-trip reclosers/FIs and Column 4 of Table 5a), Table 5b), and Table 6 for shunt-trip
reclosers/FIs.

The rated symmetrical interrupting current shall be based on the capability of the reclosers/FIs to
interrupt the corresponding asymmetrical current in circuits having X/R values as given in Columns 5,
7, and 9 of Table 5a), Table 5b), and Table 6 and with a power-frequency recovery voltage equal to the
rated maximum voltage and with transient recovery voltages as defined in 6.5.1.5.
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Table 3—Limits of temperature and temperature rise for various parts and

materials of reclosers/Fls

Total Temperature
temperature rise at
Nature of the part and material (Notes 1, 2, and 3) () ambient (40 °C)
0 (90 °C) 90 50
A (105 °C) 105 65
1. Material used as insulation and | B (130 °C) 130 90
netal narts in contact with
ihsulation of these classes ri v > >
(Note 4) H (180 °C) 180 ] 140
C (220 °C) 20 A 180
Oil (Note 5) /QQ\ \SQ
Bare copper and bare-copper alloy \ \ >
—in air / ')5\ \ \ 35
—in SF (sulfurhexaflouride) \ @N 65
—in oil SN\ W 40
N
Silver-coated or nickel-coated (N6te 7)
i air (O N\ g/ 65
21 Contacts (Note 6)
—in SF, (\NVL A \Jos 65
N
—in oil AR 50
Tin-coated (M 7) \_,/
—in air [/ N 105 65
—insE \ (N, N\ 105 65
(\ noil N DO 90 50
Bzﬁe-co er, ba Wy,
\t{are alfnml{m of\bart inum alloy
X‘\n ajr \ > 90 50
—in SE¢ 115 75
<=1n-0t 100 60
SL\\Q—coa d or nickel-coated
—in air 115 75
N~ in SF; 115 75
—in oil 100 60
Tin-coated
—in air 105 65
—in SF¢ 105 65
—in oil 100 60
1T OTher contacts or
connections made of bare metals or
coated with other materials (Note 9) (Note 9)
Bare- d bare- 11 90 50
5. Terminals for the connection to ATC7COPPET ANC DATe-cOPPer a70Y
external conductors by screws or Silver-coated, nickel-coated, tin-coated 105 65
bolts (Note 10) )
Other coatings (Note 9) (Note 9)
6. Metal parts acting as springs (Note 11) (Note 11)
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NOTES

I—According to its function, the same part may belong to several categories as listed in Table 3. In this case, the permissible

maximum values of total temperature and temperature rise to be considered are the lowest among the relevant categories.

2—For sealed interrupters, the values of total temperature and temperature-rise limits are not applicable for parts inside the

sealed interrupter. The remaining parts shall not exceed the values of temperature and temperature rise given in Table 3.

3—The temperatures of conductors between contacts and connections are not covered in Table 3, as long as the temperature at

the point of contact between conductors and insulation does not exceed the limits established for the insulating material.

4—The classes of insulating materials are those given in IEC 60694-2002.

5—The top oil (upper layer) temperature shall not exceed 40 °C rise or 80 °C total. The 50 °C and 90 °C values refer to the hottest

spot temperature of parts in contact with oil.

6—When contact parts have different coatings, the permissible temperatures and temperature rises shall be those of the part

having the lower value permitted in Table 3.

7—The quality of the coated contacts shall be such that a layer of coating material remains at the contact area:

l\;ué ar-breakmgtests \Af amny),

(b) After short-time withstand current tests;

(c) After the mechanical endurance test according to the relevant specifications for each piece of gquipment. Othérwise| the
contacts shall be regarded as “bare.”

8—}When connection parts have different coatings, the permissible temperatures and temperaturg/rise

haying the lower value permitted in Table 3.

9]

mgximum permissible temperature rises.

104-The values of temperature and temperature rise are valid even if the conductor t6 the

11

part

the

5.7 Rated symmetrical making current

The rated symmetrical making current shx ¢ ed symmetrical interrupfing
current, with maximum asymmetry carrespond ta/in Column 9 of Table $a),

cn
Hve

power terminals of the operating mechanisms with the maximjum
the preferred rated control voltages for the control power supply| of

5.10_Rated line and cable charging interrupting currents (where applicable)

The preferred line and cable charging interrupting current ratings for reclosers/FIs having these
capabilities are as given in Table 8.
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Table 4—Preferred values for symmetrical interrupting current ratings of series-trip

reclosers/Fls

Symmetrical interrupting current rating in amperes

Single-phase reclosers/FIs

Recloser line number (Table 4a)

1 | 2 | 3 | 4 | s | e | 7
Rated maximum voltage, kV

(ontimuous carrent Tatng (A) s 53 53 53 T70 TT0 I8

5 125 200 — — 200 \=

10 250 400 — — sooN| —

15 375 600 _ — 0N |\ R —

25 625 1000 1500 _ Yoo\ hoD\ R

35 875 1400 2100 — ] oy >l —

50 1250 2000 300 | AN 3000, \ 3000 —

70 — 2000 4000 SRt ™ Aooo —
100 _ 2000 4000 [~ 6000 2500 | 4000 6000)
140 — R 840D A 4000 8000
200 — Nagpo o0y |~ — 4000 | 8000
280 -~ - 40000 X400 - 4000 8000
400 — = \\ 10000 — — 8000
560 10000 _ _ 8000

NS V
X ﬁ\f\\
Three -phase reclosers/Fis
\/ Recloser/FI line number (Table 4b)
\{ N > | 3 | 4 [samao] s | 13
\ \ Rated maximum voltage, kV

Continuous (@,&% 15 155 15.5 155 | 155md 27 38

NN 125 200 — — — 200 —

N \\'Qk\ M| 250 400 _ _ _ 400 _

=\ 375 600 _ — — 600 —
25 N\ 625 1000 1500 1500 — 1000 1500
35 875 1400 2100 2100 — 1400 2100
50 1250 2000 3000 3000 _ 2000 3000
70 — 2000 4000 4000 — 2500 4200
100 — 2000 4000 4000 6000 2500 6000
140 — — 4000 4000 8000 — 6000
200 — — 4000 4000 8000 — 6000
280 — — 4000 4000 8000 — 6000
400 _ _ _ 4000 8000 _ 6000

560 — — — — 8000 — —

NOTE—Performance characteristics are the same as shown in Table 5a) and Table 5b) for the same line number.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=45ae2d9a484c9157dcbf3efbe45638f5

IEC 62271-111:2005(E)

— 18—

IEEE C37.60-2003(E)

‘SW Gf JO JUBISUOD W) B 10§ ZH ()9 10J L] PU® ZH (S 10§
"€002-09°LED PIS AT ‘PIepurls SIY) Ul SJUAWAIMDaI 159) sB payroads sonsLId),

"7°S°9 PUB 9°G 0} IOJOY SON[BA WNWIIUIW Tk

onfea y/x ‘sosodind 3591 104—¢
71 =¥/X ‘6 UWN[OD) 01 19Joy—C
RIRYD dourwIOfIad are 9sdy | —]

\V SHLON
8¢ 01 N7 D 8 ¥ 0008 095 8¢ L
4"
9 4! €1 0T § [43 € 0001 08T LT 9
89 i\ i N4 < 3 z 00T 001 Lz s
< </
8¢ 01 (T 310N) 0c P\/w Ww ¥ 00001 09¢ 9 ¥
$9 u u 0z N \N\QVJ € 000% 082 Sl £
% 4 o1 v ﬂN Xm\q J z 0002 001 sis1 z
001 0c 8 (04 14 y % \W 0S¢l 0S8 Sl !
A /(\ \ S[J/s1as010a1 aseyd-o[3uIg
11 uwnge) 0] umno) || ¢ uwnjo) g uwnjo) L uwnjo) 9 .:E._\U /g_,_ﬁm\ 4 V/JE__EU € uwmnjo) 7 uwnjo) 1 uwnjo)
suoperado suonesddo (€ 20N) suonesddo (€ 210N) suonerddo (€ PI0N) snonupuo)) AY ddejj0A ‘ou dury
jun jo jun jo dlx jun X jun wnuixeuw
Jdquinu [B)o], R_quinN JO quny Jo 1_quuiN parey
001{06 Ss-sp Ntsy” )
Super Sundniidjur Jo JudIRJ 7

(1 90N) Anp Sunerddo prepuels

o

%%

|10 aseyd-a|buis jo

sJasojoal Bundnuiaiul

) sSmte

solsLIalorIeyD douewiopad pue juaund Bundnuiaiul pajes eolslwAs

J SaN|eA pa.

19j01d—(es ajqel

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=45ae2d9a484c9157dcbf3efbe45638f5

— 19—

2005(E)

IEC 62271-111

IEEE C37.60-2003(E)

"7°$°9 PUB 9°G 0} IJOY SON[BA WNWIUIW Ik san[eA y/x ‘sesodind 1s9) 10,J—¢

'€002-09°LED PIS HAHI

"SW G JO JUBISUOD W) B 10§ ZH (09 10J L] Pu® ZH (S 10J $] =¥ /X 16 UWn[o)) 0} 19Joy—C

‘pIBPUR)S SIY} UI SJUSWAIMbAI 183) sk payoads sonjstaipereyd oueuriofiad are asay—

\/ SHION
00021 0cl1 8¢ 91
8¢ 01 (T OZN 0 3 8¢ 14 00091 09¢ 8¢ SI
0008 095 8¢ bl
29 0T QJ&%: \WN (> 8 8T b 0009 00 8¢ €1
4 \ 00021 09$ LT 2l
4 0008 0zI1 LT 11
8¢ 01 (T 210N) 0T 8¢ 14
00001 09S LT 01
73, 0008 095 Lz 6
89 4 4 e Y Of\\ sy z 00ST 001 LT 8
//\W 0TIl ¢l L
8¢ 01 (T 20N 0T 3 14 00091
\/\ 8 095 3 9
8¢ 01 (T 210N) 0z K \ S \ ¢ 0008 095 ¢Sl S
m\ 00 ¢l b
9 a a 0z 9 ¢ 000
% 08¢ S'SI €
89 4| 01 T S Nt \ 0002 001 3 z
001 0z 8 or v SA " @mﬁ 0S N I
,N \.m m\vvum&ooh aseyd-oary
11 uwnjo) 0] uwno) | ¢ uwmnjo) g uwnjo) L uwmjo) 9 uwnje) mA:\E___cU I3 E:VNA € uwnjo) 7 uwnjo) ] uwnjo)
suoperdo suonerddo (€ A0N) suonesado (€ AoN) suonesdde” \m 30 onupuo)) AY “98e)j0A ‘ou dury
un jo yun jo ¥ylx un y/x yun wnwrxew
Idquinu [B)o], J_quinN JO qunN Jo J_qunN > parey
001106 Ss—sp 0T-S1 W \ N V)ssubei oy

Super Sundniidjur Jo JuIDIG

(1 930N) Linp Sunerddo piepuels

|10 aseyd-aaiyy jo

sJasojoal Bundniisqul

ayaud—(qg ajqel

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=45ae2d9a484c9157dcbf3efbe45638f5

