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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 111: Automatic circuit reclosers and fault interrupters
for alternating current systems up to 38 kV
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No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material 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. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
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rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard IEC 62271-111/IEEE Std C37.60 has been jointly revised by
Switchgear Committee of the IEEE Power and Energy Society!, in cooperation with
subcommittee 17A: High-voltage switchgear and controlgear, of IEC technical committee 17:

Switchgear and controlgear, under the IEC/IEEE Dual Logo Agreement.

This second edition cancels and replaces the first edition, published in 2005, and constitutes
a technical revision. The main changes with respect to the previous edition are as follows:

a) addition of exclusion of devices with dependent manual operation to 1.1;

b) harmonization of the amplitude factor k,; used for calculating the TRV for cable connected

Sy tame cancictant wwith racant harmanigatinn ~f tha At heraalear ctandAAarAco hrtween
e o— GO STSte vt e et ot r o — o +— e —Grrout—Rreahcer—Staraatrao—o4

IEEE and IEC;
c) deletion of requirements for radio influence voltage (RIV) tests;

d) adfition of specifications and ratings to cover the cutout(reglo
requirements.

The teit of this standard is based on the following IEC documents:

FDIS Refort omyo N >

17A/1010/FDIS (17/3(1?’20/@1{
\V

Full information on the voting for the
voting|indicated in the above table.

pp

This ppblication has been drafted in ac or@w'

O/IEC Directives, Part 2.

7.1

pecial

of this st ndgd n be found in the report on

A list of all parts of th ( ? sxgan be felnd, under the general title High-voltage

switchgear and controlgear, 0 C wekhsite

This standard is
s

is applicable unle

with IEC 62271-1:2007, to which it refers and[which
n this standard. In order to simplify the indication of

corresponding regure the Samg“numbering of clauses and subclauses is used as in

IEC 62271-1. Am S es¢’ clauses and subclauses are given under the

referepces wh iona hclauses are numbered from 101.

same

A list of IEEE participants can be found at the following URL:
http://standards.ieee.org/downloads/C37/C37.60-2012/C37.60-2012_wg-participants.pdf.
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The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this publication will remain unchanged until the stability date indicated on the IEC web site
under "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this
that |it contains colours which are considered to b
understanding of its contents. Users should therefore

)
S
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 111: Automatic circuit reclosers and fault interrupters
for alternating current systems up to 38 kV

1 Overview

1.1

This p
or mu

maximum voltages above 1 000 V and up to 38 kV.

Device

In ordTr to simplify this standard where possible, the te

substi

1.2

The fo

are indlispensable for its application. Fp

undatg
ameng

NOTE 1
case, th
equal e

onIy.2

IEC 6

magndgti

Scope

ti-pole alternating current automatic CII'CUI’[ reclosers and

uted for automatic circuit recloser or fault inte

Normative references

lowing documents, in whole or in

d references, the Iatest grenced document (includin
ments) applies.

In this dual logo $ ¢ made to both an IEEE and IEC standards
e specifications in twoxefgrenced s g sen judged by the Maintenance Team to be teg
en though thi exakt wording » Differences in the wording are considered to be
0050-151:2004 trotechnical Vocabulary — Part 151:Electric

single
rated

5 been

nt and

ids. For

j any

.{In each

hnically
editorial

ical and

NOTE P able from the Sales Department of the International Electrotgéchnical
Commigsion; we’ de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.|ec.ch/).
IEC puflicatio Ie in the United States from the Sales Department American National Sthndards
Instituts, et, 13th Floor, New York, NY 10036, USA (http://www.ansi.org)

IEC 60050-441>1984, Mnternational Electrotechnical Vocabulary — Chapter 441: Switghgear,
controfgear and fuse

IEC 60071-2:1996, Insulation co-ordination — Part 2: Application guide

IEC 60255-22-1:2007, Measuring relays and protection equipment — Part 22-1:Electrical
disturbance tests — 1 MHz burst immunity tests

IEC 60255-22-4:2008, Measuring relays and protection equipment — Part 22-4:Electrical
disturbance tests — Electrical fast transients/burst immunity test

IEC 60270, High-voltage test techniques — Partial discharge measurements

2 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements
needed to implement the standard.
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IEC 60815 (all parts), Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

IEEE Std 1-2000™, |[EEE Recommended Practice — General Principles for Temperature Limits
in the Rating of Electrical Equipment and for the Evaluation of Electrical Insulation

NOTE 3 IEEE publications are available from the Institute of Electrical and Electronics E
Piscatayay, NJ 08854, USA (http://standards.ieee.org/)

s, 445 Hogs Lane,

IEEE $td 4™, |[EEE Standard Techniques for High-Voltage Testing
IEEE

IEEE
Relay4

5ts for

IEEE §

IEEE §

IEEE
Power

oltage

IEEE [Std C37.301™,
Technjques — Partial D

Test

2 Nq¢
Clauss

2.101

Unless = d, high-voltage switchgear and controlgear, including the opgrating
device] auxiliary equipment which form an integral part of them, are intended to be
used ip aceordancewith their rated characteristics and the normal service conditions listed in
2.102.

If the actual service conditions differ from these normal service conditions, high-voltage
switchgear and controlgear and associated operating devices and auxiliary equipment shall
be designed to comply with any special service conditions required by the user, or appropriate
arrangements shall be made (refer to 2.103).

NOTE 1 Appropriate action should also be taken to ensure proper operation under such conditions of other
components, such as relays.

NOTE 2 Detailed information concerning classification of environmental conditions is given in |IEC 60721-3-3
(indoor) and IEC 60721-3-4 (outdoor).
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2.102 Normal service conditions
2.102.1 Indoor switchgear and controlgear
The normal service conditions for indoor switchgear and controlgear are:

a) the ambient air temperature does not exceed 40 °C. The minimum ambient air
temperature is -30 °C for class “minus 30 indoor”;
b) the influence of solar radiation may be neglected;

c) the altitude does not exceed 1 000 m above sea level (switchgear ratings are based on
sea level);

d) thg ambient air is not significantly polluted and would be classified naving (pgllution

level | “light” according to IEEE Std C37.100.1-2007, Table C.1 11996,
Taple 1;
e) thg conditions of humidity are as follows:
1) | the average value of the relative humidity, measured @ es not
exceed 95 %;
2)| the average value of the relative humidity, over bs not
exceed 90 %.
For these conditions, condensation may oc
NOTE 1 lity.
NOTE 2 brrosion
of metallic parts, switchgear designed and teste
NOTE 3 Condensation may be p yeCi ion and
heating| of the station or e Nde S rs with
thermogdtats/humidistat inside th ¢ r or for
undergrpund applications, fiorg inco 2 y
rs are

f) vihration due tg
insignificant' ating duties of the equipment and do not gxceed
thg low performap EE Std 693. The manufacturer will assume that, in

thg absence of/sp € i from the user, there are none.

NOTE 4 stgnificant” is the responsibility of the user or specifier of the eqqipment.
Either the user § v Bismic events, or his or her analysis shows that the risk is “insignificgnt.”
2.102.p switghgear and controlgear

The ngrmal setvi ions for outdoor switchgear and controlgear are:

a) thg ambient aiv” temperature does not exceed 40 °C. The minimum ambignt air
tempetature is -30 °C for class “minus 30 outdoor”;

Rapid temperature changes should be taken into account;

b) solar radiation as much as 1 044 W/m?2 (a clear day at noon) may be expected. See |IEEE
Std C37.24 [1] 3 for details on evaluating the effects of solar radiation;

NOTE 1 Under certain conditions of solar radiation, appropriate measures, e.g., roofing, forced ventilation, etc.,
may be necessary, or derating may be used in order not to exceed the specified allowable temperature rises. The
specific latitude of location should be considered.

c) the altitude does not exceed 1 000 m above sea level (switchgear ratings are based on
sea level);

3 Numbers in square brackets refer to the bibliography.
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d) the ambient air may be polluted by dust, smoke, corrosive gas vapors, or salt. The
pollution does not exceed the pollution level I—medium according to IEEE Std C37.100.1-
2007, Table C.1 or IEC 60071-2:1996, Table 1;

e) the ice coating shall be considered in the range from 1 mm up to, but not exceeding,
20 mm;

NOTE 2 Typical ice classes are 1 mm for class 1, 10 mm for class 10, and 20 mm for class 20.
f) the wind speed does not exceed 34 m/s (122 km/h) (76 mi/h);
g) the presence of condensation and/or precipitation should be taken into account;

NOTE 3 Characteristics of precipitation are defined in IEC 60721-2-2 [2] and IEEE Std 4.

h) vigration due to causes external to the switchgear or earth tremgrs are ingigpificant

relptive to the normal operating duties of the equipment and de :Le low
pefformance level defined in IEEE Std 693. The manufactuge at, in
abgence of specific requirements from the user, there are none;

NOTE 4 The interpretation of the term “insignificant” is the responsibility of ¢the usergr specifi ipment.

Either the user is not concerned with seismic events, or his or her analysig shows thatthg risk is \nsignificgnt.”

i) forl submersible units, the water head does not ext shove \the base |of the
entlosure during occasional submersion. g i gmical
regctions may be encountered in a sub-grade ¢ nment
m4dy contain chemicals that contribute to mild cokrosive

2.103 | Special service conditions

2.103 .11 General

When |high-voltage switchgear and cq s US nder conditions different frgm the
normal service condition giVe : eqifirements should refer to standgrdized
steps @s follows.

Specigl service cQnditions ht to the attention of those responsible for the
manufacture of A6 prevent loss of performance or service life, |if any,
from specified vahugs i dards such as those for altitude correction shall bg used

when available.

2.103.p
The basi ating foRsw ar is standard reference atmosphere, commonly known gs sea
level ¢ondition storically, switchgear has been successfully applied at altitudes|up to

1 000 m withqut

For ingtallations at an altitude higher than 1 000 m, the required insulation withstand I¢vel of
externpldinsulation at the service location shall be determined by multiplying the| rated
insulatfon fevets—at sea fevet by the aftitude correction factor K, i accordance withr Figure
K.1.

In this standard, the rated symmetrical interrupting current (rated short-circuit breaking
current), related required capabilities and interrupting times need not be corrected for altitude.

NOTE This standard recognizes the revised IEEE treatment of altitude correction factors for applications above
1 000 m as specified in Figure 1 of IEEE Std C37.100.1-2007. This figure is reproduced in Annex K for reference
and is not the same Figure 1 in IEC 62271-1:2007. Additional information about the differences between the IEEE
and IEC treatment of altitude correction factors is also given in Annex K.

2.103.3 Pollution

For installation in polluted ambient air, pollution level Il (heavy) or IV (very heavy) of
IEC 60815 should be specified for outdoor installation.
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For indoor installation, reference can be made to IEC/TS 62271-304.

2.103.4 Temperature and humidity

For installation in a location where the ambient temperature can be outside the normal (usual)
service condition range stated in 2.102.1 and 2.102.2, the preferred ranges of minimum and

maxim

1

um temperature to be specified should be selected from one of the following:

°C and +50 °C for hot climates:

-40 °C and +40 °C for cold climates (class “minus 40 outdoor” or class “minus 40 indoor”);

-5

In trop
of 24 K

2.103.

structd
condit

For in
releva

)

b) -50 °C and +40 °C for very cold climates (class “minus 50 outdoor”);
)
)

C and +55 °C for very hot climates.

tain regions with frequent occurrence of warm humid winds
fature may occur resulting in condensation even indoors.

can be 98 %.