IEC 62271-111:2005(E)

—-20-—

IEEE C37.60-2003(E)

(q6 Q1qe] pue (BS 9[qeL YIM AouQ)sIsuod apraoid 0} papniour ST 31 {9 d[qB L UI Pasn JOU SI ¢ UWN[0D)—G

S5 PUE DL OISR

ST T o1e]

"UOTS0I0 Lﬁcoo 39[qISSTULIAE, SUTUTLIANOP 10J SPOYIAW S IINJOBJNURW O} IOJAY "UOISOI0 JOBIUOD AQ PIAINSEAU Sk JJI-J[BY sjuasaidol
‘SW Gf JO JUBISUOD W) B 10J ZH (09 0] L] PUe ZH (S 10]
"'€002-09°LED PIS AAAI ‘PIBPUBIS SIY) UL sJUAWAIINDAI 159) s payroads sonsLio)

sonjea y/x sosodind 159y 10—+

Anp Sunerado piepur)s oy]—¢

PT=¥/X 6 UWN[OD) 0} 1Y —T
eIRYD QOENE.HOM.HQQ AIe sy —1

SH4LON
0°0C S1
091 14!
911 91 (T 2% 9 8 24 14 — 8¢ pue 9¢
A a4 €l
4 \/ 0'8 <l
/\ —~ 00T 1
%) v 091 01
911 91 (T 210N) 9s 4 a4 — LT pue ¢ 6
001 8
\r.\ \V‘ ¢ :
N 08 L
<A @
091 S
911 91 (T @10N) 9s 8 1/ -
4l - ¢'L1 pue 4
0s ‘Sr el ¢
pel 91 Pl 09 L st ( 2,9 o C
81 81 01 89 s s 7| 2 A 0N I
11 uwmjo) 01 uumo) || ¢ uumo) § uumjo) L uumio) 9 uumje)) MNREW?U ¥ E.ﬁxw € uumjo) 7 uumjo) 1 uwmjo)
suonerdo suonedo (y a0N) suonesdo (¥ a0N) m=ou§vg\ \«m Jo (S 0N) AY 33ejjoA *ou JuI'|
Jun jo jun jo d/x jun y/x jun 4 pasn jJoN umuwrxew
Jdqunu [ejo], BENTILING Jo Joquny Jo 1dquny > parey
001106 SS—Sp (s r0N) cmlwﬁ y
Sunes Sundnidjul Jo JUDIRJ
(¢ pue [ sajoN) Linp Sunerddo prepue)s
Y4
(s191dnaiayul sJaydnaiayul

948 10 wnNoeA Yylm si4/s

|Iney Buisojoaiuou pue ‘si1asojoal ajqisiawqgns pue ‘ynea Aip ‘pajunow-ped Buipnjaul)

njeA patiayaid—9 ajqel

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=45ae2d9a484c9157dcbf3efbe45638f5

IEC

62271-111:2005(E) -21-

IEEE C37.60-2003(E)

Table 7—Preferred rated control voltage and ranges

Direct current (Note 1), control voltage ranges (Note 4 and Note 5)

NOT
1—It]
one d
2—24
batteq
3—In
4—R

volta;

. Closing and - .
Nominal voltage auxiliary functions Tripping function
24 (Note 2) 14-28 (Note 6)
48 (Note 2) 38-56 28-56 (Note 6)
125 100-140 70-140
250 200-280 140-280
Zttermatimgcurrent; tontrotvoltage ranges-(Nuote3; Note 4 amdNote Sy
Nominal voltage (50 Hz or 60 Hz) single-phase Closing, tripping, and auxilmﬁons
120 104-127 (N?té\s\) ~

240 2087254/@%@%\3) \
480 41 67508\({\10&3\)\ /

Polyphase < \ S
208 (Wye)/120 180 m)%kmfizo\my&z/lzw
240 \ \g@\—z\s\h\ >

480 / \4{61508\

480 (Wye)/277 [ 415 (Wye)40~508 (Wye)/292
N

ES
is recommended that the coils of closing, atiliary ippi ices that are directly connected continug
C potential should be connected to the negative 3 imiZe electrolyte deterioration.

V or 48 V tripping, closing, and auxiliary/functions 2 ominended only when the device is located ne

hat fuietion q

5—1Ir] some applications, recloser: may\be expesed to—eefitrol voltages exceeding those specified herein d
abnormal conditions spsh as g g. Such application requires specific study, and the maj
turer hould be consls, applications FIs containing solid-state control exposed continuously t
trol voltages approaching s Opper liny es specified herein require specific attention and the manufa
shoulfl be consulted befors apphicatiogis ntade

6—R|
age a

bclosers/Fls haviig selfsconta 1 sources shall operate over the range of 85% to 115% of nomina

ine and cable charging interrupting current ratings

y or where special effort is made to ensure the adéquacy okconductprs between battery and control terminald.
cludes heater circuits.

Ily to

ar the

to the

ue to
ufac-

con-
Cturer

volt-

x
\S‘> Maximum rms current (A)
Rated (111(1{;1 m voltage Line charging Cable charging
7.2 2 5
12 2 10
15.5 2 10
24 5 25
27 5 25
36 3 40
38 5 40
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6. Design tests (type tests)
Reclosers/FIs shall be capable of meeting the design tests described in 6.2 through 6.13 inclusive. Once

made, the design tests need not be repeated unless the design is changed so as to modify the
performance characteristics of the recloser.

6.1 General

6.1.1 Condition of device to be tested

The recloser/FI shall be new and in good condition, and tests shall be applied k¢
info commercial use.

put

6.1.2 Mounting of device

for
hall

The recloser/FI shall be mounted in a manner closely approxi
wlhich it is designed. If the recloser/FI normally requires con
bel connected during the tests observing the following mini

h) The control shall be mounted on the reclo or
positioned within 2m of the reclo

b) The recloser shall be connected & q i ’ ed
cable whose length shall be the maxium\al . i hot

exceed 6 m.

NQTE—If the control apparatus s\ pser

strjicture, it shall be considered f

6.1.3 Grounding of

All groundable pz ¢
atf
vVQ

=

bad
ind

T}
60

or

6.1.5, Control voltage

The Tectoser/F 1 shall perrorm satsractorily over the Tull range ol control voltages specined m able 7.

6.2 Insulation (dielectric) tests

Reclosers/FIs shall be capable of withstanding, without damage to the recloser/FI and associated
control apparatus, if any, the following test voltages when tested in accordance with 6.1 and as follows.

Insulation tests of reclosers/FIs shall be performed only when the recloser/FI is completely isolated
from all system voltages. Refer to 8.0 for field testing.
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6.2.1 Withstand test voltages

6.2.1.1 Lightning impulse withstand test voltage

The lightning impulse withstand test voltage shall be a 1.2 x 50 us voltage impulse in accordance with
IEEE Std 4-1995. The peak value shall be as given in Column 3 of Table 1a) and Table 1b). At least
three positive and three negative impulses shall be applied to the test device. If flashover occurs on only
one test during any group of three consecutive tests, nine more tests of the same polarity shall be made.
If the recloser/FI successfully withstands all nine of the second group of tests, the flashover in the first

group shall be considered a random flashover and the recloser/FI shall be considered as having
sugecessfally—passed—the—test—-an—additionalflashover—occurs—the—recloserElshall-be—considered

to| have failed. An alternate test procedure described in TEC 60060-1-1989 may be used in‘wijich
1§ impulses of each polarity are applied, with a maximum of two flashovers pe g

The following tolerances shall apply during these tests, unless otherwise

h) Design tests. Reclosers/FIs shall pass a full wave voltage imp

1) A virtual front time based on the rated full wave impul ag al t han
1.2 ps,

2) A peak voltage equal to or exceeding the pea
Table 1b), and

3) A time to the 50% value of the peak volta

ind

b) Conformance tests. When lig y 2 for
conformance tests, the recloser/FI\shal ape full wave impulse voltage fest
series with values and procedures as agreed\{o & R asef and the manufacturer subjec} to

the following

1) Std 4-1995

2) : X PR o withstand a peak voltage that exceeds its ratihg.
3) L 1 mi heNconformance tests an individual, successful withstand

e requirements of item a) of 6.2.1.1, it shalll be
unsuccessful withstand under the same conditipns

N inte i ddiumys a ve , there is a possibility that an open vacuum interrupter or vacuum gap|will
haye re E ¢ e actwm_inferrupter as much as 25% below the rated impulse withstand voltage of| the
red e _umigue\cha cterls ics of vacuum interrupters, the impulse current will pass through the open confacts
wi Q TRLs . 1mpulse sparkover of the open vacuum contacts may be followed by a flow of pqwer

cu

Pgwer-frequency withstand test voltages shall be applied with a peak value equal to 1.414 times |the
rafed_power-frequency withstand dry and wet test values given in Columns 4 and 5 of Table 1a) and
Tdhla 1b) with test durations of 60s for the drv test and 10s for the wet test Wet tests shall be madé in
accordance with TEEE Std 4-1995. Wet tests shall not apply to reclosers/FIs utilizing submersible
cables and terminations.

6.2.1.3 DC withstand test voltage

On reclosers/FIs using pad-mounted, dry vault, and submersible cable connectors, a dc withstand test
shall be performed in addition to the power-frequency withstand test in 6.2.1.2. When used, the test
voltage applied shall be the value given in Column 6 of Table 1b). DC or very low frequency test
voltages are used on cables that still may be connected to the switchgear. This design test is included to
verify that the switchgear can also withstand the same test voltage.
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Refer to Clause 8 for a discussion on field tests.

The dc power source for the dc withstand test shall be capable of supplying a minimum of 10 mA
before tripping out on overload. The test shall be considered to have failed if there is:

a) A leakage current of more than 10 mA, or
b) The test device is unable to withstand the voltage.

The test shall be considered to have passed if the test device withstands the test voltage with a leakage
current that does not exceed 10 mA.

NQPTE—These test criteria recognize the likelihood that a small leakage current may pass through 4
acijoss an insulating surface, while still supporting the high dc voltage. This is particularly true o

lating niediun], or

6.R.2 Electrical connections

h) On overhead reclosers electrical connections shall be made : y : in
each terminal. These bare wires shall project in such a nfs ind
value. Any necessary bends may be made at the te nections shall] be
made to the wires projecting from the terminals.

b) On pad-mounted, submersible and dry vault re all be made through a

¢ sned. If terminations capgble
er terminations (bushingl or

forming these tests.

6.2.3 Points of application of test vo tag%

Tgsts 1, 2, 3, and 4 sh: S s/FIs. Tests 1 and 2 shall be made on single-
pdle reclosers/FIs.

Tdst 1: With th
shpll be applied si

hoe

T4 on
o1 en,
re
T4 ber.
TI

Tdst 4:/With the recloser/FI open, the test voltage shall be applied to the terminal on one side of [the
m]ddle phase of the recloser. All other terminals, all tanks and groundable parts shall be grounded.
Then: reverse the connections of the middle phase

An alternate test procedure described in IEC 60694-2002, 6.2.5 may be used in which nine test
conditions are described with the possibility of omitting some conditions if certain symmetry of design
exists.

6.2.4 Temperature

Dielectric tests shall be made at the temperature attained under the conditions of commercial testing.
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6.2.5 Dielectric test procedures and voltage measurements

The dielectric test procedures and the methods of voltage measurement shall be in accordance with
IEEE Std 4-1995 and IEEE Std 4a-2001.

6.3 Switching tests

Switching tests are related required capabilities of the recloser. The tests are performed to demonstrate
the capability of the recloser/FI to interrupt all load currents up to and including the assigned rated
continuous current. For the purposes of this section, load currents include the capacitive component
of| currents associated with line and cable charging and the magnetizing cx of unlpagled
trgnsformers.

6.8.1 General

The switching abilities shall be stated in terms of

)  The test voltage
b) The test current
) The test circuit
) The number of operations
6.3.1.1 Condition of the recloser/Fl to be tested

The recloser/FI shall be new or in good (condition.

XS

ation of three-phase switching performance.®

6.3.1.2 Single-phase and
Single-phase testing is |

Fgr three-phase , el
pHase tests are madé, 3

e supply shall be grounded, but not both. If single-
on the test circuit.

6.
T4 ben
m ool
bg

R
p1i

ns,

6.3.144 Test current

Tle—Turrent tobe Tmterrupted siat—besymmetricat-witir regtigibtedcoffset—Tiecomtacts—of the
recloser/FI shall not be separated until transient currents due to the making of the circuit have
subsided.

For three-phase tests, the current is the average rms value of the currents interrupted in all poles.
The three individual pole currents shall not vary more than 10% of the average value.

8This standard is limited in scope to rated maximum voltages of 38 kV and below. Most test laboratories can handle the
switching test requirements of this standard without having to resort to single-phase testing for verification of three-phase
performance.
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The test current shall be equal to or greater than the rated value.

Table 9—Switching test duties

IEC 62271-111:2005(E)
IEEE C37.60-2003(E)

Test type Number of operations Test current
Load-switching 10 100% of rated continuous
Line-charging switching 20 100% of rated line-charging
Cable-charging switching 20 100% of rated cable-charging
6.3.1.5 Power-frequency test voltage
The power-frequency test voltage is the average of the phase-to-phase voltages) s e measujred
in|the interval between 1 cycle and 1.5 cycles after the final phase ar acceptdble
alfernate is the average of the phase-to-ground voltages multiplied by 1.
The test voltage in the case of three-phase tests on three-phase ¥eclosersphIs\ or “an single-phjase
re¢losers/FIs shall be equal to or greater than the rated maximpinihyoltagelof the xecloser. The three
inflividual phase voltages shall not vary more than 10% of
The rated power-frequency test voltage shall be mainta{ned(for at Isast O~Ls after arc extinction.
6.3.1.6 Test sequence
Rg¢closers/Fls are likely to be called upon tq switch Table 9 at any time throughput
their life. All tests outlined in Table 9 she perforingdon the same recloser, without maintenance,
anld in any order except that the load-switch
Equipment repairs may bé ated that such repairs would not influephce
thp cumulative conditipning effec
6.3.1.7 Conditio<z>
After completion s ghee fQr allythe switching test duties in Table 9, the recloser/FI shall
mget the condition
6.8.2 Test'dutie
6.3.2.1
The recloser shall\be capable of switching all load currents up to and including its rated Ipad
switching current™a aécordance with Table 9.
The {est-shall be conducted in accordance with IEEE Std 1247-1998, except that the test duty shal] be
asklshewn in Table 9 and as follows:
ated maximum voltage
a) For three-phase tests: Z, =10% to 20% (r maximum voltage) (1)
(v/3 test current)
. test voltage for single-phase test
b) For single-phase tests: Z, =10% to 20% ( vorag gep ) (2)
(test current)
¢) The “Test Current” in a) and b) above shall be the rated load switching current of the
recloser/FI.
d) The source impedance X/R shall be between 5 and 7;
e) The specified TRV shall apply for rated current tests;
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f) The source side circuit and the TRV circuit control components shall remain constant (as in a,
b, ¢, d, and e) for specified tests at less than rated current.

NOTE—In IEEE Std 1247-1998, the delta-connected circuit in Figure 1 and Figure 11 shows incorrectly the connection between
the top-phase load and the bottom-phase load.

6.3.2.2 Line charging current and cable charging current interruption tests

6.3.2.2.1 Purpose

Line charging current interruption tests are applicable to all reclosers for switching unloaded three-
for
ble

. The
nts

bing
arging

6.3.2.2.2 Line charging current test

The test shall be conducted in accordang¢e with I ¢ be
as|shown in Table 9.

6.3.2.2.3 Cable charging current test

TH ar itching\ cat ing
switchi i B Wit . Std
12 -

T . .‘ e om a single-phase circuit, wi ol e
th @» < " i i of
T

T} : 1 eri i ; o id an
ar N NN ) . . . ke-frec. availdble
la freuito gy X \ . . o ibes.
bu ) ; \ o ance. . . . alistic fleld
oV g iki i ififial
cifjcui i g 4 7-
19

Oyeryoltages caused by restriking in the laboratory may be substantially greater than thjose
exherienced in the field

NOTE—In IEEE Std 1247-1998, Figure 7 is incorrectly labeled as a single-phase test circuit; it is a three-phase test circuit.
Furthermore, the test circuit should not have a ground at the wye point.

6.3.2.2.4 Performance

The peak transient overvoltage produced during a cable or line charging current breaking test will not
exceed 2.5 times the peak line-to-ground voltage if the first pole to clear does not restrike. Recloser/FI
performance is acceptable if it successfully interrupts the required capacitive currents where the peak
transient overvoltage exceeds 2.5 per unit in no more that one out of 20 interruptions. The peak
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transient overvoltage for each test shall be measured between the recloser/FI disconnected terminals
and ground. The transient overvoltage factor for each test shall then be calculated by dividing the peak
transient voltage by the phase-to-ground peak value of the open circuit test voltage.

6.3.2.3 Transformer magnetizing current

It is assumed that a reclosers/FIs that has passed the load-switching and fault interrupting tests
specified in 6.3.2.1 and 6.5 will also interrupt unloaded transformer magnetizing currents
corresponding to a distribution transformer, rated 38 kV or less and also rated 2500 kVA or less;
therefore, no tests are specified. Refer also to the discussion in IEEE Std 1247-1998 and 6.5.1.5.3 for

1. — LA — ol L R
mercT dpplICatlull IHTUTIHAUUIT U UILS SUUJCUL.

6.4 Making current capability

The standard operating duty tests in 6.5.4 and 6.5.5 provide proof of the 3
thg rated symmetrical interrupting current of the recloser.

on

6.p Rated symmetrical interrupting current test

6.p.1 General

6.5.1.1 Condition of the recloser to be tested
TI

Three-phase testing is requi ¢ e poles operate from a common mechan sm
or|if the interrupting me Eng
inferruption. Convyersely, ifthe th 8 ng

medium does minagiom\{rom arcing between the phases during interruption, then
single-phase testi i

If c gts & ep When tesfing reclosers/FlIs intended for application on multigroungled
W) ) d load neutrals shall be grounded for one fourth of the ynit
of] Of Table 5a), Table 5b), and Table 6. Otherwise for three-phase tefts,
either th e supply shall be grounded, but not both. If single-phase tests are madg, a
ar tNshall & e test circuit.

F¢r threephase tests, the current is the average rms value of the currents interrupted in all poles. The
theeindividual pole currents shall not vary more than 10% of the average value. The current shall| be
calailated in accordance with TEEE Std C37 09-1999

The test current shall be equal to or greater than the rated value.

6.5.1.4 Power-frequency test voltage
The power-frequency test voltage shall be calculated in accordance with IEEE Std C37.09-1999.
The test voltage in the case of three-phase tests on three-phase reclosers or on single-phase reclosers

shall be equal to or greater than the rated maximum voltage of the recloser. The three individual phase
voltages shall not vary more than 10% of the average value.
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6.5.1.5 Transient recovery voltage (TRV) related to the rated short-circuit breaking current

The transient recovery voltage (TRV) related to the rated short-circuit breaking current is the
reference voltage that constitutes the limit of the prospective transient recovery voltage of circuits that
the recloser/FI shall be capable of withstanding under fault conditions.

6.5.1.5.1 Representation of TRV waves

The waveform of transient recovery voltages varies according to the arrangement of actual circuits. In
systems where reclosers are applied with a rated voltage up to 38kV, the transient recovery voltage
approximates to a damped single-frequency oscillation. This waveform is adequately represented by an

nd

e
a
pr
T}
ri
in
6.}
T}

velone consistine of two line seoments defined by means of two parameters a voltace parameter
+ = = + 2]

pduced by typical distribution circuits. Methods of drawing TRV envelopes afe given in Annex
le influence of local capacitance on the source side of the circuit breaker produces™a slower ratg
e of the voltage during the first few microseconds of the TRV. T ta i

roducing a time delay.

.1.5.2 Representation of TRV
le following parameters are used for the representation of

h) Two-parameter reference line (see Figure 2):
u. = reference voltage (TRV peak value), in ki
t3 =time to reach u., in microsecomds.

based on u X
t3 is derivedMT

Voltage
V)
U.; =
< Reference Lines
of specified TRV
u’ -
Delay line
of specified TRV
0

ts Time t(us)

ime parameter. This envelope is the straight line boundary of a TRV with the 1-cosine wave{shiipe

C.

of
by

tor

Figure 2—Representation of the specified TRV as a two-parameter line and a delay line
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b) Delay line of TRV (see Figure 6):
tq = time delay, in microseconds;
u' =reference voltage, in kilovolts;
/' =time to reach u', in microseconds.
The delay line starts on the time axis at the rated time delay 74 and runs parallel to the first
section of the reference line of rated TRV and terminates at the voltage «’ (time coordinate ¢).
ta=0.15 x t3, ' =u./3, and
¢ is derived from «, u. /t5 and t4 according to Figure 6, { = t4+ u//RRRV.

| in

prer COMBICHs i in [the
hre-pngro nd of
thef .

ral

grounded fault.
the first phase

L. . Interrupting
Table > 1 or 3 poles Application Type of device current
Table 10a) 3 Overhead-line Recloser >4000 A
Table 10b) 1 connected circuits Recloser 4000 A
Table 10c) 3 Recloser >4000 A
Cable-connected circuits
Table 10d) 1 Recloser >4000 A
(?verhead—hne and Reclosers <4000 A
Table 10¢) 3 cable-connected circuits
Cable-connected circuits Fault interrupters All ratings
Qverhead-llne and Reclosers <4000 A
Table 10f) 1 cable-connected circuits
cable-connected circuits Fault interrupters All ratings
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Table 10a)—Standard values of prospective transient recovery voltage representation
by two parameters for three-phase reclosers with rated fault currents >4000 A rms
in overhead-line-connected circuits