5 Vibrations, shock, or tilting

Standard switchgear and controlgear level
res, free from excessive vibrafion normal
ons exists, requirements for the Rarti Qn should be specified by the Uiser.
stallations where earthquakes are i the severity level according to a
nt standard or specification (e.g.\IE p'IEC 62271-207 and IEC 6227[1-210)
be specified by the

should

2.103.

In som

2.103.

When
contro
IEC 6(

3 Te

For th

b Wind spee

e regions 4 i €xiga, a value for the wind speed is 40 m/s.

e purposes of this document, the terms and definitions given in IEC 600

hce to

7

specig i conditions prevail at the location where switchgegr and
gear IS D€ i ice, they should be specified by the user by refere

721s

rms and-defi

b0-441

IEC 60050-T5T, TEC 62277-1T, TEEE Std C37.700-199Z, as well as the following apply.

Additional terms and definitions are classified so as to be aligned with the classification used

in IEC

60050-441.

4 Topics that are not covered in the common requirements standards are assigned a second level clause number
beginning with number 101, e.g. 4.101 of this standard covers Rated minimum tripping current (for series-trip
reclosers/Fls). Since this topic is not considered “common” to other relevant equipment switchgear standards, it
is not included in the common requirements standard; the topic is unique to this standard.
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3.1 General terms

3.1.101

accessible

admitting close approach because not guarded by locked doors, elevation, or other effective
means

3.1.102

automatic circuit recloser
self-controlled device for making, carrying, and automatically interrupting and reclosing an
alternatmg current cwcwt W|th a predetermmed sequence of opemng and reclosmg followed
by resettine . S =Tty —¢ staments
required to detect overcurrents and control the recloser operatlon

Note 1 fo entry: Refer to Annex F for background information of an automatic circui

3.1.10B8
cutout mounted recloser
single{phase automatic circuit recloser consisting of an ipfecrup ' in p fuse
suppoft or base as defined in IEEE Std C37.40 [3] and IE

3.1.10
dry vault

ventildted, enclosed area not subject o

oodi

[SOURCE: IEEE Std C37.100:1992]

interrupting an alternating cwrrent i > detect

Note 1

enclosled equipm exterior enclosure of which is at earth potential, positioned on a

surfacg-mountedpad

Note 1 fo entry: This definition is similar to that given in NESC (US) National Electrical Safety Code) C2-2012 5 [5].

Note 2 to entry: The term "pad-mounted enclosure” is also defined in 3.9 of IEEE Std C57.12.28-2005 as follows:
“An enclosure containing electrical apparatus, typically located outdoors at ground level where the general public
has direct contact with the exterior surfaces of the equipment. The general construction of this equipment is such
that authorized personnel may obtain direct access to the apparatus inside the equipment compartment(s).”

3.1.107

restrike (of an a.c. mechanical switching device)

resumption of current between the contacts of a mechanical switching device during a
breaking operation with an interval of zero current of a quarter cycle of power frequency or
longer

5 National Electrical Safety Code and NESC are both registered trademarks and service marks of the Institute of
Electrical and Electronics Engineers, Inc.
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[SOURCE: IEC 60050-441:1984, 441-17-46]

3.1.108

re-ignition

resumption of current between the contacts of a mechanical switching device during a
breaking operation with an interval of zero current of less than a quarter cycle of power
frequency

[SOURCE: IEC 60050-441:1984, 441-17-45]

3.1.109
series|-trip recloser
recloser in which main-circuit current above a specified value, flowing Aly
operatjng coil, provides the energy necessary to open the main contagd

oid or

Note 1 fo entry: The IEEE definition for a series-trip recloser is similar to the IE€ de 3N T8 e ing circuit
breaker| Reference: IEC 62271-100:2008, 3.4.118.

3.1.11p
shuntitrip recloser
recloser in which the tripping mechanism, by releasi
contadts to open, with both the tripping mechanis
deriving operating energy from other than the m

ns, permits th¢ main
Y opening mechanism

3.1.11£

submeérsible

constrlicted as to be successfully
conditions of pressure and §ime

ecified

Note 1 fo entry: The IEEE d

3.1.11p
unit operation

interrupting operatign A«
final interruption, afe

Note 1 to entry:
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Initiation of
short
circuit Actuation ) ]
of trip Prlmaw Prlrrpry
circuit arcing arcing
contacts contacts
part Final arc make
extinction
—
Time
Release Interrupting
delay time >
Opening Arcing
time time <\ \
\ N\
parting time tdterv

Clearing time

3.2 Assemblies of swi

No particular definition

Parts of a@

No patrti

3.3

3.4

No patrti

3.5

No particular definitions.

3.6 Operation

3.6.101

non-reclose

operational setting that blocks the automatic reclose function of a recloser causing it to be on
a one-trip-to-lockout sequence

Note 1 to entry: The non-reclose setting causes the recloser to emulate the functionality of a fuse.

Note 2 to entry: The non-reclose setting is not the same as the Hot Line Tag function included in some reclosers.
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Characteristic quantities

1

cable-charging current

curren

t supplied to an unloaded shielded or belted cable

Note 1 to entry: Current is expressed in Ar.m.s.

3.7.10

2

critical current
value of breaking current, less than rated short-circuit breaking current, at which the arcing

time i

a maximum and is significantly longer than at the rated short-circuit breaking cur

ent

Note 1 {o entry: It will be assumed that this is the case if the minimum arcing times in 2
T50 is gne half-cycle or more longer than the minimum arcing times in the adjacent tes

3.7.10
non-s
NSDD
disrup

of power frequency current or, in the case of capacitive et

curren

3.7.10
partia
Ue

applie
the vo

Note 1
chosen

3.7.10
partia
Ui
applie
the vo

Note 1

partial di

3.7.10
prosp

transi¢ntrecovery voltage following the breaking of the prospective symmetrical current

A of the tesg=dutie

B
istained disruptive discharge

ive discharge associated with current interruption t

does not rg
t in the main load circuit

]
discharge extinction voltage

bctive transient recovery voltage (of a circuit)

T20 or

mption
sult in

when
partial

de of a

when
partial

de of a

ideal switching device

by an

Note 1 to entry: The definition assumes that the switching device or the fuse, for which the prospective transient
recovery voltage is sought, is replaced by an ideal switching device, i.e. having instantaneous transition from zero
to infinite impedance at the very instant of zero current, i.e. at the "natural" zero. For circuits where the current can
follow several different paths, e.g. a polyphase circuit, the definition further assumes that the breaking of the

current

by the ideal switching device takes place only in the pole considered.

[SOURCE: IEC 60050-441:1984, 441-17-29]

3.7.10

7

reclosing interval (of an automatic circuit recloser)
open-circuit time between an automatic opening and the succeeding automatic reclosure
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Note 1 to entry: The IEEE definition for reclosing interval is similar to the IEC definition ‘dead time’. Reference
IEC 62271-100:2008, 3.7.140. See Annex L.

3.8 Index of definitions

A-C
accessible
automatic circuit recloser
cable-charging current
criticalcurremnt
cutout/mounted recloser

D-M
dry vallt
fault interrupter

N-Q
non-reclose 3.6.101
non-systained disruptive discharge, NSDD 3.7.103
pad-mpunted (or “pad mounted”) equip 3.1.106
partial[discharge extinction voltage, U, 3.7.104
partialldischarge inception voltage, U; 3.7.105
prospective transient recovery voltage 3.7.106
reclosing interval (of a 3.7.107
restrik 3.7.107
re-igni 3.1.108

S-Z
series 3.1.109
shunt-fri 3.1.110
submsg 3.1.111
unit o 3.1.112
4 RT i

The ratings of the automatic circuit recloser, the cutout mounted recloser and the fault
interrupter shall be as specified in Table 1.
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Table 1 — Ratings for automatic circuit recloser, cutout mounted
reclosers and fault interrupters

Reference Automatic Cutout Fault
Item Rating description circuit mounted
subclause Interrupter
recloser recloser
1 Rated maximum voltage (V) or (U,) 4.1 X X X
2 Rated insulation level (U,), (Up) 4.2 X x b.c X
3 Rated frequency (f,) 4.3 X X X
4 Rated continuous (normal) current (1) 4.4 X X X
3 Rated short-time withstand current (7, ) 4.5 X X
b Rated peak withstand current (Ip) 4.6 X /\(€< X
7 Rated duration of short circuit (¢,) 4.7 X /\\ X & X
Rated supply voltage of closing and \Z
§] opening devices and of auxiliary circuits 4.8 --
(U,)
5 R_ated minimum tripping current (series- 4101 \ X %
trip reclosers only)
0 Rated symmetrical interrupting current 4.192/ X \ X X
Rated symmetrical (fault) making w
1 current (4\{ 4 /\X X X
N
2 Rated operating sequence < 4.@5 \-)X )\/ X X
3 Rated Ilne-‘chqrglng and cable-charging 106 xd X
current switching
4 Rated load (normal) current swit\{hing(_\ a X xd X
5 | Rated ice breakl@ é;{ pifity N\ L) 611 e e e
a |Line- charglng cablé itchj i iliti
b hse
in which it j ted
recloser for
¢ ifion
bed
ted
d hnd
ted
e

41 Rated voltage (7))

The rated voltage (rated maximum voltage) indicates the upper limit of the highest voltage of
the system for which reclosers/Fls are intended to operate.

NOTE For purposes of this standard, the term “rated voltage” (U;) in IEC is equivalent to the term “rated maximum
voltage” (V) in IEEE.

The preferred values of rated voltage of reclosers/Fls are those shown in Columns (2) and (3)
of Table 2 and Table 3.
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4.2 Rated insulation level

Subclause 4.2 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable, with the
following modifications:

Table 1a and Table 1b of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 are replaced by
Table 2 and Table 3 of this standard.

Table 2 — Preferred voltage ratings and related test requirements
applied on overhead line distribution circuits 2

Rated short-d ion power-
Rated Maximum Voltage, kV _Rated frequency withstand
. lightning b
Line . ge
impulse N

No. IEEE Values IEC Values withstand
voltage P 1 miq dr wet°©

(See Note 1) (See Note 1)

kV, r.m.s. kV, r.m.s. kV, peak ka,w N rb.s.

(1) (2) (3) @ PGl [\

1 - 12 75 S8\ N 28
- 65~ %6 ) 30
- N\’ / 4 50 45
125 N s (U (A8 38
24 5 N\ |/ 50 50
- 25 60 50
36\ e 70 70

( > N\ 150 70 60

C (36 170 70 70

= 170 70 60

own i Tabﬁ\@)r\&esign tests; refer to 101.1 for field-testing.

a istics ified”as test requirements in this standard.