TRV
Rated First-pole-to- Amplitude peak Time Rate
voltage clear factor factor value | Time delay Voltage | Time of rise
U, kpp kar U, t3 tq u I U,/ts
Test
(kV) duty (kV) | (ps) (ps) (kV) (us) | (kV/ps)
12 T100 1.5 1.54 22.6 29.4 4 7.5 14 0:71
12 T50 1.5 1.68 247 | 170 3 8.7 [\8 143
12 T20 1.5 1.77 26.0 11.8 2 ﬁ\) ( 6 2.21
15.5 T100 1.5 1.54 29.2 332 5 \N }6\ 0.8§
15.5 T50 1.5 1.68 319 19.3 }/\ IN \9\ 1.6
15.5 T20 1.5 1.77 33.6 133 2 \\}\{.2\ \6/ 2.53
17.5 T100 1.5 1.54 33.0 35.1 1 5 \ N 17 0.94
17.5 T50 1.5 1.68 36.0 /ﬁ4 3 b }2.0 10 1.71
17.5 T20 1.5 1.77 38.0 | K14.§ } R \1/5,7 7 2.74
24 T100 1.5 1.}4/\ N 41.5/ ( \6 R 15.1 20 1.09
24 T50 1.5 1.%8\ §39\3 241 4) 16.4 12 2.0
24 T20 1.5 1.77/L }2\1 I\G\Q 2 17.4 8 3.13
27 T100 1.5 1.5& (N\og\ \@) 7 17.0 22 1.14
27 T50 1.{ KM\ 5)5 >5.9 4 18.5 13 2.14
27 T20 NS A7 58.6) 17.9 3 19.5 9 3.279
36 T100 le\/\ \QN 67.9 53.5 8 22.6 26 1.27
36 TSO& > <5 1.68 74.0 31.0 5 24.7 15 2.39
36 T20 ,\< \I\i \/\L\W 78.1 21.4 3 26.0 10 3.64
38 T10(< \\5 \1/_;4 71.7 55.4 8 239 27 1.29
38 m \1.5 1.68 78.1 322 5 26.0 16 2.43
38 %\’{0 A\ 1) 1.77 82.4 223 3 27.5 11 3.7
Nem}i\gl»}s in the table Calculated values in the table
/. = Rated W U.=TRYV peak value
Hpp = First=pole-to-clear factor U =kpp X kap xsqrt(2/3) x Uy
HppZ 55 Ue=kpp Xky x 0.8165 x U,
<= Amplitude factor Lz=Time to U
kar(T100) = Specified = 1.54 t3=U./RRRV
kaf(T50) = ko(T100) x 1.09=1.68 tq=Time delay for the delay line
kar(T20) = k,((T100) x 1.15=1.77 tq=0.15x 13
RRRYV = Rate of rise of recovery voltage ' = Voltage point for the delay line
RRRV(T100) = Specified ' =U/3
RRRV(T50) = RRRV(T100) x 1.88 ¢ =Time to /
RRRV(T20) = RRRV(T100) x 2.87 ! =tq+u/JRRRV

NOTE—The TRV values are calculated for ungrounded systems and they cover grounded systems as well.
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Table 10b)—Standard values of prospective transient recovery voltage representation by
two parameters for single-phase reclosers with rated fault currents >4000 A rms
in overhead-line-connected circuits

TRV

Rated First-pole-to- Amplitude peak Time Rate
voltage clear factor factor value | Time delay Voltage | Time of rise
Ur kpp kaf Uc 13 tq Ll, Il Uc/’}

Test
(kV) duty (kV) (ps) (us) (kV) (us) | (kV/us)
2 TT00 732 33 %1 1 330 3 7 T 07
12 T50 1.732 1.68 28.5 19.7 3 9‘_7/“ 10 149
12 T20 1732 1.77 301 | 136 2 NS
155 | T100 1.732 1.54 338 | 384 AR N
155 | TS0 1.732 1.68 368 | 222 3 N3N N6
155 | T20 1732 1.77 388 | 154 < A\ | 253
~N

175 | T100 1732 1.54 381 | 405 ¢ e\ N7 20 0.94
175 | T50 1732 1.68 as | st e N oS 1 1.77
175 | T20 1732 1.77 1338 | (16 NS 136 8 2.7

7 17.4 23 1.09

2% T100 1732 1.54 525\ \usd /

]
az
7

24 T50 1732 1.66 &7Y 19.0 13 2.03
2% T20 1732 1.77 o | \92 J 200 9 3.13
27 T100 1732 Lsg | sdE RS 8 19.6 25 1.14
27| TS0 1.732 L6}, AR 214 4| 214
27 T20 170 T\ | 207 3 25 10 3.27
36 T100 NN 9 26.1 30 1.2
36 10 L Uy NN WS\ Nsss | 3ss 5 285 17 2.39
36 2K | > K732 BN N\ 902 | 247 4 30.1 12 3.64
33 | 1100 [ NN\ DOM S | 28 | 642 10 27.6 31 1.29
38 150 (] \ \ 732 L% 902 | 372 6 30.1 18 2.43
3 | e N\ 1.77 952 | 257 4 317 12 3.70

Spm V\\lueM table Calculated values in the table

U.=TRYV peak value
Uc = kpp X kap X sqrt(2/3) x U,
Ue=kpp X kar X 0.8165 x U,

.r = Amplitude factor t3="Time to U,

L.{(T100Y = Specified = 1.54 t3="U./RRRV
l‘“f\’T‘<n\ —L MJ\’T‘Inﬂ\ 100 __16% fu —Time Aploy forthe delav lin
kar(T20) = k,((T100) x 1.15=1.77 ta=0.15x1
RRRYV = Rate of rise of recovery voltage ' = Voltage point for the delay line
RRRV(T100) = Specified ' =U3
RRRV(T50) = RRRV(T100) x 1.88 {' =Time to '
RRRV(T20) =RRRV(T100) x 2.87 { =t4+u/RRRV

NOTE—The TRYV values are calculated for ungrounded systems and they cover grounded systems as well.
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Table 10c)—Standard values of prospective transient recovery voltage representation by
two parameters for three-phase reclosers with rated fault currents >4000 A rms
in cable-connected systems

TRV
Rated First-pole-to- Amplitude peak Time Rate
voltage clear factor factor value | Time delay Voltage | Time of rise
Ur kpp kaf Uc 13 tq Ll, Il Uc/’}
Test
(kV) duty (kV) | (ps) (ps) (kV) (us) | (kV/ps)
12 T100 1.5 1.54 22.6 59.6 9 7.5 29 0:.39
12 TS50 1.5 1.68 24.7 34.5 5 8.7 ™7 0,71
12 T20 1.5 1.77 26.0 23.9 4 /8\{ A 12 1.09

155 | T100 15 1.54 22 | 664 AR N

155 | TS0 15 1.68 319 | 385 B NNy N N 083

155 | T20 15 1.77 336 | 266 & A N3 | 129

175 | Ti00 1.5 1.54 330 | 702 ¢ W\ RN 34 0.47
175 | T50 15 1.68 360 | g h e N \2Ag 20 | 08
175 | T20 1.5 1.77 380 |2, 3 1)7 14 1.39
24 T100 1.5 1.54 s \s23/] 3 5.1 41 0.54

2% T50 15 1.66 A3 P asd{ U] 164 23 1.0

2% T20 15 1.77 a0 N\@e . S 17.4 16 1.59

27 T100 1.5 1.57('A 5}.\{\ 85\?\ 13 17.0 43 0.57

27| TS0 15 L6}, AR 18.5 25 1.07

27 T20 1< T\ | 358 5 19.5 17 1.64

36 T100 NS S A 0R679 ) 1078 16 2.6 52 0.63
(13

36 T50 A \}\68\\ 74.0 62.5 9 24.7 30 1.1§

36 | 2K D> ds N N 781 | 432 6 26.0 21 1.81
33 | 1100 [ OO | 717 | 1103 17 23.9 53 | 063
38 150 ] \\u L% 781 | 639 10 26.0 31 1.22

5
3 | e N\ 1.77 824 | 442 7 27.5 21 1.87

Spm V\\lueM table Calculated values in the table

U.=TRYV peak value
Uc = kpp X kap X sqrt(2/3) x U,
Ue=kpp X kar X 0.8165 x U,

.r = Amplitude factor t3="Time to U,

L.{(T100Y = Specified = 1.54 t3="U./RRRV
lmf\"l"<ﬂ\ —L MJ\’T‘Inﬂ\ 100 __16% fu —Time Aploy forthe delav lin
kar(T20) = k,((T100) x 1.15=1.77 ta=0.15x1
RRRYV = Rate of rise of recovery voltage ' = Voltage point for the delay line
RRRV(T100) = Specified =0.5 x RRRV overhead lines ' =U/3
RRRV(T50) = RRRV(T100) x 1.88 {' =Time to '
RRRV(T20) =RRRV(T100) x 2.87 { =t4+u/RRRV

NOTE—The TRYV values are calculated for ungrounded systems and they cover grounded systems as well.
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Table 10d)—Standard values of prospective transient recovery voltage representation
by two parameters for single-phase reclosers with rated fault currents >4000 A rms
in cable-connected systems

TRV
Rated First-pole-to- Amplitude peak Time Rate
voltage clear factor factor value | Time delay Voltage | Time of rise
U, kpp kar U, t3 tq u I U,/ts
Test
(kV) duty (kV) (ns) (us) (kV) (ns) | (kV/ps)
W) TT00 1732 153 %1 | 633 0 37 T3 .33
12 T50 1732 1.68 285 | 399 6 9.5 N9 071
12 T20 1732 1.77 301 | 276 4 YN 1.09
155 | T100 1732 1.54 338 | 767 AN N
155 | TS0 1.732 1.68 368 | 445 7 NN N 083
155 | T20 1732 1.77 388 | 307 g e\ Nus> | 129
175 | Ti00 1732 1.54 31 | s ¢ O\ NU27 39 0.47
175 | T50 1.732 1.68 ss | ot O N e 23 0.88
175 | T20 1732 1.77 e 5 136 16 1.39
24 T100 1732 1.54 2\ \osd/| s 17.4 47 0.54
2% T50 1732 1.66 & P sedkf Usp ] 190 27 1.0
24 T20 1.732 1.77 o [\@3 4 200 19 1.59
27 T100 1732 Lsg | osdeoRdode | 1s 19.6 50 0.57
27| TS0 1732 L6}, A ZKEE 214 29 1.07
27 T20 170 T\ DIE 6 25 20 1.64
36 T100 2N\ s R84 ) 1244 19 26.1 60 0.63
36 10 L Uy N\ R0 W\ Nsss | 722 T 285 35 114
36 2K | > K732 BTN N 902 | 499 7 30.1 2% 1.81
33| 100 [ NN\ DO | 28 | 1273 19 27.6 62 | 063
38 150 (] \ \ 732 L% 902 | 738 1 30.1 36 1.2
3 | e N\ 1.77 952 | 510 8 317 25 1.8
Spm V\\lueM table Calculated values in the table
U.=TRYV peak value
Uc = kpp X kap X sqrt(2/3) x U,
Ue=kpp X kar X 0.8165 x U,
.r = Amplitude factor t3="Time to U,
| (@007 = Specified — 1.54 ty= U./RRRV
](“f\T<n\—I‘“{T1nn\ 1.00__ 168 fu—T;mn rlploy forthe delay Lin
kar(T20) = kot T100) x 1.15=1.77 fa=0.15 % 13
RRRYV = Rate of rise of recovery voltage ' = Voltage point for the delay line
RRRV(T100) = Specified =0.5 x RRRV overhead lines ' =U/3
RRRV(T50)=RRRV(T100) x 1.88 { =Time to u'
RRRV(T20) = RRRV(T100) x 2.87 { =14+ 1 |RRRV

NOTE—The TRYV values are calculated for ungrounded systems and they cover grounded systems as well.
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Table 10e)—Standard values of prospective transient recovery voltage representation by
two parameters for three-phase reclosers with rated fault currents < 4000 A rms in both
overhead and cable-connected systems and three-phase fault interrupters of all interrupting
ratings in cable-connected systems

Rated First-pole- Amplitude TRV . Time Voltag . Rate of
voltage Test t(f);zif;r factor 3:::] lz Time delay e Time rise
duty =
U, kop kar U, 13 14 o’ t U/t
(kV) kV) (us) (us) kV) (us) (kV/us)
1P 160 +5 54 556 HF6 8 75 57 6393
1p T50 1.5 1.54 22.6 117.6 18 75 NG 0193
1p T20 1.5 1.54 22.6 117.6 18 }5& 5\7\ 0.]93
13.5 T100 1.5 1.54 29.2 1329 20 /\\9\7 64 0.220
14.5 T50 1.5 1.54 29.2 132.9 20 §\7 64\ 0.220
1.5 T20 1.5 1.54 29.2 132.9 zg 9.7\ 62t> 0.220
115 T100 1.5 1.54 33.0 140.5 21 \h\.o N8 0.235
115 T50 1.5 1.54 33.0 140.5 21 \W 68 0.235
115 T20 15 1.54 33.0 1}0.5 2 1\\0 68 0.135
W T100 1.5 1.54 453 1 \66.5 . 25\ NS 80 0173
H T50 1.5 1.54 45.% \566/.1 / ( \fs L 151 80 0.373
.11 T20 1.5 1.54 \ \<5<3\ \{66.1 \ \/25) 15.1 80 0.173
217 T100 1.5 154 N\ 50\.9\ 1.6 17.0 90 0.185
27 T50 1.5 1.54 ( 509 \\\1<8.6\ 28 17.0 90 0.185
A1 T20 1.5 1.54 \5\0.9\ \1(8\6/ 28 17.0 90 0.285
36 T100 15 \ (1.54 679~ \\2/3.9 32 22.6 103 0.318
3 T50 1N 15N\ JOOR_J 2139 32 22.6 103 0318
36 T20 1.§ \ SN 67§) 213.9 32 22.6 103 0318
3R T100 /1.5\ \ 1 3\4\ .7 222.2 33 23.9 107 0.323
38 T50 1.5 5 71.7 2222 33 23.9 107 0.323
38 T20 <A\N\ \1.\5):\/ 71.7 2222 33 23.9 107 0.323
i i Calculated values in the table
U, U.= TRV peak value
kop Ue = kyp X ko x 5qrt(2/3) x U,
kpp Ue = kpp X kyp x 0.8165 x Uy
ko 7 t3 = Time fo U,
kor (JL100)="Specified = 1.54 t;=U/RRRV
kar (IF5Q) = Specified = 1.54 tq= Time delay for the delay line
kor (F26="Specificd=15% Tq— U 19 X713
RRRV=Rate of Rise of Recovery Voltage u’ = Voltage point for the delay line
RRRV(T100) = Specified = 1/4 x RRRV overhead lines w=UJ/3
RRRV(T50) = RRRV(T100) ¢ = Time to u/
RRRV(T20) = RRRV(T100) =ty + u'/RRRV

NOTE —The TRV values are calculated for ungrounded systems and they cover grounded systems as well.
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Table 10f)—Standard values of prospective transient recovery voltage representation by
two parameters for single-phase reclosers with rated fault currents < 4000 A rms in both

overhead and cable-connected systems and single-phase fault interrupters

of all interrupting ratings in cable-connected systems

Rated First-pole- Amplitude TRV . Time Voltag . Rate of
voltage Test t(f);zif;r factor ‘IIJ:::] lz Time delay e Time rise
duty =
U, kop kar U, f3 14 o’ t U/t
(kV) (kV) (us) (us) kV) (us) (kV/us)
1 100 +732 54 26+ 1358 26 A 66 6393
1p T50 1.732 1.54 26.1 135.8 20 8.7 /TN 66 0193
1p T20 1.732 1.54 26.1 135.8 20 §(7\\ 66\ 0.]93
13.5 T100 1.732 1.54 33.8 153.4 23 /\1\3 74 0.220
14.5 T50 1.732 1.54 33.8 153.4 23 1\1\3\ 74\ 0.220
1.5 T20 1.732 1.54 33.8 153.4 2{ \13\ 72t> 0.220
115 T100 1.732 1.54 38.1 162.2 24 \1‘2\7 N2 0.235
115 T50 1.732 1.54 38.1 162.2 24 \N 78 0.235
115 T20 1.732 1.54 38.1 1;(2.2 2 13\7 78 0.135
W T100 1.732 1.54 523 ] \91.% . 21>\ 174 93 0173
P11 T50 1.732 1.54 523 \P(s / ( \%9 L 174 93 0.373
i1 T20 1.732 1.54 \ \§2<§\ @1.8\ \/29) 17.4 93 0.173
21 T100 1.732 154 N\ 58\.8\ ZQQ 19.6 104 0.285
27 T50 1.732 1.54 ( S838 \\\@6\ 32 19.6 104 0.185
A1 T20 1.732 1.54 \5\88\ \@\@/ 32 19.6 104 0.285
36 T100 1.732 (1.54 8% \\2/6.9 37 26.1 119 0.318
3 T50 LB 15N (OB 2469 37 26.1 119 0318
36 T20 1.&2 \ SN Y 78\.51 246.9 37 26.1 119 0.318
38 T100 /739\ \ 1.3\4\ 828 256.6 38 27.6 124 0.323
38 T50 73 5 82.8 256.6 38 27.6 124 0.323
38 T20 <A§\’7§\2\ }sﬁ\/ 82.8 256.6 38 27.6 124 0.323
i Calculated values in the table
U, U.= TRV peak value
kop Ue = ki X o x 5qrt(2/3) x U,
kpp Ue = kpp X kyp x 0.8165 x Uy
ko 7 t3 = Time fo U,
kor (JL100)="Specified = 1.54 t; = U/RRRV
kar (IL5Q) = Specified = 1.54 tq= Time delay for the delay line

kor (F26="Specificd=15%

RRRV=Rate of Rise of Recovery Voltage

RRRV(T100) = Specified = 1/4 x RRRV overhead lines
RRRV(T50) = RRRV(T100)

RRRV(T20) = RRRV(T100)

T 0.5 X713

u’ = Voltage point for the delay line
u=UJ/3

£ =Time to v’

£ =t4+ u'/RRRV

NOTE —The TRV values are calculated for ungrounded systems and they cover grounded systems as well.
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voltage. This accounts for the fact that with a large separation in the times at which the interrupters
open, the worst case is that one interrupter sees the full phase-to-phase voltage.

For actual single-phase operation with a single-pole recloser/FI, the circuit is typically connected from
phase to neutral. In this case, the first phase to clear factor of 1.0 is used making the voltage
experienced by the first phase to clear equal to 1.0 times line to neutral voltage.

For reclosers where the rated short-circuit breaking current is >4000 A rms, and the recloser is applied
in circuits connected by overhead lines, the TRV values are essentially the same as those specified in
the power circuit breaker standards IEEE Std C37.04-1999 and ANSI C37.06.1-2000. TRV values for

thfse applhications are covered 1 lable 10a) and lable 10D).

For reclosers where the rated short-circuit breaking current is >4000 A rms, but the rec
infcircuits connected by cables, the TRV values have RRRV values that are/hal
e applications. The added capacitance of the cables slows down the PRV or these
applications are covered in Table 10c) and Table 10d).

i

=

qQser iS\applied
these fox @verhepd-

For reclosers where the rated short-circuit breaking current is <4Q00NM rms,>8 8 th ris
aplplied in circuits connected by either overhead lines or cables ! % ] ues
thht are a quarter of those for applications where the rated sh q i D A
rnps, and the recloser is applied in circuits connected ines. for
applications where the rated short-circuit breaking curr! ! derlved from the fluse
standard IEEE Std C37.41-2000. The TRY values fdr these? Q ind
Tqble 10f).

F¢r fault interrupters of all interrupting
apply based on a cable-connected circuit.

nall

In| the cases where a reck } is i i i i ere
conditions, the valuesama pasticularly : is dire¢tly
col ' ely
50% or more re-
cigble addition NSI
C37.06.1-2000.
T} h a
te alue.
H RV
re E at
sh
6.

ly,

all currents from a leue equal to the lowest minimum  trip settmg up to dnd 1nclud1ng the rated
symmetrical interrupting currents shown in Table 5a), Table 5b), and Table 6.

a)

b)

At any degree of asymmetry corresponding to the X/R values given in Columns 5, 7, and 9 of
Table 5a), Table 5b), and Table 6. For currents other than tabulated, the minimum X/R values
shall be determined by interpolation or extrapolation.

At a test voltage such that the power-frequency recovery voltage is at least:

1) For single-phase reclosers, the rated maximum voltage.
2) For three-phase tests on three-phase reclosers, the rated maximum voltage.
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¢) With TRV values as shown in Table 10 except for three-phase tests where both the source and
load are grounded, in which case the TRV peak shall be 0.667 times the values listed in the
tables (see 6.5.1.2).

d) At the minimum control voltage for which a shunt-trip recloser is designed, except that this
provision does not apply to electronic controls with self-contained dc power sources.

e) With either terminal connected to the line conductor unless the line and load terminals are
identified on the device such as a potential closing coil device. In this case the source side must
be connected to the source voltage.

Test reports shall record the actual inherent TRV values of the test circuit along with the voltage and

current values of each individual test operation. See note below.

N
Tal
in

6.

Sy
in
by
T4

additi

T} ati i in 6.5. t S xerification of the rajted

TE—Test laboratories may not be able to meet the small values of #3 at the T20 current lgxels
ble 10b). The shortest time that can be met should be used but not less than the value specified{ The vajues
he test report.

given iM\Jrable/10a) [and
sthted

6.3 Verification of rated symmetrical interrupting curre

WO
iped
, 4and
StS,

6.5

6.%

Ti in
C ble
Sal),

F ble
6, han
ra

Ti ing
at ing
infervals-are adjustabsle, these shall be set for the minimum reclosing intervals for which the reclosdr is

designed but not faster than the recommendations given in the manufacturer’s operating instructiqns.