60 sNor IEZ ratings (column (3)) and 10 s for IEEE ratings in column
esidestime are involved. Refer to IEEE Std 4.

s are_gé€nerally used in most North American countries. IEC values are
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Table 3 — Preferred voltage ratings and related test requirements for reclosers/Fls
applied on cable connected distribution circuits 2

Rated
. lightning Rated short-duration .
I;‘llge Rated Maximum Voltage, kV impulse power-frequency DC withstand test
: withstand withstand voltage P
voltage
IEEE Values IEC Values 15 min
1 min dry wet 9
(See Note 1) (See Note 1) (See Note 3)
kV, r.m.s. kV, r.m.s. kV, peak kV, r.m.s. kV, r.m.s. kV
(1 2) (3) 4) (5) (6) (7)
1 - 12 60 28 28 | 42
3 15,5 - 95 35 ENINRNEN
4 - 17,5 95 38 N Ns7 )/
5 - 24 95 50 50\, 78
6 27 \ 78
7 - /103
8 38 103
9 -- 103
10 38 103
a 7
b 1 ments in this standard.
¢ g and submersible gear since this type of
equipment is interfaced to\the a separable connectors. The test requirements of
separable connectors are i ese values are reproduced here in colummn (7).
Tlhe d.c. withstand tegt reqtirem emonstrates its capability to withstand either d.c.
ithstand or Very lo S
d  Quration of weftest: olumn (3)) and 10 s for IEEE ratings in column (2); pther
differences bk 8 tiMe are ivolye EEE Std 4. Wet tests are not required for pad-mouhted,
dry vault and subMmefsi
NOT ables is not a recommended practice. Very low frequency (VLF)
testi ithstand test. Reference IEEE Std 400.2 [8].
NOT d stamdardize the wet test procedure by adopting the IEC test protocol.|This
test ottage and duration as is used for the dry tests in column (5). Refer to [EEE
Std 4.
NOT . d test duration was reduced to 5 min in the IEEE Std C37.60:2003| and
IEC Q05 reyisions. In the current revision, the test duration is changed back to 15 mjn to
harm S
NOTE 4 VVIEEE values are generally used in most North American countries. IEC values are commonly fpund
outside North America.

4.3 Rated frequency (f;)

The rated power-frequency shall be the frequency at which the recloser/Fl and its components
are designed to operate. The preferred rated power-frequencies are 50 Hz or 60 Hz.

44 Rated normal current and temperature rise

441 Rated normal current (1)

NOTE For purposes of this standard, the term “rated normal current” (/) in IEC is equivalent to the term “rated
continuous current” (/;) in IEEE.
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Subclause 4.4.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

The historic values of 600 A and 1 200 A are recognized as preferred values for existing
designs.

442 Temperature rise

Subclause 4.4.2 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following additions and modifications:

Table [3 of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 is replace¢d“by~Jable @4 [pof this

standgrd.

NOTE |Differences between the two tables are identified by NOTE 2 in Table 4.

a) The temperature rise of any part of switchgear shall not exceed_the te fure'risg limits
specified in Table 4 under the conditions specified in the tesg cla

b) Reclosers/Fls shall be used under the usual service co
c) Cudrrent ratings shall be based on the total temp i sed. A

temperature rise reference is given to permit testing at reducetdhambignt temperaturg.
d) Reclosers/Fls designed for installation in eng shall.hawe their ratings based jon the
veftilation of such enclosures and 4 4 \ 3 .é: outside the enclosufe.

e) Odtdoor reclosers/Fls and indoor 3 s¢without enclosures shall have ratings
baged on a 40 °C ambient temperature
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Table 4 — Limits of temperature and temperature rise for various
parts and materials of reclosers/Fis (1 of 2)

Maximum value

Nature of the part, of the material and of the dielectric

Temperature rise
at ambient air

(Refer to points 1, 2 and 3) (Refer to Note 1) Tempoerature temperature not
(°C) ; o
exceeding 40 °C
(K)
Contacts (see point 4)
Bare COPPErOF bare FataYatar=12 9”!\\}[
- Inair 75
— In SF; (sulfur hexafluoride (see point 5) 105 5
- [Inoi 80 (\ 40
Silver-coated or nickel-coated (see point 6)
- Inair 155 \

— In SF4 (see point 5)

1 X 65

- Inaoil 50

Tin-coated (see point 6) C

= [Inair 65 (Note 2)

— In SF, (see point 5) 65 (Note 2)

- Inoil 50

2 Connection, bolted or the equivq(ent ((s_eQ p(}hvt\)\)\

Bare-copper, bar pper ok bar glumipum

alloy

- Inair 90 50

— In §F; (¢ee pdin 115 75

- /@ 100 60

Silver-coated ickel-coat Woint 6)
115 75
115 75
100 60
105 65
105 65
100 60

6] AT Otrnel COntdactls Or LUllllb‘LliUllb mrade Ol Ddre
metals or coated with other materials

(See point 7)

(See point 7)

4 Terminals for the connection to external conductors

by screws or bolts (see points 8 and 14). (See point 14) (See point 14)

— Bare 90 50

—  Silver, nickel or tin-coated 105 65

—  Other coatings (See point 7) (See point 7)
5 Oil for oil switching devices (see points 9 and 10) 80 (Note 2) 40 (Note 2)
6 Metal parts acting as springs (See point 11) (See point 11)
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Table 4 (2 of 2)

Maximum value

Nature of the part, of the material and of the dielectric

Temperature rise
at ambient air

—  C other insulating material

(

(see points and notes below) Temp(;f(;;ature temperature not
exceeding 40 °C
(K)
7 Materials used as insulation and metal parts in
contact with insulation of the following classes
(see point 12)
- Y 90 50
- A 105 65
- E 120
- B
- F 115
— Enamel: oil base 6
— synthetic 80
- H 140

(See point 13)

8 Any part of metal or of insulatin terial i\gontact
with oil, except contacts

60

9 Accessible parts (See Note 2)

— Expected to be touched in nprmal operati
—  Which need ya\be touched i no@g

50 (Note 2)

70 (Note 2)

NOTE 1 The points re

NOTE 2

4.4.3.

s noted are not harmonized with IEEE Std C37.100.1-

- ] N
rred in this t are thos
. ok
2007 or wit?/l'EQﬁ 71-1:2 )

443
The following\point to in Table 4 and shall be considered as part of the table:
Point 1 function, the same part may belong to several categories ag listed
this case, the permissible maximum values of temperatute and
rise to be considered are the lowest among the relevant categories.
Point 2: For vacuum switching devices, the values of temperature and temperatufe rise
limits are not applicable for parts in vacuum. The remaining parts shall not gxceed
the values of temperature and temperature rise given in Table 4.
Point 3: Care shall be taken to ensure that no damage is caused to the surrounding
insulating materials.
Point 4: When engaging parts have different coatings or one part is of bare material, the
permissible temperatures and temperature rises shall be the following:
e for contacts, those of the surface material having the lowest value permitted in
item 1 of Table 4;
e for connections, those of the surface material having the lowest value permitted
in item 2 of Table 4.
NOTE 1 Point 4 is harmonized with IEEE Std C37.100.1-2007 but not with IEC 62271-1.
Point 5: SFg means pure SFg or a mixture of SF5 and other oxygen-free gases.
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NOTE 2 Due to the absence of oxygen, a harmonization of the limits of temperature for different contact and
connection parts in the case of SF; switchgear appears appropriate. In accordance with IEC 60943:1998 [9], which
gives guidance for the specification of permissible temperatures, the permissible temperature limits for bare copper
and bare copper alloy parts can be equalized to the values for silver-coated or nickel-coated parts in the case of
SFg atmospheres. In the particular case of tin-coated parts, due to fretting corrosion effects (refer to
IEC 60943:1998) an increase of the permissible temperatures is not applicable, even under the oxygen-free
conditions of SF. Therefore, the initial values for tin-coated parts are kept.

Point 6: The quality of the coated contacts shall be such that a continuous layer of coating
material remains in the contact area.

a) after making and breaking test (if any),
b) after short-time withstand current test,

C) darter the mechnanical endurance test.

According to the relevant specifications for each equip e, the
contacts shall be regarded as “bare.”

Point T: When materials other than those given in Table 4 gr 5 shall
be considered, notably in order to determing issible

temperature rises.

Point §: The values of temperature and temperature if the conductor

connected to the terminals is bare.
Point 9: At the upper part of the oil.

Point 10:  Special consideration sho ard to

vaporization and oxidatio

Point 11: The temperature shall not reach™a re—t rial is

impaired.

Point 12: 271-1.
Refer also to {EC

Point 13: ts.

Point 14: These~a ictors.
For 85 °C
hottes for the

NOTE 3
4.5

Subcls
followi

th the

ar can
of use

and behaviour.

The standard value of rated short-time withstand current for new design should be selected
from the R10 series and shall be equal to the short-circuit rating assigned to switchgear. The
historic values of 6 000 A and 12 000 A, are also considered as preferred values.

NOTE The R10 series comprises the numbers 1 - 1,25-16-2-2,5-3,15-4 -5 - 6,3 — 8 and their products
by 10M.

A recloser/Fl is required, by definition, to open and interrupt any current within its symmetrical
interrupting current rating with the duration of the current defined by its automatic control.
This capability is demonstrated by the standard operating duty test defined in 6.103.4.
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4.6  Rated peak withstand current (/)
Subclause 4.6 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

The rated peak withstand current is associated with the rated symmetrical interrupting current
unless higher values are stated by the manufacturer.

An automatic circuit recloser is required, by definition, to open and interrupt any current within
its symmetrical interrupting current rating with peak currents determined by the X/R of the
defined test circuits. This capability is demonstrated by the standard operating duty test
definefl in 6.703.4.

4.7 |Rated duration of short-circuit (z,)

Subclguse 4.7 of IEEE Std C37.100.1-2007 or IEC 62271-1:200
following addition:

The sjandard rated duration of short-circuit (7) is 0,5
manuffcturer and listed on the nameplate. Optional pre

by the

4.8 Rated supply voltage of closing and op ntrol

circuits (U,)

Subclg th the

followi

NOTE 1 ered or
self-poy internal
batterie.

The teg sed to
establ same
meani

NOTE 2 voltage
wherea

accepta

4.9 uits
Subcls

4.10 |Rated pressure of compressed gas supply for controlled pressure systems

For devicesthatuse a compressed gas suppty, the Tated pressure of compressed gas supply
for insulation and/or operation shall be stated by the manufacturer.

411 Rated filling levels for insulation and/or operation

The pressure in Pa or PSI (or density) or liquid mass shall be assigned by the manufacturer
referred to atmospheric air conditions of 20 °C at which the gas-filled or liquid-filled
switchgear is filled before being put into service.

4.101  Rated minimum tripping current (7, i)

The minimum tripping current shall be stated by the manufacturer with a tolerance not to
exceed the greater of £10 % or £3 A.
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NOTE 1 The minimum tripping current for shunt-trip reclosers/Fls is variable and is independent of the rated
continuous (normal) current. Information on specific reclosers/Fls should be obtained from the manufacturer.

NOTE 2 The term rated minimum tripping current (I mi») is similar to the term G; in IEC 60255-151 [11].
4.102 Rated symmetrical interrupting current (short-circuit breaking current)

The rated symmetrical interrupting current is highest value of the symmetrical component of
the short circuit current that the recloser/FI shall be capable of breaking under the conditions
of use and behavior prescribed in this standard. Such a current is found in a circuit having a
power-frequency recovery voltage corresponding to the rated voltage of the recloser/Fl and
having a transient recovery voltage equal to the value specified in 4.103.

NOTE 1 The term rated symmetrical interrupting current as used in this standard is eqyivalen
short-cifcuit current as used in IEEE Std C37.04 and short-circuit breaking current as us€q, i

The pteferred rated symmetrical interrupting currents of reclosers/f
the R10 series specified in IEC 60059 [12]. See Annex | for ratings
seriesitrip reclosers and oil interrupting reclosers.

NOTE 4 The R10 series comprises the numbers 1 — 1,25 - 1,6 — nd their

product$ by 107,

The rg ser/Fl

to inte ven in
Colum jual to
the ra | Table
7, Tab

4.103 nt
4.103.

The tr is the
refere ircuits
that th

NOTE 1 ge” are
often uged interchang

The vg y ective
transig values for the test circuits. They apply to reclosers/Fl for general

distrib : g systems having service frequencies of 50 Hz or 60 Hz and
consisfi ers, overhead lines and short lengths of cable or in cable conpected
circuit$ as outlined.in fable 5.