The X/R ratio ol the test circuit shall not be Iess than that given in Columns o, 7, or 9 ol lablc >a),

Table 5b), and Table 6.

The test circuit shall be capable of providing inherent TRV values as shown in Table 10a), Table 10b),
Table 10c), Table 10d), Table 10¢), and Table 10f). These TRV values are based on the inherent
characteristics of the test circuit, unmodified by the recloser interrupter. At the 100% test current level,
the TRV values shall be no less severe than described in Table 10a), Table 10b), Table 10c), Table 10d),
Table 10e), and Table 10f). The power-frequency recovery voltage shall not fall below the maximum

°The term fast implies that no intentional delay is added by the control. For additional information, see footnote to 6.11.3.
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rated voltages as given in Column 2 of Table 5a), 5b), and 6, and shall be held for 1 s after final
interruption.

6.5.4.2 Test procedure

Power shall be applied to the recloser when in the closed position and then the recloser shall open and
reclose until the lockout position is reached. This series of operations shall be repeated a sufficient
number of times to obtain the number of unit operations specified in Columns 6, 8, and 10 of Table 5a),
Table 5b), and Table 6.

- syt L 1 - L e . 1 1 - 1 111 ke h N 1l - e Ll .
P( WUL TIIIUIAUIUIT TOT TACUIT SUTITS Ul UPCI AUIUILS TU TOUCRKUULU SIdAITl UC ULIIICU TU yu}uuuc TITAATIITUIIT OTISUT mn
thp first loop of current with random timing permissible on subsequent closings of each series,

T} set
co an
of] [he
as nt,
an nit
of

6.

Tl of
T3 PSt.
(0] be
ra the
ra

6.

After completio?hﬁ i nall
meet the conditio

6.

Ré¢clos hen
tegted a

6.6.1 Test-circuit

The'xecCloser/FI shall be connected to a low-voltage power source of alternating current with a mehns
for raising the current through the recloser.

6.6.2 Test procedures

With the recloser/FI set for an instantaneous trip, quickly inject a current through the recloser/FI
that will cause a value of approximately 80% of the anticipated minimum tripping current to flow.

""Maximum offset in the first loop shall be considered obtained in a circuit with the specified short-circuit power factor, or X/R
ratio, if power is initiated at voltage zero with an allowable deviation of =+ 10 electrical degrees.
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Then raise the current slowly at a rate requiring at least 10s to reach the nominal minimum tripping
current. Continue increasing the current at the same rate until the recloser/FI operates, as indicated by
the cessation of current. The maximum current reached is the minimum trip current.

6.7 Partial discharge (corona) tests

Partial discharge tests shall be performed on all reclosers/FIs that use a nonrestoring dielectric as the
primary insulation (e.g., solid dielectric). These tests shall be performed in accordance with IEEE Std
1291-1993. The minimum detection sensitivity for which these tests are conducted shall be 10 pC

6.7.1 Test voltages and limits

The test voltage shall be 105% of the line-to-ground voltage corres
vdltage of the recloser/FI. Reclosers/FIs having two or more volta
of|the highest voltage rating given on the nameplate.

P4rtial discharge limits have not been established. The purpose { ixn test is to establish a
st : cers and users of [the
equipment. It is anticipated that this data will provide\g 1 futyre revisions to the standgrd
Se @

N st w€d on all reclosers/FIs where the privhary
1§ [ [Cess
co & e been given for not setting partial discharge|test

lin] # cause—effect relationship between partial dischhrge

an k 3 agreement as to what the limits should be; and tljird,
ap leri g eXity of the equipment. Partial discharge limits at the|test
) ¢ be y S ange for a phase or module tested alone. At the upper er]d, a
pa 2 3 S a ete three-phase assembly. The 100 pC value is consistent fvith
thg ]

6.

Ti i d be clean and dry. The test object should also be at ambient

6.7.3 Test.equipment and procedure

Thegguipment and general method used in making partial discharge measurement tests shall b¢ in
accordance with e recommendatons of IEEE Std 1291-1993or 1EC 60270-2000-

Tests shall be made with the recloser/FI or test module in the closed and open positions. All surfaces
that are normally grounded shall be grounded and all surfaces isolated that are normally isolated.

NOTE—An open gap in a vacuum interrupter may have field emission from rough spots on the cathode contact during partial
discharge tests. This emission is not likely to distort the test results at the voltage level specified in 6.7.1. However, even at this
voltage, and especially at higher voltage levels, field emission currents may lead to erroneous conclusions about the presence of
partial discharge in solid insulation parallel to the vacuum gap. Since field emission is only observed on a cathode, the
observation of asymmetrical results with respect to voltage polarity when a dc voltage is applied is then an indication of the
presence of field emission in a vacuum gap instead of a partial discharge in the parallel solid insulation.
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6.8 Radio influence voltage tests (RIV)

When the primary insulation of the recloser/FI consists of self-restoring dielectric such as oil, or gas
(including air) the RIV test shall be performed unless the partial discharge test is performed on the
complete recloser. Reclosers/FIs shall meet the RIV limits when tested in accordance with 6.1 and in
6.8.1 through 6.8.3.

6.8.1 Test voltages and limits

The test voltage shall be a minimum of 105% of the line-to-ground voltage co
rafed maximum voltage of the recloser. The limit of radio influence in all cas¢
1.0 MHz.

esponding-to)|the
be 2501V at

Rgclosers/FIs having two or more voltage ratings shall be tested on the volthge

rafing given on the nameplate.

6.8.2 Test conditions

6.8.2.1 Proximity of other apparatus

hot
est

Any grounded or ungrounded object or
bel nearer any part of the recloser/FI o
overall dimension of the test piece with a

W m
to hoe
o the
of for
fu

6.4
TI ng mediums other than air shall be filled with the corfect
an e case of gas, pressurized to the nominal as-shipped pressjure

of the conductor as a source of radio influence voltage.

6.8.2.4 Atmospheric conditions

Tests shall be conducted under atmospheric conditions prevailing at the time and place of test
but itis recommended that tests be avoided when the vapor pressure is below 0.67 kPa or above
2.00 kPa.

Since the effects of humidity and air density upon radio influence voltage are not definitely known, no
correction factors are recommended for either at the present time. However, it is recommended that
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barometric pressure and dry and wet bulb thermometer readings be recorded so that, if suitable
correction factors should be determined, they could be applied to previous measurements.

6.8.3 Test equipment and procedure

The equipment and general method used in making radio influence voltage tests shall be in accordance
with the recommendations of NEMA 107-1987 (methods) and ANSI C63.2-1996 (equipment).

6.8.3.1 Procedure

Tgsts shall be made with the recloser/FI in the closed and open positions. When tests are made with [the
regloser/FI in the open position, the radio influence voltage shall be determined Q up
of|poles not connected to the measuring apparatus both grounded and ungrounded.

6.8.3.2 Tests on multipole devices

In|the case of multipole reclosers/FIs, one pole or terminal or groups,6 ne

tithe.

6.8.3.3 Precautions
T}

b)
C)

d)

Fdilure to follopr
thg limits of 6.8.1"

6.9.1 Test conditions

Iflaeoil bypass device is required it shall be mounted in the recloser/El in the same manned as

furnished for normal service. The leads from the high-current impulse generator shall be connected to
the terminals of the recloser.

6.9.2 Test procedure

Two current surges of the specified current value shall be applied to each phase. Following this test the
recloser/F1 shall be tested at the minimum tripping current so as to cause it to go through one
automatic operation to lockout.
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6.9.3 Condition after test

At the end of the test the recloser, and the coil bypass device if used, shall be in the following
condition:

a) Mechanical. Substantially in the same mechanical condition as at the beginning except for minor
arc scars on any gap electrodes of the coil bypass device. There shall be no indication of external
flashover of the coil bypass device, from the terminals of the coil bypass device to any other
parts of the recloser/FI or of the series coil of the recloser.

b) Electrical. The recloser/FI in the open position and with the coil bypass device, if used,

voltage and when in the closed position, of functioning correctly on overcurre
typical sequence to lockout.

6.10 Temperature rise test

The reclosers/FIs shall meet the conditions of continuous current\rating~ayd \imi ble
temperature rise as specified in 5.4.1 and 5.4.2, respectively, 3 \ in
6.10.1 through 6.10.3.

6.10.1 Test conditions

T} ose
ge sed
in

6.

Ti Am.
F no
la be

ize of bare copper leads

Rated ¢ N\ \/ Size of leads AWG
currél?&\ > AWG (kemil) mm?
Oposo O 46 solid 26.2 14
1000 #/0 stranded 133 61
140_%9\ \ — 211 81
230 315 — 400 200
400 — 500 250
o oo oo
630 . 750 400
800 - 1000 500
1000 — 1500 750
1250 — 2000 1000

NOTE—Multiple (parallel) conductors of equivalent net cross section shall be permitted.

""The term “substantially free from air currents” is defined as an air speed limit of 0.5 m/s measured around the test equipment
before test. Reference IEC 60694-2002, 6.5.
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Table 12—Size of bare aluminum leads

. Size of leads
Rated continuous
current (A) AWG kemil mm’
200 #4/0 stranded 211 81
500 — 1000 500
630 — 1250 625

NOTE-—Multiple (parallel) conductors of equivalent net cross section shall be permitted.

uspd with submersible or insulated cables, the cables shall be chosen for the rated ent and(volthge
offthe recloser. Refer to IEEE Std 386-1995 for guidance. The connection shallfe made™tqctheends of
thpse conductors.

6.10.3 Test procedure

T}
uti
th
th
frq

It
0

6.
Thi
te

m]
di

The ambient temperature shall be determined by taking the average of the readings of three measuifing
dgvices\placed 30 cm to one side of the device and vertically located as follows:

a) One 30 cm above the top of the device
b) One 30cm below the bottom of the device
¢) One midway between the above two positions

6.10.3.3.2 Use of oil cup

In order to avoid errors due to the time lag between the temperature of apparatus and the variations in
the ambient temperature, all reasonable precautions must be taken to reduce these variations and the
errors arising from these variations. Thus, when the ambient temperature is subject to such variations
that error in taking the temperature rise might result, the measuring device for determining the
ambient temperature shall be in a suitable liquid (such as oil) in a suitable cup.
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The smallest size of oil cup employed in any case shall consist of a metal cylinder 2.5cm in diameter
and 5Scm high.

6.

11 Time—current tests

6.11.1 Test conditions

The time—current test conditions shall be as specified in 6.1 and as follows, except the mounting and

gr
fr
th

Cl

T}
sh|

.11.2 Test procedure
ime—current tests shall be conducted as follows (see Figure 1

.11.2.1 Contact parting time—current tests

.11.2.2 Clearing time—current data

bunding requirements are not obligatory. The current range for which data shall be obtained shal
m the minimum tripping current to the rated symmetrical interrupting currenj. The temperatirg
E oil in reclosers/FIs with hydraulic timers shall be 25°C + 2°C at the starg

ntact parting time—current tests shall be made at axg
e recloser/F1 being tested with the test cj :
entially at a constant value.

voliag

e ?p tothe ratéd maximum voltagg

g time obtained in 6.11.2.1. Arcing time 11
n making interrupting or operating duty tej

The clearing

irfie for each instantaneous or fast and time-delayed time—current curve.