In the lapplications where more severe TRV conditions exist, additional test requiremenis may
be required. A particular case is where the recloser is directly connected to a transformer
where a fault on the secondary side provides approximately 50 % or more of the rated
symmetrical interrupting current of the recloser and without appreciable additional
capacitance between the recloser and the transformer or fault. See Annex F and Annex G for
additional information on the definition and application of reclosers and fault interrupters.

NOTE 2 For additional information on transformer-influenced TRV, refer to IEEE Std C37.06.1 [13] or
IEC 62271-100.

4.103.2 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 38 kV, the transient
recovery voltage approximates to a damped single frequency oscillation. This waveform is
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adequately represented by an envelope consisting of two line segments defined by means of
two parameters, a voltage parameter and a time parameter. This envelope is the straight-line
boundary of a TRV with the 1-cosine wave shape produced by typical distribution circuits.
Methods of drawing TRV envelopes are given in Annex C.

The influence of local capacitance on the source side of the circuit breaker produces a slower
rate of rise of the voltage during the first few microseconds of the TRV. This is taken into
account by introducing a time delay.

4.103.3 Representation of TRV

The fo[lowing parameters are used for the representation of TRV:
a) Two-parameter reference line (see Figure 2):
u; |s the reference voltage (TRV peak value), in kV;
t3 is the time to reach u, in ms.
TRV parameters are defined as a function of the rated yolta i b-clear
fagtor (kpp) and the amplitude factor (k) as follows:
th Llts on
calbple connected systems.
— kp
— kp
~ |%pp
thg rate of rise of recoV is specified as a function of the gystem
voltage based on
t3 is derived f : ' of the RRRV as 753 = u/RRRV.
b) Delay line of@ i
tq 5 the time deg
u' § reference \olt
¢t q time {Q reach
The ¢ ne first
se¢tio dinate
t’).
tq ¥ 0,15,% 15, u™=u /3 and
' i$ defived from u', u. /t, and ¢4 according to Figure 2, ' = ¢4 + u'/RRRV.
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LT
1
1
n
1
1
]
;>_; 1 Reference line

= ! of specified TRV
1
o .
o 1
= ” \
S Wl----- -7 .

/ ' : Delay line
-0 ' of specified
' '
0 J :
0 tq 4 13
4.103 E
4.103.4.1 General

The sfandard values of

4.103.
Table
derive

purpoges of specificati

In Tab
are de|
of the

The tr
when
rated
rated

e s/%\ake se of the two parameters descri

able 6, \Table 7, Table 8, Table 9, Table 1

d time to riac , J/RRRV. These parameters may be us

transignt.recovery voltage at short-circuit breaking currents less than 100 % of the rateg
are aldo.specified in Table 6, Table 7, Table 8, Table 9, Table 10 and Table 11.

nt

bed in
0 and
nd the
d for

d T20
20 %

urrent
to the
of the
ues of
value
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Table 5 — Listing of tables describing TRV values under different rating conditions

4.103.4.2 First-pole-to-clear factor (k

Table :):I;z Application Type of device Interrupting current
Table 6 3 Overhead line Recloser >4 000 A
Table 7 1 Connected circuits Recloser > 4 000 A
Table 8 3 Recloser >4 000 A

Cable connected circuits
Table 9 1 Recloser >4 000 A
Overhead line and
Cable connected circuits Reclosers <4000 A
T4ble 10 3
Cable connected circuits Fault interrupters \( Nngs
N~
c Overhead line a_nd _ Reclosers B 00
Table 11 1 able connected circuits
Cable connected circuits Fault intéup\teni All ratings
AN

pp)

The TRV values are a function of the first-pole-tg a N he first-pole-to-clearn factor
is a fdnction of the distribution systg [ d’the characteristics |of the
switchpear itself.

a) Unearthed (ungrounded) systems ) (and historic) basis of |rating

reglosers/Fls is for a three-phase\un i of 1)5. For
three pole reclosers/P g i ofitacts part simultaneously, th¢ TRV
values in the tables are fox the fir a three-phase unearthed (ungrounded)
faylt. The first-pol d making the voltage experienced py the
firgt-pole-to-clear ¢ .
For single .@ F1 th ated together in a three-phase installatign, but
where the inte ST : gart simultaneously, the TRV values in the tables are
stil ge-phase unearthed (ungrounded) fault. A first-phase-
to-glear factog of\1 ed sinice the voltage experienced by the first-pole-to-dlear is
eqyal to 1 ime neutfal voltage, which is the full phase-to-phase voltage. This
acg¢ounts<for g jth a large separation in the times at which the interfupters
opé¢ e isvthat one interrupter sees the full phase-to-phase vopltage.
Exg condition are three independent single-phase reclosers operating in a
cluster on_axth se distribution feeder or a set of three single-phase reglosers
opgrating«froln a cgmmon control (typically referred to as a triple-single recloser).

NOTE 1| Fhe-terms “ground” and “grounding” in IEEE are equivalent to the IEC terms “earth” and “earthingf.

b) Solidhyearthed{grounded)-systems—Forselidhyearthed{grounded)distribution-systems,

the first-pole-to-clear factor of is 1,0 making the voltage experienced by the first-pole-to-
clear equal to 1,0 times line-to-neutral voltage.

For actual single-phase operation with a single pole recloser/Fl on a single-phase circuit,
the circuit is typically connected from phase to neutral and the neutral is solidly earthed

(gr

ounded).

Although reclosers may be applied on solidly earthed (grounded) systems, the basis of
rating and test requirements are for unearthed (ungrounded) systems using a first-phase-
to-clear factor of 1,5 or 1,732 as explained in a) above.

c) Effectively earthed (grounded) neutral systems — Some systems, including four-wire
distribution circuits as frequently used in North America, are generally found to be
effectively earthed (grounded) where a kop of 1,3 would be appropriate.
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Reclosers/Fls that are tested for the unearthed (ungrounded) condition are considered
suitable for the effectively earthed (grounded) systems and additional testing is not
required by this standard.

NOTE 2 Three-phase testing with an effectively earthed (grounded) circuit may require special consideration by a
test laboratory. Any consideration of such tests should be by agreement among the manufacturer, user and the test
laboratory.

4.103.4.3 Rate of rise of recovery voltage (RRRV)

For reclosers where the rated short-circuit breaking current is > 4 000 A r.m.s. and the

recloser is applied in circuits connected by overhead lines, the TRV values,

RRRV
TRV v

For r¢g
reclos¢
are ap
cables
Table

For re
reclos
have H
breaki
overhe

For fa
apply

NOTE 1
the pow|

NOTE 2
derived

including the

+iall o +h H S+~ o H HE S [l +
darc CTootlitually Uit odllit "do TUOT opPUTUITITCU 1T LTS PUVWTT  UITUUTL VT CTANTT otdl

hlues for these applications are covered in Table 6 and Table 7.

Closers where the rated short-circuit breaking
br is applied in circuits connected by eithe

The RRR
from the fuse sté

dards.

ut the

fJ¢s that

of the
8 and

bre the
values
circuit
ed by

1 shall

cified in

.;n.s. are
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Table 6 — Standard values of prospective transient recovery voltage representation by
two parameters for three-phase reclosers with rated symmetrical interrupting currents
> 4 000 A in overhead line connected circuits

v%?tt:gde Z:f; Flt:;s-tclpeoallfe Ar?::ittourde TRV\;I?‘?k Time Time delay| Voltage Time R?itseeof
actor

U, kpp ko u, 1y 1y u' t ult,
(kV) (kV) (us) (Us) (kV) (Us) (kV/us)
12 100 55 54 2276 29 7 7.5 = 0,77
12 T50 1,5 1,68 24,7 17 3 8, 8 1,45
12 T20 1,5 1,77 26,0 12 2 BT (N OB 2,21
15,5 T100 1,5 1,54 29,2 32 5 O N5 N\ [ 092
15,5 T50 1,5 1,68 31,9 18 3 10,6 9 1,73
15,5 T20 1,5 1,77 33,6 13 2\ A2\ 8 2,64
17,5 T100 1,5 1,54 33,0 34 <\ [ Yo 16 0,97
17,5 T50 1,5 1,68 36,0 20 3 WO\ 2e ] 10 1,82
17,5 T20 1,5 1,77 38,0 1w LK 127 7 2,78
24 T100 1,5 1,54 453 | 48 |/ e 5,1 21 1,05
24 493 AN\ 25 (74 b 164 12 1,97
24 52, \ 3 ) 17,4 8 3,01
27 9 47 ~ 17,0 23 1,08
27 ( 55 2% 4 18,5 13 2,03
27 \ 58,5, N 3 19,5 9 3,10
36 6% | 9 22,6 28 1,19
36 720> /33 5 24,7 16 2,24
36 8,1\ 23 3 26,0 11 3,42
38 1Y 59 9 23,9 29 1,21
38 A 34 5 26,0 17 2,27
38 82,4 24 4 27,5 11 3,47

Specified V Calculated values in the table

U, = 7R = TRV peak value

kop = u, = kpp X kgt erm

kop = u, = 0,816 5xkpp X kgt XUy

kot = t3 = Time to U,

ky (T100) | & Specified = 1,54 ty = u/RRRV

k¢ (T50) = kg, (T100) x 1,09 = 1,68 ty = Time delay for the delay line

kys (T20) = k, (T100)x 1,15 = 1,77 ty = 0,15x1,

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified u' = u3

RRRV (T50) = RRRV (T100) x 1,88 ¢ = Timetou

RRRV (T20) = RRRV (T100) x 2,87 ¢ = 1, +u'/ RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.

Published by IEC under license from IEEE. © 2012 IEEE. All rights reserved.



https://iecnorm.com/api/?name=14d0fd5f28373cb664b8ca029c040a00

— 38 -

IEC 62271-111:2012(E)
IEEE Std C37.60-2012(E)

Table 7 — Standard values of prospective transient recovery voltage representation by
two parameters for single-phase reclosers with symmetrical interrupting currents
>4 000 A in overhead line connected circuit

v%latt::e Zﬁf; F;E)S-télr:z(:alf- Ar?:(!ittourde TRv\glziak Time Time delay| Voltage Time R?it:eOf
actor

U, kpp k¢ u, 1y ty u' t ult,
(kV) (kV) (Ks) (ps) (kV) (ps) (kV/ps)
12 T100 1,732 1,54 26,1 34 5 8,7 16 0,77
12 T50 4‘7'1') 1. 68 ')Q‘R 20 2 O’E 10 1’45
12 T20 1,732 1,77 30,1 14 2 10, 7 2,21
15,5 T100 1,732 1,54 33,8 37 6 A3 A AR 0,92
15,5 T50 1,732 1,68 36,8 21 3 (23 10 1,73
15,5 T20 1,732 1,77 38,8 15 2 12,9 7 2,64
17,5 T100 1,732 1,54 38,1 39 6\ N2 A 70 0,97
17,5 T50 1,732 1,68 41,5 23 O3\ B8 \| 1 1,82
17,5 T20 1,732 1,77 43,8 16 2 NoXine 8 2,78
24 T100 1,732 1,54 52,3 50" 2 R4 24 1,05
24 T50 1,732 1,68 570 | 29 |/ 44 \19,0 14 1,97
24 T20 1,732 1,77 | 7601 K 20 3 > 20,0 10 3,01
27 T100 1,732 1,54 5818, 54 8 ) 19,6 26 1,08
27 T50 1,732 1,68 - b4,1 32 57 21,4 15 2,03
27 T20 1,732 1,77 (676 2 3 22,5 11 3,10
36 T100 1,732 1,54 \ 784 N 10 26,1 32 1,19
36 T50 1,732 66 885 M 38 6 28,5 18 2,24
36 T20 1,739\ 1,77 (982~ J26 4 30,1 13 3,42
38 7100 | 4,733 [ \0s4 Ng2,8\ 68 10 27,6 33 1,21
38 750 | < 1,782 < 68 902 40 6 30,1 19 2,27
38 T20 X752 1, 95,2 27 4 31,7 13 3,47

Specified ¥ Calculated values in the table

U, = u, = TRV peak value

Kop = u, = kpp X keaf erm

kop = u, = 0,816 5xkpp X kot XUy

ko = tg = Time to u,

ke (T100) ty = u/RRRV

k¢ (T50) = kg, (T100) x 1,09 = 1,68 ty = Time delay for the delay line

ko (T20) = Ko (TTO0) X T,T5 = T.77 [ = U, TS5 X7

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified " = w3

RRRV (T50) = RRRV (T100) x 1,88 ¢ = Timetou

RRRV (T20) = RRRV (T100) x 2,87 ¢ = t,+u'/ RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.
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Table 8 — Standard values of prospective transient recovery voltage representation by
two parameters for three-phase reclosers with symmetrical interrupting currents

>4 000 A in cable connected systems

v%latt::e Zﬁf; Flt:;s-tclpe;:alrfe Ar?:(!ittourde Ts/\glziak Time Time delay| Voltage Time R?it:eOf
actor

U, kpp ko u, 1y 1y u' t ult,
(kV) (kV) (us) (Us) (kV) (Us) (kV/us)
12 T100 1,5 1,40 20,6 61 9 6,9 29 0,34
12 T50 15 7,53 225 20 3 75 _—_ 10 1,14
12 T20 1,5 1,61 23,7 13 2 7.9 6 1,81
15,5 T100 1,5 1,40 26,6 68 10 PREEONEN 0,39
15,5 T50 1,5 1,53 29,0 22 3 N N1 S| 130
15,5 T20 1,5 1,61 30,6 15 2, \ 10 7 2,07
17,5 T100 1,5 1,40 30,0 71 1\ | 20\ [\ 35 0,42
17,5 T50 1,5 1,53 32,8 23 FEANNANE 11 1,40
17,5 T20 1,5 1,61 34,5 15 M. 7 2,23
24 T100 1,5 1,40 41,2 86 (N X 137 42 0,47
24 T50 1,5 1,53 450 |8 ) Ad 15,0 14 1,57
24 T20 1,5 1,61 3 ANV T3 158 9 2,50
27 T100 1,5 1,40 46,3 MOV 14/ 15,4 46 0,49
27 T50 1,5 1,53 6 31 5 16,9 15 1,64
27 T20 1,5 1,61 | 53 20\ 3 17,7 10 2,61
36 T100 1,5 1,40 \61, N\ N 16 20,6 52 0,57
36 T50 15 &8 o7 38" 5 22,5 17 1,90
36 T20 15 | 61 (N 7o 23 4 23,7 11 3,03
38 T100 | N5\ PN 2 > 109 16 21,7 52 0,60
38 750 | \ 5N\ ns3 1.2 36 5 23,7 17 2,00
38 T20 K5 18I ANIN\74,9 23 4 25,0 11 3,19

Specified ¥ Calculated values in the table

U, = 7R = TRV peak value

Kop = u, = kpp X kgt ><UM/2/73

kop = u, = 0,816 5xkpp X kgt XUy

kot = t3 = Time to U,

ke (T100) ty = u/RRRV

k¢ (T50) = k, (T100) x 1,09 = 1,53 ty = Time delay for the delay line

Ky (T20) = ky (T100)x 1,15 = 1,61 ty = 0,15x1,

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified ' = w3

RRRV (T50) = RRRV (T100) x 3,34 ¢ = Timetou

RRRV (T20) = RRRV (T100) x 5,32 ¢ = 1y +u/RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.
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Table 9 — Standard values of prospective transient recovery voltage representation by
two parameters for single-phase reclosers with symmetrical interrupting currents
>4 000 A in cable connected systems

v%latt:gde Zﬁf; Flt:;s-tclpe;:alrfe Ar?:(!ittourde TRV\;I?‘?I( Time Time delay| Voltage Time R?it:eOf
actor

U, kpp ko u, 1y 1y u' t ult,
(kV) (kV) (us) (Us) (kV) (Us) (kV/us)
12 T100 1,732 1,40 23,8 70 10 7,9 34 0,34
12 T50 1,732 7,53 26,0 73 3 87 4 711 1,14
12 T20 1,732 1,61 27,3 15 2 9. 7 1,81
15,5 T100 1,732 1,40 30,7 79 12 02 (38 0,39
15,5 T50 1,732 1,53 33,5 26 4 R N2 S| 130
15,5 T20 1,732 1,61 35,3 17 3, \118 8 2,07
17,5 T100 1,732 1,40 34,6 82 12\ | s\ [\ A0 0,42
17,5 T50 1,732 1,53 37,9 27 EEENNANEE 13 1,40
17,5 T20 1,732 1,61 39,8 18 R 9 2,23
24 T100 1,732 1,40 47,5 101 N I8¢ 198 49 0,47
24 T50 1,732 1,53 51,9 | (88 ) A6 17,3 16 1,57
24 T20 1,732 1,61 B46 AN 22 [ (3  f 182 11 2,50
27 T100 1,732 1,40 53, 109>\ 16/ 17,8 53 0,49
27 T50 1,732 1,53 4 36 5 19,5 17 1,64
27 T20 1,732 1,61 X 2N 4 20,5 11 2,61
36 T100 1,732 1,40~ \71,3\ 125, 19 23,8 60 0,57
36 T50 1,732, &8 A\ W1 6 26,0 20 1,90
36 T20 1,733 61 (82 27 4 27,3 13 3,03
38 T100 | N732\ PN 2 > 125 19 25,1 61 0,60
38 750 | \1732\ | ns3 82,2 41 6 27,4 20 2,00
38 T20 1,32 18I\ 86,5 27 4 28,8 13 3,19

Specified ¥ Calculated values in the table

U, = 7R = TRV peak value

ko = ug = oy xkar XUpy[2/3

kop = u, = 0,816 5 x kpp X kat XUy

ko = ty = Time to u,

k, (T100) | = Specifiégd = 1,4 ty = u/RRRV

ks (T50) = k.. (T100) x 1,09 = 1,53 1, = Time delay for the delay line

k,; (T20) = ky (T100)x 1,15 = 1,61 ty = 0,15x1,

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified " = w3

RRRV (T50) = RRRV (T100) x 3,34 ¢ = Timetou

RRRV (T20) = RRRV (T100) x 5,32 ¢ = t,+u'/ RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.
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Table 10 — Standard values of prospective transient recovery voltage representation by
two parameters for three-phase reclosers with symmetrical interrupting currents

<4000 A in both overhead and cable connected systems and three-phase fault

interrupters of all interrupting ratings in cable connected systems

v%?tt:gde Z:f; Flt:;s-tclpeoallfe Ar?::ittourde TRV\;I?‘?k Time Time delay| Voltage Time R?itseeof
actor

U, kpp ko u, 1y 1y u' t ult,
(kV) (kV) (us) (Us) (kV) (Us) (kV/us)
12 100 55 54 2276 176 8 7.5 57 0,19
12 T50 1,5 1,54 22,6 117,6 18 75 57 0,19
12 T20 1,5 1,54 22,6 117,6 18 5 (N 5% 0,19
15,5 T100 1,5 1,54 29,2 132,9 20 Ao o4 \ [ 022
15,5 T50 1,5 1,54 29,2 132,9 20 o 64 0,22
15,5 T20 1,5 1,54 29,2 132,9 20\ 7\ o 0,22
17,5 T100 1,5 1,54 33,0 1405 | 22\ [ Xdir.0 68 0,24
17,5 T50 1,5 1,54 33,0 140,5 2 £ONTe | 68 0,24
17,5 T20 1,5 1,54 33,0 1495 L 2 110 68 0,24
24 T100 1,5 1,54 453 | 661 0|/ A5 5,1 80 0,27
24 T50 1,5 154 |53 [\ 165,1 (25 P 151 80 0,27
24 T20 1,5 1,54 45, 16,1 25 ) 15,1 80 0,27
27 T100 1,5 1,54 9 N ONmsA | 27 17,0 86 0,29
27 T50 1,5 1,54 [ 50 787 27 17,0 86 0,29
27 178,7 27 17,0 86 0,29
36 HEEL 32 22,6 103 0,32
36 13,9 32 22,6 103 0,32
36 213,9 32 22,6 103 0,32
38 222,2 33 23,9 107 0,32
38 222,2 33 23,9 107 0,32
38 222,2 33 23,9 107 0,32

Specified V Calculated values in the table

U, = 7R = TRV peak value

kop = u, = kppxkaform

kop = u, = 0,816 5xkpp X kgt XUy

kot = t3 = Time to U,

ky (T100) | & Specified = 1,54 ty = u/RRRV

k¢ (T50) = kg, (T100) x 1,09 = 1,54 ty = Time delay for the delay line

kys (T20) = k, (T100)x 1,15 = 1,54 ty = 0,15x1,

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified u' = u3

RRRV (T50) = RRRV (T100) ¢ = Timetou

RRRV (T20) = RRRV (T100) r = 1, +u'/ RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.
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Table 11 — Standard values of prospective transient recovery voltage representation by
two parameters for single-phase reclosers with symmetrical interrupting currents
<4000 A in both overhead and cable connected systems and single-phase fault

interrupters of all interrupting ratings in cable connected systems

v%?tt:gde Z:f; Flt:;s-tclpeoallfe Ar?::ittourde TRV\;I?‘?k Time Time delay| Voltage Time R?itseeof
actor

U, kpp ko u, 1y 1y u' t ult,
(kV) (kV) (us) (Us) (kV) (Us) (kV/us)
12 100 732 54 26,1 35,8 20 87 66 0,19
12 T50 1,732 1,54 26,1 135,8 20 8,7 66 0,19
12 T20 1,732 1,54 26,1 135,8 20 BT (N 08 0,19
15,5 T100 1,732 1,54 33,8 153,4 23 NN 74 \ [ o022
15,5 T50 1,732 1,54 33,8 153,4 23 113 74 0,22
15,5 T20 1,732 1,54 33,8 153,4 23\ WEN 2 0,22
17,5 T100 1,732 1,54 38,1 1622 | 2\ [\ya2.7 78 0,24
17,5 T50 1,732 1,54 38,1 162,2 24 NYO\2ZR | 78 0,24
17,5 T20 1,732 1,54 38,1 1622 N 2¢ 127 78 0,24
24 T100 1,732 1,54 523 | ~9\8 S|/ f@9 7.4 93 0,27
24 T50 1,732 154 |/523 AN\ 1918 (2p b 174 93 0,27
24 T20 1,732 1,54 52, 19¢,8 29 ) 17,4 93 0,27
27 T100 1,732 1,54 8 N s X | 3T 19,6 100 0,29
27 T50 1,732 1,54 ( 58 208,3 31 19,6 100 0,29
27 \58,8, 20,3 31 19,6 100 0,29
36 784 | 600 37 26,1 119 0,32
36 ] 46,9 37 26,1 119 0,32
36 8.4\ | 246,9 37 26,1 119 0,32
38 828" | 256,6 38 27,6 124 0,32
38 8 256,6 38 27,6 124 0,32
38 82,8 256,6 38 27,6 124 0,32

Specified V Calculated values in the table

U, = 7R = TRV peak value

kop = u, = kpp X kaf erJ%

kop = u, = 0,816 5xkpp X kgt XUy

kot = t3 = Time to U,

ko (T100) [ & Specified = 1,54 ty = u/RRRV

k¢ (T50) = kg, (T100) x 1,09 = 1,54 ty = Time delay for the delay line

Ky (T20) = ky (T100)x 1,15 = 1,54 ty = 015x1,

RRRV = Rate of rise of recovery voltage u' = Voltage point for the delay line

RRRV (T100) = Specified ' = u/3

RRRV (T50) = RRRV (T100) / = Timetou

RRRV (T20) = RRRV (T100) z' = 1y +u/RRRV

NOTE The TRV values are calculated for unearthed systems and they cover earthed systems as well. See 4.103.4.2.
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4.104 Rated symmetrical making current (short-circuit making current)

Reclosers and fault interrupters shall be capable of making, at any applied voltage, up to and
including that corresponding to their rated voltage, any current up to and including their rated
symmetrical making current.