) </The type and rating of recloser/FI for which curve data apply.

b) Thevvoltage at which the tests are made when plotted on the basis of Method B in 6.11.2.2.

be
of

of
eld

hay

at

[VES

AY 1 £ PEECPECEEEE RO | ot tl

Il CETL R S PLery 12a. AR ratad cxiooaotood 1ot oot e
- et e et e o it PiecH P et et o t-TareaSyetricarHrerruprngeutt

nt

e¢) Instantaneous or fast'? clearing time—current curves, or both, for reclosers/Fls shall be plotted

to maximum test values.

f) Time-delay clearing time—current curves for all reclosers/FIs shall be plotted to average test
values. Permissible tolerance from curves are 4+ 10% of time or current, whichever is greater.

g) The test data shall be referenced to 25 °C.

">The terms instantaneous and fast as used here are essentially the same. Both imply that no intentional delay is added by the
control. The term instantaneous is used for electronic controls, while the term fast is used for mechanical or hydraulic controls
that have an inherent (nonintentional) delay in and of themselves.
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6.12 Mechanical duty test

The recloser/FI shall meet the conditions of mechanical duty when tested in accordance with 6.1.1,
6.1.2, and 6.1.3 and with 6.12.1 and 6.12.2.

6.12.1 Mechanical duty test

The recloser/FI shall be subjected to a minimum of 2000 close—open operations without maintenance.
Included in the 2000 operatlons a mlmmum of 200 operatlons shall be performed using the manual

erHre—echanisi—a a he—3a4aa has Q ha be
ing
FI

vefified:

n) Terminal-to-terminal resistance shall not have # han 50% or 100 pS2,
whichever is greater.

b) The recloser/FI shall be capable of passmg aljues
the

the

)

sufges originaty durce, in either or both of the current and volthge
trgnsformers con he control Blements, or in the control leads connecting the recloser/FI gnd
thp control elements esetibed in 6.13.1 and 6.13.2 shall be used to demonstrate this

The control elements st pp fed\with shuntip reclosers/FIs shall withstand, without damage, volthge
i’c

connection.

NOTE—Refer to Annex B for background information on the simulated surge arrester operation test.

6.13.2.1 Test set-up

The following test procedure describes a laboratory simulation of a surge arrester operation.

a) A rod gap connected from one source bushing terminal to the recloser/FI ground lead shall be
used to simulate a surge arrester. See Figure 3a). The gap shall be set to flashover at 80%
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\Source Load N
ALK

GAP? RECLOSER XFMR ?GAP
Control Supply
/Cable Conductors
——Ground 7 Ground |
Conductor\ Condyctor]
Supply Control
Conductors g:;:’es:
15 cm £3cm - 15 em=23cm
( N
6Im+05m/—0—/ 6m+0.5 m/P
L
(£10%) of the rated 1 of the recloser/FI on which the confrol
element is to be applied.\ he e all riseto flashover in 1.2 ps (4 0.5 ps). The groynd
lead shall be congected inal of the recloser/FI under test and may| be
adjacent to the g¢omrol o« .

b) The exterpal sukg n limyting resistance shall be chosen to provide a surge
current f' wing a peak value of 7000 A (£ 10%). The rate-of-fise
shall be betWwee A

C) cm from and run parallel to the recloser/FI ground ldad.

NG copper wire. "
or/FI for overhead use, the control cable shall be 6 m (+0.5/—0m).
e of a\ecloser/FI for pad-mounted, vault or submersible use, the control cqble
aximum length permitted by the manufacturer up to a maximum of ¢ m
3)«=The recloser/FI ground lead shall be spaced 15cm from and run parallel to the recloserf FI
control cable for the maximum distance given in (a) and (b) that the setup will allow.
4) The control ground lead shall be a maximum of 1.5m'* to the point where it connect§ to

d)

e)

the recloser/F1 ground lead and the laboratory ground point.

In the case of a three-phase device, a minimum of 1/3 of the voltage surges of each polarity shall
be applied to the bushing closest to the point where the control lead attaches to the recloser/FI.
When testing under conditions d) and e) in 6.13.2.2, the supply transformer shall be energized to

supply the normal control power to the control under test. This may be accomplished

by

3The specification of the small gauge #12 AWG wire is to induce a higher voltage differential between the recloser and the
control during the current surge. It also is more convenient to work with in a laboratory than the more realistic grounding wire
of #6 copper or greater. Refer to Annex B for more detail.

"“The shorter the control ground lead, the more severe the test will be.
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energizing the primary or by backfeeding through the secondary. In either case, care should be
taken to isolate the transformer from the laboratory (house) power supply.

NOTE—If the control apparatus is intended by the manufacturer to always be integrally mounted to, or within, the recloser
structure, it shall be considered in compliance with ¢) 1) and c¢) 2) in this subclause with a zero length control cable.

6.13.2.2 Test procedure

Fifteen positive and fifteen negative surges shall be applied under each of the following five conditions
with the gap on the source bushing. If the device under test has a self-contained power source,
conditions (d) and (e) may be omitted

h) To the source bushing with the recloser/FI open
b) To the source bushing with the recloser/FI closed
c) To the load bushing with the recloser/FI closed
d) To a properly rated transformer, connected as shown in Figure 3k
) To a properly rated transformer, connected as shown in Figurg

en
ed.

6.13.3 Condition of control during and after test

The control shall be energized and operational during the t

Dfiring the application of syxges, trol 8 ither tlpse the recloser/FI from an open positjon
ndr open (trip) the reclose ' i

F¢llowing the tests, the mal

fupctions withouf mpa

Dpiring the™est, tRhe : ¢ i i ai : i ai : or

After performing~the/specified making and breaking test duties, the recloser/FI shall be in [the

following condition:

YN "Mechanical. The recloser/FI shall be substantially in the same mechanical condition as at lthe
beginning and the recloser/FI shall be capable of automatic and manual operation. The time—
current characteristics of the recloser, as defined in 6.11 shall be substantially the same as initial
(prior to test duty) values. The arcing contacts or any other specified renewable parts may be
worn. The quality of the oil, used for arc extinction in oil reclosers/FI may be impaired and its
quantity reduced from the normal level. There may be deposits on the insulators caused by the
decomposition of the arc-extinguishing medium.

b) Electrical. The recloser/FI shall be capable of withstanding 80% of the dry power-frequency

insulation withstand test level for one minute, and of carrying rated continuous current, but not

SReporting may include event recording, oscillography, and SCADA.
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necessarily without exceeding rated temperature rise. Resistance measurements taken before
and after the operating duty test may be used to establish the ability to carry the rated

continuous current.

Visual inspection and no-load operation of the used recloser/FI after tests are usually sufficient for
checking these requirements. For reclosers/FIs having contact structures not readily visible, a contact
resistance check shall be made to determine the recloser’s current carrying ability, with a current of at
least 100 A, dc. The value of the contact resistance shall be less the 200% of that before the test
sequence. If the resistance has increased to more than 200%, a temperature rise test at rated
continuous current with thermocouples placed as practicable shall be conducted, to ensure the

re

6.

If
an
T}

If
va
i
be

=]

T}

7.

A

loser/FI will not experience thermal runaway.

14.2 Supplemental tests

b) A suitable interrupting test.
) A rated power-frequency dry witk

thgeed\phass,/then both the source and the load neutral shall be grounded.
ingle-phase, then each pole shall be tested separately.

Productiontests (routine tests)

| ‘applicable production tests shall be made by the manufacturer on each recloser, at the factory a

the

hot

at

ter

final assembly except that the partial discharge tests may be performed on subassemblies as descri

in

7.4.

Production tests shall include the following:

a) Calibration

b) Control, secondary wiring and accessory device test
¢) Dielectric withstand test; 1-min. dry power-frequency
d) Partial discharge test

e) No load mechanical operation test
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f) Water leak test; submersible reclosers/FIs only
g) Gas leak test (gas-filled reclosers/FIs only). Maximum permissible gas leak rate not to exceed a
minimum 10-year replenishment period.

7.1 Reclosing and overcurrent trip calibration

Reclosers/FlIs shall be subjected to the following calibration, where applicable, for conformance to
published time—current characteristic curves. Calibration may be performed on the individual control
elements subassembly prior to final assembly on the recloser. When the latter is done, the effect of the
o;terating time on the recloser/FI shall be recognized, and the complete assembly shall be tested to
aspure that the device will trip the recloser. A sinusoidal wave shape current at /4 conyenient\volthge
shpll be used. The calibration may be performed in any order deemgd|appropxiate-’by [the
mfnufacturer.

n)  Minimum tripping current test (see 6.6)
b) Trip settings

) Time current tests (see 6.11.2.1)

d) Sequencing tests

) Remote features

) Special features

7.2 Control, secondary wiring, a Ces eck tests
Control, secondary wiring, and accessory devices shalhbg checked to ensure that all connections hhve
bgen made correctly. Devige i " be checked by actual operation where

feqsible. Those circuits fo which 1o i easiblg shall be checked for continuity.

7.3 Dielectric ?th tand
The test shall be condtictedvn¢ danse with 6.2 except that Test 4 of 6.2.3 shall not be required. The
dyration of the tgsth\m R 0’s if a voltage of 110% of that specified in 6.2.1.2 is usqgd.

P4rtial diSshargestests shaJl’be performed on all reclosers/FIs that use a nonrestoring dielectric as [the
primary inselat \g., solid dielectric). Tests shall be performed as specified in 6.7 except that
mpdular_testing oRc€omponents is permitted in all cases. The manufacturer shall establish |the
appropriate test limits for each test object.

7.5 Mechanical operations tests
The mechanical operations tests shall include the following:

a) Inspection of the external parts

b) Manual tripping by the tripping lever

¢) Without trouble or malfunction, 25 consecutive operational tests to check performance of a
mechanism, sequencing, and time devices. Shunt-trip reclosers/FIs shall have five operations
performed at minimum control voltage.
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7.6 Water leak test

A suitable leak test shall be performed on submersible reclosers/FIs to ensure that they will operate
under service conditions as outlined in Item c) of 4.1.

8.