The rated symmetrical making current shall be the same value as the rated symmetrical
interrupting current, with maximum asymmetry corresponding to the X/R ratio in column (9) of
Table 12.

@C@
S
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4.105 Rated operating sequence

The rated characteristics of the recloser and fault interrupter are referred to the rated

operating sequence. The preferred rated operating sequences shall be:

a) for automatic circuit reclosers: O-¢t-CO -¢ - CO - " - CO,
b) for fault interrupters: Cco.

Other sequences may be used

where

0] EPTESENtS arm OpeT Uperation,

CO 1epresents a closing operation followed by an opening operati
ontrolled by the automatic control of the device.

The preferred values for the reclosing intervals are: t = 0,5 s, ' = 2 %
the fagtest rapid reclosing interval capability of the device con
Other teclosing intervals may be used.

NOTE |[See Annex | for rated operating sequence for oil interrupting-res

The operating sequence and reclosing intervals represgn} theNpi
the d¢vice and shall be demonstrated in the sta

and 6]103.5. Other operating sequengés

selecfion by the user.

4.106 | Rated line and cable chargi

The (dreferred line and
given|in Table 13.

Table 13 ~ Preferre

axhpum Maximum current
voltage
A (r.m.s.)

5.

V
Line charging Cable Charging
e > z o
\\ \ 155 2 10
N 24 5 25
> 27 5 25
36 5 40
38 5 40

charging interrupting current ratings

delay

enting
ontrol.

ility of
.103.4
ble for

are as

5 Design and construction

5.1 Requirements for liquids in switchgear and controlgear

Subclause 5.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

5.1.1 Liquid level

Subclause 5.1.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

Published by IEC under license from IEEE. © 2012 IEEE. All rights reserved.
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51.2 Liquid quality

Subclause 5.1.2 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

51.3 Oil sampling provision (submersible reclosers/Fls)

When oil is used as the insulating medium, provision shall be made to obtain a bottom oil
sample.

5.2 Requirements for gases in switchgear and controlgear

Subclguse520o

5.3 |[Earthing of switchgear and controlgear

NOTE |[The terms “ground” and “grounding” in IEEE are equivalent to the IEC terms “

A reclpser/FI with a metal housing shall have provisions f6 earth
(groun(d) lead.
The eprth (ground) connector shall accommodate &n earth (g B size

adequfpte to conduct the rated symmetrical interrfiptipgy cutfent>ef the recloser/FIl for the
duratign of at least 1,57, without damage to the e rent of
the first major loop shall be as i 07 or
IEC 63271-1:2007.

br that
Il also

A reclpser/Fl control housing that ma
contaips control elements that rely on
have grovisions for the co 0

Pad mounted, dry vaul
(grounding) conni ‘
5.4 |Auxiliary and

Subclquse 5.4 of

5.5 |[Depend

Subclgquse

5.6 [Stored-energy Operation

Subclguse’5.6 of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 are not applicable.

NOTE 1 When indicators are used on stored energy operating mechanisms, guidance on the colors or symbols
should be taken from IEC 60073 [38] and IEC 60417 [39].

NOTE 2 Customer (user) preferences or local codes for indicators should be specified by the user.

5.7 Independent manual operation or power operation (independent unlatched
operation)

Subclause 5.7 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition.

6 The statement that “Sublause x.x of IEEE Std C37.100.1:2007 and IEC 62271-1:2007 are not applicable”
without further qualification means that no requirements exist for this topic within this standard.
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Reclosers/Fls shall be provided with a manual operating lever to open the recloser/Fl. The
operating lever shall be suitable for operation with a hot line stick.

NOTE Some applications may require that the operating lever on a submersible recloser/Fl be located such that
one person standing on the surface can operate it without standing directly over the recloser/Fl. These special
applications should be specified by the user.

5.8 Operation of releases

The operation limits of releases shall be as specified in 5.8.1, 5.8.2, 5.8.3 and 5.8.4.

5.8.1 Shunt closing release

A shupt closing release shall operate correctly within the minimum and QUM oszrating

voltage range specified in 4.8.

5.8.2 Shunt opening release

e co der all

If shupt releases are supplied, a shunt opening release sha
\ tr|I| terncuptmg current.

operatjng conditions of the switching device up to its rated g

a) If
relp

~400.1, the opening
erating voltage|range

spe

b) If fhe auxiliary control is rated in a ‘ -1/ the opening releasge shall
opge [ .C. n the case of a.c. and 110 %
of

5.8.3

When, 1 legse, a rectifier-capacitor combination is

provide [ i the charge of the capacitors to be derived

y supply, the capacitors shall retain a ¢harge

from t 8 A
suffici¥nt for satjsfact i elease 5 s after the voltage supply hag been
disconnected fr ¢ s ofthe combihation and replaced by a short-circuiting link.

The vd 'rc it before disconnection shall be taken as the lowest voltage of
the sy$ - oltage of the switching device.

5.8.4

If und S sare supplied, an under-voltage release shall operate to opgn the

switch|ng devicel wheh the voltage at the terminals of the release falls below 35 % of it$ rated
voltage, evenif the is slow and gradual.

On thr othar han{ |I- Oh’)“ nr\i f\nt\rqi‘n +hn ouni-r\hlnn Ar\\nr\r\ \uhr\n {'hn \lr\ll- aJae-at itc tar Inals
e—-otHHer—rdanra ope g s Ttct to—teH

ge—atd
exceeds 70 % of its rated supply voltage.

The closing of the switching device shall be possible when the values of the voltage at the
terminals of the release are equal to or higher than 85 % of its rated voltage. Its closing shall
be impossible when the voltage at the terminals is lower than 35 % of its rated supply voltage.

5.9 Low- and high- pressure interlocking devices and monitoring devices

Subclause 5.9 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

NOTE Low and high pressure interlocking devices are generally applicable to reclosers/Fls using compressed air
or closed pressure SFy as insulating or interrupting medium. For sealed-pressure systems, these devices are not
required.

Published by IEC under license from IEEE. © 2012 IEEE. All rights reserved.



https://iecnorm.com/api/?name=14d0fd5f28373cb664b8ca029c040a00

- 48 - IEC 62271-111:2012(E)
IEEE Std C37.60-2012(E)

5.10 Nameplates

Subclause 5.10 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable, with the
following additions.

The nameplates for recloser/Fl shall be marked in accordance with Table 14.

NOTE It should be stated whether pressures (or densities) are absolute or relative values.

If the switchgear consists of several poles with independent operating mechanisms, each pole
shall be provided with a nameplate. This requirement does not apply if all of the pole

mechamisms—aremotntedteo—a—commoen-—Sstracture-

For sybmersible reclosers/Fls, a nameplate of stainless steel or otfier cg 3 sistant
materipl shall be provided. The nameplate shall be securely attacher ; ank by
meang of stainless steel screws, rivets, or other corrosion resista ) etters,
schemjatics and numbers shall be permanently stamped, ep ¢ aved on the
nameflate.

W
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Table 14 — Nameplate markings

s Condition: P
Abbreviation . . Marking
(NOTE 1) Unit Marklr.ig 0|:|Iy requirement
required if
(1) (2) (3) (4) (3)

Manufacturer's name or X

trademark

Manufacturer’s type X

designation

Equipment type a X

Rated maximum voltage VorU, kV L X

Rated lightning impulse

withstand voltage Up kv X

A\

Rated power-frequency Rating is Kot

S Hz applicable at bo
50 %Z%NQ Hz

Rated continuous (normal) 7 A \ X

current r 4 \

E?(t:i?t duration of short b /\\&@ trom\0.5% y

N

Rated symmetrical \)

interrupting current (rated

short-circuit breaking s \ Ark X

current)

Rated minimum tripping Wadjustable

current min A series-trip- y

(\ reclosers/Fls
Rated operating sequenc \) Different from the
preferred sequences y
[\ N\ (see 4.105)
Rated ice bpeaki Greater than 1 mm
capabilit and if type testing is (X)y
required, see 6.110

Type and quaitity ( Iu%e?\ | (gal) or

of I'?“t',d o : S If gasy o kg (Ibs) | Contains fluid or gas y

insulatin ateKa

& (NOTE 2)
Mass\(includinggo INor &t\/ kg (Ibs) N
)‘r%d\d vicag) (NOTE 2)

wa of «

manufacture

In Columnw the marking of these values is mandatory; blanks indicate the value zero.

(X) = the marking of these values is optional.
y-= t: 1< |||a|'r\i||9 Uf t:IUbU VG:UUD tU ﬁlc LzUIIUIitiUﬂs ;II \JU:UIIIII \4/

@ Equipment type: the nameplate shall also contain the word(s) “recloser”, “cutout mounted
recloser”, or “fault interrupter” in accordance with its operating sequence capability as given in
4.105.

NOTE 1 The abbreviation in column (2) may be used instead of the term in column (1). When the

term in column (1) is used, the word “rated” is not required.

NOTE 2 Sl metric units are preferred; alternate units in parentheses () are acceptable alternates.

Interlocking devices

Subclause 5.11 of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 are not applicable.
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5.12 Position indication

Subclause 5.12 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following additions:

For pad mounted, dry vault or submersible reclosers/Fls viewing of the position indicator may
require opening of the pad-mounted or underground enclosure.

In the absence of user specifications, the preferred colors to indicate an open or closed
position are red to signify closed and green to signify open.

5.13 [Degrees of protection provided by enclosures

Subclquse 5.13 and all of its subclauses of IEEE Std C37.100.1-200
are ng
pole o

Subcls
mount

5.13.1

Pad m
Confo

NOTE
gauge

5.13.2

Recloq
IEEE §

5.13.3

Subcls

5.13.101
The requiremen BEE Std C57.12.28 are applicable.

Alternative” IEC standards for the protection of enclosures are given in Annex M. [These
standards may be used by agreement between the user and the manufacturer.

5.14 Creepage distances for outdoor insulators

Subclause 5.14 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

The minimum creepage distances apply to glass and ceramic insulators. Values for other
materials are under consideration.
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5.15 Gas and vacuum tightness

The following specifications apply to all reclosers/Fl that use vacuum or gas, other than
ambient air, as an insulating, combined insulating and interrupting, or operating medium.
IEEE Std C37.100.1-2007, Annex G and IEC 62271-1:2007, Annex E give some information,
examples and guidance for tightness.

5.15.1 Controlled pressure systems for gas

The tightness of controlled pressure systems for gas is specified by the number of
replenishments per day (N) or by the pressure drop per day (Dp). The permissible values shall
be given by the manufacturer.

5.15.2| Closed pressure systems for gas

The tightness characteristic of a closed pressure system and the tip S ighment
under |normal service condition shall be stated by the manufacture sistent
with a|minimum maintenance and inspection philosophy.

The tightness of closed pressure systems for gas is specifie te F,

of each compartment; standardized values are:

rel

— for|SFg and SFg mixtures, the standardized valugs ate /0,5 9

(o

— for|other gases, the standardized vatt

The value for the time between repleni
for othler gases should be consistent with

0 years for SFg systems and

The pgssible leakages between sub taken
into account. In the paxti p jacent
compdrtments contain titions
should also be stated p be not
less than one m .

Means pment

5.15.3

The tigh

The ekpected.operatipg life with regard to leakage performance shall be specified py the
manuffcturer: Preferfed values are 20 years, 30 years and 40 years.

NOTE To fulfill the expecied operaling life requirement, the leakage rate for Sk, sysiems is considered to be
0,1 % per year.

5.15.101 Design and withstand

Reclosers/FI's with operating pressure greater than one atmosphere shall adhere to the
requirements of local jurisdictional codes as applicable.

5.15.102 Leak rate

The maximum permissible gas leak rate shall not exceed the rate corresponding to a minimum
10-year replenishment period.
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5.16 Liquid tightness

Subclause 5.16 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

Tank construction for liquid filled or non-pressurized devices shall be such that leaks will not
occur and the recloser/FI will remain mechanically operable at the maximum operating
pressure generated by the normal operation of the recloser/FI (for example, temperature rise,
load interrupting and fault closing).

5.17 Fire hazard (flammability)

Subclquse 5.17 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is not g

5.18 [Electromagnetic compatibility (EMC)

The sgcondary system shall be able to withstand electromg ted in

6.111 without damage or malfunction.

5.19 [X-ray emission

Subclguse 5.19 of IEEE Std C37.100.1-2007 or IEC |

5.101 |Tank construction: submersi
5.101.1 Tank material and finish

d with

The tank and all appurtenances shall be
! Al bvered

an impact and corrosion
areas.

5.101.2 Water e:za ‘
Externjal parts of

5.101.3

Tank s
tank.

ng the

5.101.4

Attachment jpoints “Yor lifting the recloser/FI shall be provided to permit installafion in
accord
tank t
handles, etc), and to avoid scratching or marring the tank finish during handling.

5.102 Counters

An operations counter shall be provided to indicate the total number of unit operations of
automatic reclosers. The counter shall be visible with the recloser in service. This feature is
not required for fault interrupters.

5.103 Conductor terminal sizes

For connection of bare conductors, terminals shall accommodate conductors of a size
adequate to conduct the rated continuous (normal) current of the recloser/FI without
exceeding the appropriate temperature rise shown in 4.4.2,
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NOTE For reclosers/Fls fitted with cable terminations, bushings should accommodate cable terminations in
accordance with the IEEE Std 386-1995 [7] or IEC 60502 series [18] unless otherwise specified by the user.

5.104 Stored mechanism charge indicator

When indicators are used on stored energy operating mechanisms, the following colors are
preferred subject to any local codes or indicia requirements:

a) yellow background with CHARGED in black letters for charged mechanisms;
b) white background with DISCHARGED in black letters for discharged mechanisms.

As an alternative, red letters on a white background for both indicators may be used.

6 Type tests

NOTE |[The term “design test” in IEEE is equivalent to the IEC term “type test”.

Clausg 6 of IEEE Std C37.100.1-2007 or |IEC 62271-1:2007 i s e following
additign:

Reclogers/Fls shall be capable of meeting the typg 6.2 through 6.11
inclusive and 6.101 through 6.112 inclusive and a ade, the type tests
need hot be repeated unless the design is § 1odify the performance
charadteristics of the recloser/Fl.

Refer o Annex E for tolerances appliedto tes

6.1 General

The type tests are for the g Vi ati s/Fl’s,
their cpntrols, operating i i i

6.1.1 Groupi@

Subclquse 6.1 of
applicable with thé

D07 is

An expmpleof grQuping It E Std
C37.100,

Reconditioningi ) érmitted during any individual type test. The complete standard
operatjng duty.tes cified in 6.103 is considered as one type test.
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Table 15 — Example of grouping

Group Type tests Subclause

Dielectric tests on main circuits 6.2
Partial discharge tests 6.106

1 Surge current tests (where applicable) 6.107
Control electronic elements surge withstand capability tests 6.111
Ice loading tests (where applicable) 6.110
Measurement of resistance of the main current path 6.4

2 Temperature rise tests 6.5

ectamicattests

Short-time withstand current and peak withstand current tests
Critical current
3 Line charging and cable charging current tests

Making current tests <
Rated symmetrical interruption test (standard operation{duty)

Tests to verify the degrees of protection of enclosyre
4 Tightness tests (where applicable) %
Minimum tripping current tests
Time-current tests m
4

ause 6.1.2 of IEC 62271-1:2D07 is

6.1.2 Information for identification of spec

Subclduse 6.1.1 of IEEE Std C37.1
applicable with the following i

ludes its automatic control. Manufacturer
the testing laboratory sufficient information to
Nhere appropriate, this information shall include
vision, software revision and other appr¢priate

The definition of an a
shall include in the i
identify the cont se
model| number, a

contro| software info

The degfinitionqf a cuto . This
mount|ng or<suppert is\i y r shall
include i i 2t dentify
the m{ n shall
includ

6.1.3 Information’ to be included in type-test reports

$d _O27 400
U v r. TUU.

-
) &)
P
P
-«

9
—+h
i
¢
»
N
N
-«
-

iN
N

Subclause—6-+2—oftHEEE of—stbetatuse—6-+3—o 07 is
I

applicable with the following addition.

The definition of an automatic circuit recloser includes its automatic control. The control shall
be considered an essential part of the switchgear in the test report including its model
number, serial number, firmware revision, software revision and other appropriate control
schemes.

The definition of a cutout mounted recloser includes a fuse type mounting or support. This
mounting or support shall be considered an essential part of the switchgear and noted in the
test report including its make, model number and rating.

A cutout mounted recloser may require the temporary attachment of an auxiliary device to
perform the related switching functions of a recloser. If such a device is required, it shall be
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considered an essential part of the switchgear and noted in the test report including its make,
model number and rating

6.1.101 Test conditions
6.1.101.1 Condition of device to be tested

The recloser/Fl shall be new and in good condition.

6.1.101.2 Mounting of device

The recloser/Fl shall be mounted in a manner closely approximating the normal service
conditfons for which it is designed. If the recloser/FI normally requires control _apparatis, the
contro| apparatus shall be connected during the tests observing thel following™mihimum
requirgments:

a) thg control shall be mounted on the recloser as intended by th gsign or
pogitioned within 2 m of the recloser phase terminals undertest;

b) theg recloser shall be connected to the control apparatugn Z broved
cable whose length shall be the maximum allowed by aqufactrer except that it need
not exceed 6 m;

c) thg control shall be placed in the same room
shlelding except that which is provided by th

pithout any additional
al service;

d) theg connections to the terminals of tt ~ 2 arranged in such a way as to
avpid unrealistic stressing of the i 8 tween the terminals apd the
neprest supports of the conductors o 3 switchgear shall be in accofdance

e) a qutout mounted reclos i attachment of an auxiliary deyice to
pefform the related s¥ ! i ser. If such a device is required, it need
nof be mounted ex¢ S iri S use;

f) thg test arrangeme

d to or
with a

If the ¢ontrol ap
within |the recloser
zero lg

6.1.10(1.

a lead
se the

All pai
attach

6.1.10[1.4 Power-frequency

The frequency of the power supply voltage shall be the rated value 5 %, except that tests at
50 Hz or 60 Hz may be used to qualify for both rated power-frequencies.

NOTE Refer to IEC/TR 62271-306 [19] for additional information about the applicability of tests at different
frequencies.

6.1.101.5 Control voltage

The recloser/Fl shall perform satisfactorily over the full range of control voltages specified in
4.8.
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6.2 Dielectric tests

Subclause 6.2 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following additions and modifications:

The tests shall be performed with the test voltages given in Table 2 or Table 3.

Rated insulation levels for cutout mounted reclosers are based in part on the rating of the
fuse support or base identified by the manufacturer in 6.1.1 and 6.1.2. See 6.2.5.2 for special
test conditions for the cutout mounted recloser.

Recloiers/Fls shall be capable of withstanding, without damage to ecloser/kFl and

associpted control apparatus, if any, the test voltages of 6.2 when teste cordange with

6.1.

Insula pletely

isolate
Whe as
shiel ble
occu \ g \ to
the S ified._BOr example, maintaining a
distance of 2 m to 3 m between the fecloser a all test personnel is a typical bgsic
prec {ati of
shiel .85
[20], ver
Vacy

6.2.1

Subclg

6.2.2

Subclg th the

additid

6.2.3 Conditions of switchgear and controlgear during dielectric tests

Subclause 6.2.3 of TEEE Sid C37.700.7-2007 or TEC 622771-1:2007 is applicable with the
following additions:

a) on overhead reclosers electrical connections shall be made by means of bare wire,
inserted in each terminal. These bare wires shall project in such a manner as not to
decrease the withstand value. Any necessary bends may be made at the terminals. The
test lead connections shall be made to the wires projecting from the terminals. Terminals
shall be representative of those used in service;

b) on pad mounted, submersible and dry vault reclosers/Fls connections shall be made
through a cable termination similar to that for which the recloser/FI was designed. If
terminations capable of meeting the specified dielectric voltage are not available, other
terminations (bushing or connectors, or both) may be substituted for the purpose of
performing these tests.
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6.2.4 Criteria to pass the test

Subclause 6.2.4 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

Refer also to IEEE Std C37.100.1-2007, clause 6.2.6.2 or |IEC 62271-1:2007:2007, 6.2.4
Note 3.

6.2.5 Application of the test voltage and test conditions

Subclause 6.2.5 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

6.2.5.1 General case

Subclguse 6.2.5.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:200K.i
following addition:

th the

Singletphase reclosers/Fls shall be tested for conditions 1, 4\a O tE Std

C37.100.1-2007 or IEC 62271-1:2007. The connections o
are nof applicable.

6.2.5.2 Special case

The open position tests for cutout mo
out” pgsition.

If the pperating sequence allows the d
disconjnector gap, both the isolation ga
for the| open position test ¢

6.2.6 Tests of switch
Subclguse 6.2.
followihg modificatio

The te

NOTE
6.2.6.1

Subcls
followi

a)

and C

pped-

closed
tested

th the

th the

IE AR HAHHA—O coldmn s and 3
frequency withstand test voltages shall be applied in accordance with IEEE Std 4, with a
peak value equal to 1,414 times the rated power-frequency withstand dry and wet test
values given in Columns (5) and (6) of Table 2 and Table 3. The test duration shall be
60 s for the dry test.

The preferred method for wet tests shall be the “conventional procedure-practice in the
US” of IEEE Std 4 with a test duration of 10 s. The “standard test procedure” of IEEE Std
4 is allowed as an alternate. Wet tests shall not apply to reclosers/Fls utilizing
submersible cables and terminations.

NOTE Future designs should standardize the wet test procedure by adopting the “standard test procedure” as
defined in IEEE Std 4.

b)

IEC Values of rated maximum voltage, Column (3) Table 2 and Table 3.
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6.2.6.2 Lightning impulse voltage tests

Subclause 6.2.6.2 of IEEE Std C37.100.1-2007 or |IEC 62271-1:2007 is applicable with the
following addition to IEC 62271-1:

The voltage levels shall be equal to or greater than those that are specified.