Field tests on units in service, including dc withstand tests on cables

Field testing of a recloser/FI either alone or as part of a distribution switchgear unit is not conside

to|
sh|
ley
wl
lo
te
ley

ree

A
A
in
usk
in
cul
col
en

be a design test. Field testing is performed to determine the condition of the equipment,a
pment, service, or maintenance. When these tests are performed, the recommended dieledtric
rels shall not exceed 75% or 80% (Note 1) of rated values given in Table 1a)agd Table b) and o

egrity of switchg
11 kinds of insulati

lission is occurring on a rough spot on the

ontact\thag is 2 cathode when that voltage polarit
g of testifig the integrity of a vacuum interrup

aplplied. For this reason,

A|dc withstand test for A ant is specified as a related design test recognizing t
thp equipment may be subjects Qge when connected to cable. This related dc withstand
is [a significant 5 i cly ® to the peak value of the related power-freque
withstand voltage ashover limit of the insulation or across an isolating g
A]E buses or ways i Paredé-energized and grounded during these design tests. Thd
wi { R degrade in service because of aging, contamination
elg

In} gerformed to determine their condition and to locate faults. Switchg
mfy a e dc test voltages if the cables are connected to the gear. The indu
st B1], describe such cable testing. DC testing also includes cable “thumpin
id, tion of dc voltage with substantial energy for fault locating, which cay
trs ¢ doubling at the end of the open cable. These same transients can stress

SW

itchgear at higher voltages. Tests of cables with very low frequency voltages are also now being ug

the
hoe
bor
eld
is
er.

hat
est
hey
ap.
dc
ind

car
try
ses
the

WARNING
When a cable connected to a recloser/FI either alone or as part of a distribution switchgear unit is to be
subjected to dc tests, it is recommended that the switchgear unit be isolated from all source voltages to
provide for the maximum safety of maintenance personnel and equipment. The recommendations of the
manufacturers of the switchgear, dc test equipment, voltage transformers, surge arresters, and terminators,
connectors, and bushings should be followed.

NOTE 1—IEC practice is to test at 80% of the values given in Table 2a) and Table 2b). Users may use this higher test
level if permitted by the manufacturer of the equipment. In an effort to harmonize with IEC, it is expected that the
manufacturers will adopt the 80% level by revision of their equipment maintenance manuals.
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9. Construction requirements
9.1 Tank construction: submersible or dry vault reclosers/Fls

9.1.1 Tank material and finish

The tank and all appurtenances shall be made of corrosion resistant material or provided with an
impact and corrosion resistant finish and shall also be suitable for storage in uncovered areas.

9.1.2 Water entrapment

Eqternal parts of the tank or accessories shall not trap or hold water.

9.1.3 Tank support

Tdnk support shall provide firm, stable support and sha, Qr ahchoring the tafk.

9.1.4 Lifting lugs

Lifting lugs shall be provided and so positior e ed.
They shall be designed and located on the t: % & ny
atfachments (bushings, operati 8, K ish
dyring handling.

9.1.5 Pressur

T4qnk constructio & ind
thp recloser/FI ¢ & , the
ndrmal operati e I

9.2 Grounding provisions

Alrecldser/FI with a metal housing shall have provisions for the connection of a ground lead.

TlregrouTd COMeCtoT SiTait acCoMIodate @ ground COMIUCIOor Of & SiZe adequarte to conauct te rated
symmetrical interrupting current of the recloser/FI for a period of 2 s without damage to the conductor
or connector.

A recloser/FI control housing that may be mounted separately from the recloser/FI or that contains
control elements that rely on solid grounding for surge immunity shall also have provisions for the
connection of a ground lead.

Pad-mounted, dry vault, and submersible reclosers/FIs shall have an additional grounding connection
for each three-phase set of cable entrances.
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9.3 Insulating medium quantity indicators

When liquid or gas is used as the insulating medium, provision shall be made for personnel to readily
determine the insulating liquid level or insulating gas status with the recloser/FI energized. The
indicator shall show whether the device is in the safe operating range. Procedures or devices that
require exposing the insulating medium to the outside environment shall not be used.

9.4 Oil sampling provision (submersible reclosers/Fls)

W

o.

hen oil is used as the insulating medium, provision shall be made to obtain a tom oil saiip

b Manual operating provision

@

Rg¢closers/FlIs shall be provided with a manual operating lever to Qpen operafing
leyer shall be suitable for operation with a hot line stick. The operating\eve ) ible recloger/
F1 shall be located such that one person standing on the sup ithout standing
ditectly over the recloser.

A
in
or]
ur

.p Position indicator

er suitable means, which cled
the surface. For pad-mounted, dry va

Lgcal regulations or safs a 3 fied by the user for colors and indicia. In
alsence of user specifisati the S coloys to indicate an open or closed position are red
signify closed a ighi Qe

N Qids be imgovtrasting letters against the background colors.

9./ N

The follo

h) Manufacturer$ name or trademark
b) , Manufacturer’s type or identification number to indicate the design or construction. Changel
operating characteristics, design, or construction, which affect its application or service, shal

rly
ult,
or

the
to

in
be

accomplished by a change i the identulication data.

¢) Rated power-frequency (Note 1)

d) Rated maximum voltage

e) Rated continuous current

f) Rated minimum tripping current (series-trip reclosers/FIs only)
g) Rated symmetrical interrupting current

h) Rated lightning impulse withstand voltage

1)  Serial number and date of manufacture

j)  Type and quantity of insulating material (Note 2)

k) Weight of device
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NOTES

1—Required only if the related ratings are not applicable at both 50 Hz and 60 Hz.

2—Required only if the insulating medium must be removed for maintenance or testing, or if it must be inspected for
replenishment.

For submersible reclosers/FIs, a nameplate of stainless steel or other corrosion resistant material shall
be provided. The nameplate shall be securely attached to the top of the tank by means of stainless steel
screws, rivets, or other corrosion resistant fasteners. All letters, schematics, and numbers shall be
permanently stamped, embossed, or engraved on the nameplate.

9.B Stored energy mechanism charge indicator

When indicators are used on stored energy operating mechanisms, the followmyg all-be used
supject to any local codes or indicia requirements.

9.p Enclosure integrity

Pg4d-mounted reclosers/FIs shall conform,to the rg as
defined in ANSI C57.12.28-1999.

9.[10 Counters

An operations counter shall b ide Ltic
reglosers/FIs. The counter shall be visi if dser/FI in service. This feature is not requifred
fof fault interrupters.

9./11 Conducto; :

Fgr connection of bard bushing terminals shall accommodate conductors of a $ize

adequate to condu S ntinuous current of the recloser/FI without exceeding the appropriate

NPTE—Fox reclosegs/FX

3 1th cable terminations, bushings should accommodate cable terminations in accordance ith
the IEEE Std 386<1995 or

EC 60502-2-2005 unless otherwise speci.ed by the user.

9.12/Tank construction—pressurized reclosers/Fls only

9.12.1 Design and withstand

Reclosers/FIs with operating pressure and size that fall within the scope of the ASME BPVC-1998
shall adhere to the requirements of the Code unless superceded by local jurisdictional codes.

9.12.2 Leak rate

The maximum permissible gas leak rate is not to exceed a minimum 10-year replenishment period.
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Annex A

(informative)

X/R Ratios

A general understanding of circuit time constant (t..) and X/R ratio and associated peak currents is neces-
sary for the proper design, testing, and application of switchgear. The mechanical stresses associated with
fault withstand or fault making are in relation with the square of the peak current (i; ) and the thermal stress

asso
time}

A1
An ¢
2nfL
dent
For g
=X,
(2L,

wher

Tated WitlT pre-arcing or fault CUITSNT MMISITUPToN 1S @ COMpIcX Telation of e arc voitage, e g
and the total charge (integral of the arcing current).

Time constant (t.c) and X/R ratio

is the posdtive
is the positive s

cing

soci-
tem-
ne of

i = L2 sin(wr+6—¢)—sin(6—d)e ] (A.1)

where

i is the instantaneous current

1 is the rms value of the current

® is the angular frequency (27tf)

¢ is the circuit phase angle = tan’l(X/R)

0 is the angle between voltage zero and the time that fault is initiated
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t is the time
Tee is the circuit time constant (L/R or X/Rw) (see A.1)

The peak asymmetrical current (i) is the maximum of this formula. The peak factor is i,//. The rms
factor can be calculated using Equation (A.2):

2
RMS factor = \/1 + (\/Ee*’P/TCC) (A.2)

1N P ot o tioo to tho ool rdlha tioo to oo oL eon fornanla
e 55—ttt e-peac-otr—tRe—tHRe—to—axiti—orprevioustotrimtta-

Tdble A.1 is a tabulation of the peak factor and the rms factor for both 50 Hz affd 60 Mz overa’rahge
of[time constants.

Table A.1—X/R ratios: peak factors and r?s@s\

Time X/R ratios Peak factor [zgﬂ]\\ s factor
constant w
[Tee (ms) at 60 Hz at 50 Hz at 60Hz | ars0 N at 50 Hz
10.6 4.0 3.3 2.09 [ (201 . 1.16
212 8.0 67 233\ /2 1.39 1.35

N

318 12.0 0 N o] Al 1.49 1.45

45 17.0 14.1 2\5{ \@/ 1.55 1.52

60 2.6 189 /T 20\ 261 1.59 1.56
90 33.9 283 \ | (Tage NOR 268 1.63 1.61
120 453 < AN YN 272 1.66 1.64
150 S6.0\ N7 BaN275 ) 274 1.67 1.66

<

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=45ae2d9a484c9157dcbf3efbe45638f5

IEC 62271-111:2005(E) —57-
IEEE C37.60-2003(E)

Annex B

(informative)

Simulated surge arrester operation tests

Simulated surge arrester operation tests have traditionally been used to verifying recloser/FI system
operatlon and its capabrhty to surv1ve fast hghtnmg induced surges This test falls into a broader

IEEE Std C37.90™-1989 [B10]

IEEE Std C37.90.1-2002 (SWC)

IEEE Std C37.90.2™-1995 (RF susceptibility) [B11]
IEEE Std €37.90.3™-2001 [B12]

[EC 60255-22-1-2005 (1 MHz burst immunity tests) [B3]
IEC 60255-22-2-1996 (Electrostatic discharge tests) [B4
IEC 60255-22-3-2000 (Rddldted electromdgnetlc field

win
be
jon
bed
on
ing
ise,
switchgear. Few, if any, of these measures fare
recloser. The control conductors, local distributjon
are called upon to absorb the full impact of |the

Si testig fills the void by defining an all encompassing system test.|As
cul des a fast rise time (1.2 us), BIL type waveform stressing the bgsic
ingulatio d capasitive\couplipg through current and/or voltage transformers and any other devices
present/in the design Xoltage peak is followed by an air gap flashover discharging 7000 A into [the
re loser/ g S his discharge radiates a strong electromagnetic field impulse and a fast
VQ 8¢ gr enhancing the capacitive coupling effect. Once the sparkover occurs, the fast

current front (di/ ivexcess of 10000 A/us) results in a voltage drop across the grounding condudtor
(nfostly~inductive, at approximately 1pH/m), thus effectively separating the recloser/FI groynd

referénce from the electronic control. If not adequately controlled, the potential difference can repch
th b A0 000V level

The test may end with a high-current ringing waveform. The ringing frequency is determined by the
inductance of the recloser/FI ground conductor, the test generator output capacitor, and circuit
damping. The exceptionally high current levels involved during this phase of the test generate high-
frequency magnetic fields. However, the di/ds is the more critical parameter. The shape of
the subsequent waveform after the initial di/d¢ is not critical as long as the peak current of 7 kA is met.

There are five distinct series of tests. In the first series, the source side of the recloser is surged with the
recloser in the open position. This stresses the insulation of the recloser itself and any source side CTs
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