6.2.6.101 DC withstand test voltage

On reclosers/Fls using pad mounted, dry vault, and submersible cable connectors, a d.c.
withstand test shall be performed in addition to the power frequency W|thstand test in 6 2.6.1
above ) |
DC or
switchpear. This design test is included to verify that the switchgear
same {est voltage.

Refer fo Clause 101 for a discussion on field tests.

The d.Jc. power source for the d.c. withstand test shall be‘capable ) pplying a mininpum of
10 mA] before tripping out on overload. The test shall be 3 eis:

a) a lpakage current of more than 10 mA, or
b) the test device is unable to withstand the vol
The te

a leak
may og¢cur and are allowed.

ge with
INSDD)

NOTE |These test criteria recégnize i insulating
medium| or across an insulati i i ing i .C. . is i i true of
vacuuml|interrupters.

6.2.7 Test of,

Subclquse 6.2.7 of I since
the sc 8

6.2.8

No arfi ilators
compl

If the|creépage distances do not comply with the requirements of IEC 60815, artificial
pollutipnitests should be performed according to IEC 60507, using the rated voltage an the

H 1= C ono4n
appllc LIUII Ia\;lUIO HIVUII nmri-vw UVUUTJ.

6.3 Radio intereference voltage (r.i.v.) test

Subclause 6.3 of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 are not applicable. RIV
tests are not a requirement of this standard.

6.4 Measurement of the resistance of circuits
6.4.1 Main circuit

Subclause 6.4.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.
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6.4.2 Auxiliary circuits

Subclause 6.4.2 of IEEE Std C37.100.1-2007 and IEC 62271-1:2007 are not applicable.

6.5 Temperature-rise tests

Subclause 6.5 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the

following modification:

The recloser/Fl shall meet the conditions of continuous (normal) current rating and limits of

observable temperature rise as given in 4.4.2.

6.5.1 Condition of the switchgear and controlgear to be tested

Subclguse 6.5.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 isap

6.5.2 Arrangement of the equipment

Subclguse 6.5.2 of IEEE Std C37.100.1-2007 or IEC 6
following addition:

The following arrangement shall be allowed as an dlterpate to\the
specifijed in subclause 6.5.2 of IEEE Std C37 A
case the 5 K difference of tempepdture rj
connegtions shall not apply.

The rdcloser shall have a conductor connected o, '€
1,2 m] For reclosers/Fls with bushing *
use ca@bles no larger th isted—i_ 1

The cgnnection Shf”

i2ze of bare copper leads 2

aluminum cables use Table 1
reclosers/Fls designed fox use(wi § insulated cables, the cables sh
chosen for the rated ¢ . its : loser. Refer to IEEE Std 386 for gui

th the

pment
which
ternal

gth of
ictors,
7. For
all be
Hance.

Size of leads
(kemil) mm?
Q\ W' to 50\ #6 solid 26.,2 14
N7y - res” #2/0 stranded 133 61
140 > 200 - 211 81
250 - 315 -- 400 200
400 - 500 250
500 -- 600 300
@ Multiple (parallel) conductors of equivalent net cross section shall be
permitted.
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of bare aluminum leads 2

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

a8 Multiple (parallel) conductors of equivalent net cross section shall be

permitted.

6.5.3 Measurement of the temperature and the temperature rise
Subclguse 6.5.3 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 4s aRp
6.5.4 Ambient air temperature

thgear
e shall
blaced

The ambient air temperature is the average temperature of
(for en
be de

300 mm to one side of the device and vertically |

X ( \ \"EnPI{sed equipment

Pole or frame mounted equipmen&

300 mn} above the top of the device > \Q/el\v{kth th the equipment
300 mn} below the bottom of the device ( ~ E(ko\m\m (}‘%in) above the floor

Mid

N\éween the two previous positions

between the two previoys\%)siticys\ \

Midway

ground.
hlled on

N
NOTE |Pole or frame-mounted qLNent inchud all equ ent mounted above or off the floor or
Enclosgd equipment includes\xmetakclad, nfetal enclo and/pad-mounted equipment that is normally inst
the floof or ground pad.

The t undue

influence of heat:

hall be protected against air current and

%\/

NOTE |[In orde errors because of rapid temperature changes, the thermomgters or
thermoqoupfes msg i éble liquid such as oil in a suitable container or reliably attached to a [suitable
mass of

During the lagtquarter of the test period, the change of ambient air temperature shgall not

exceed 1 K.in=1 h:

The ambi i i 2 C. No
correction of the temperature-rise values shall be made for ambient air temperatures within
this range.

6.5.5 Temperature-rise test of the auxiliary and control equipment

Subclause 6.5.5 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the
following addition:

The temperature rise test requirement for other auxiliary and control equipment is addressed
by the successful completion of the interrupting duty, mechanical endurance test and
temperature rise of the main circuit.
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NOTE Since the auxiliary and control equipment is included in the definition of an automatic circuit recloser, it is
required that this auxiliary and control equipment be included in the operation of the recloser during the

interrupting duty and mechanical endurance tests.
6.5.6 Interpretation of the temperature-rise tests

Subclause 6.5.6 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

6.6 Short time withstand current and peak withstand current tests

Subclause 6.6 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable with the

following additions.

The pelak current (for a three-phase circuit, the highest value in one of the
be nof less than the rated peak withstand current (7,) and shall not exe
5 % without the consent of the manufacturer. The current in the othe

with a|major loop.

If two peparate tests are made, the time during which the short
peak withstand current test shall be not less than 0,3 s.

6.7 |Verification of the protection

Subclguse 6.7 of IEEE Std C37.100.1-2007 gr\l
limitations and exceptions given in 5.13.

6.8 |[Tightness tests

Subclg
followi

The te

an apq provided.

Leaka ; hall not exceed the values in Table 18.

Q07 is applicable wi

271-1:2007 is applicable wi

) shall
e than
begin

in the

th the

th the

from the fluid used in service, provided that

Permissible temporary
X leakage rate
+40 and +50 3Fp
Ambient temperature Fp
-5/-10/-15/-25/-30/-40 3Fp
-50 6Fp

6.8.1 Controlled pressure systems for gas

Subclause 6.8.1 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is applicable.

6.8.2 Closed pressure systems for gas

Due to comparatively small leakage rates of these systems, pressure drop measurements are
not applicable. Other methods (examples are given in IEEE Std C37.100.1-2007, Annex G
and IEC 62271-1:2007, Annex E) may be used to measure the leakage rate F, which, in
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combination with the tightness coordination chart TC, permits calculation of the relative
leakage rate Fg.

In general, the test O, (see IEC 60068-2-17:1994 [21]) represents an adequate method to
determine leakage in gas systems.

If the test object is filled with a test gas different from the gas used in service and/or at a test
pressure different from the normal operating pressure, corrective factors defined by the
manufacturer shall be used for calculations.

6.8.3 __Sealed pressure systems
Subclguse 6.8.3 of IEEE Std C37.100.1-2007 or IEC 62271-1:2007 is a

6.8.4 Liquid tightness tests

Subclquse 6.8.4 of IEEE Std C37.100.1-2007 or IEC 62271-1:

6.9 [Electromagnetic compatibility tests (EMC)

Subclquse 6.9 of IEEE Std C37.100.1-2007 and IEC
See 6112 for tests on the electronic cofit

6.10 |Additional tests on auxiliary and

Subcls

6.11 [X-radiation test proceduy

Subclgquse 6.11 of IE 37N00x1-280Q7 or IEC 62271-1:2007 is applicable with the
following additio,

The relquirement fog ing dra bdified
vacuum interruptt i acuum
interrupters tha

6.101

6.101.1

Line charging curren oaded
three-phase overhead lines. Cable charging current interrupting tests are applicable| to all

: 3 s 6 8 lielded
cables. Line and cable charging current interruption are related required capabilities of all
single and three-phase reclosers/Fls. The tests are also applicable to the case of an overhead
line in series with short lengths of cable.

NOTE 1 Single-phase reclosers are frequently applied in a set of three on a three-phase circuit. Accordingly,
single-phase reclosers are required to meet the line and cable charging current tests.

The purpose of these tests is to demonstrate the ability to interrupt the capacitive component
of currents associated with the line and cable charging interrupting current ratings of the
recloser.

NOTE 2 No capacitive current switching class similar to IEC 62271-100 are assigned to reclosers.
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Cables are considered to be short if the total charging current does not exceed 20 % of the
overhead line charging current and the charging current of any cable adjacent to the
recloser/FI does not exceed 10 % of the overhead line charging current. In any case, the total
current shall not exceed the rated line charging interrupting current.

6.101.2 General

In laboratory tests the lines and cables may be partly or fully replaced by artificial circuits with
lumped elements of capacitors, reactors or resistors. Phenomena occurring after a restrike or
a reignition event are not representative of service conditions as the test circuit does not
adequately reproduce the post-event voltage conditions.

6.101.3 Characteristics of supply circuits

The sypply circuit frequency shall be the rated frequency with a toleraf
Tests fat 60 Hz may be considered to prove the breaking charactéxi

at the
? be during| a test

Tests fat 50 Hz may be considered to prove the charactefi
voltage across the recloser/Fl is not less during the fir

at 60 Hz with the specified voltage. This implies tha thep ] pe will
be grdater than a test at 60 Hz. f , e gdneous
voltage being higher than it would be during a . - uld be

repeated at 60 Hz.

The tept circuit shall fulfill the following

a) thg source impedance Z; shall be i

S
b) thg power factor of thg sou

The prospective transig

the transient recovery olt
controfled using [

6.101.4

upply circuit shall be no more severe than
ort circuit test duty T50. Inrush currents may be

6.101.4.1 U

For sipgle arthed

(grounfdéc

For line-charging~and cable-charging current switching tests, the earthing (grounding)|of the
supply ciréuit' shall, Tn principle, correspond to the earthing (grounding) conditions in gircuits
for which<the recloser/Fl is to be used.

The preferred rating for line and cable charging current switching is for the more severe case
of the unearthed system.

For three-phase tests of a recloser/Fl, the neutral point of the supply side shall be earthed
(grounded).

6.101.4.2 Earthed system tests (alternate rating)

The alternate rating for line and cable charging current switching is for the case of the solidly
earthed (grounded) system.
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For three-phase tests of a recloser/Fl intended for use in earthed (grounded) neutral systems,

the neutral point of the supply circuit shall be earthed (grounded) and its zero sequence
impedance shall be no more than three times its positive sequence impedance.

Recloser/FI’s tested only for earthed (grounded) line and cable systems shall be identified on
the nameplate, see Clause 4 and 5.10.

6.101.5 Characteristics of the capacitive circuit to be switched

6.101.5.1 General

The chara f 5 such
as voltage dividers included, be such that the es not
exceed 10 % at the end of an interval of 300 ms after final arc extinctiq

When value
of 5 % of the capacitive impedance may be inserted in serig . Higher
values may unduly influence the recovery voltage.

See Figure 3 for test circuit where C, is selected to yigtd ned by
C4/Cy [atio given in Table 19. For shielded cables, acitors

are nof used.

6.101.5.2 Line-charging current s

Wherg it is permissible to use parallel lint or fully, replace the real three{phase
line with concentrated capacitor banks, theresulting positive sequence capacitance shall be
approXimately three times the zero seq en ifahce.

6.101.5.3 Cable-charg

Capacjtors may be_us
represgnting @
icé

approXimately tw

ed and belted cables. For three-phasg tests
e positive sequence capacitance shall be

A sho ed’ in series with a cable for the tests, provided the line

chargi ad 1 % of the cable charging current.
6.101.
The of the current to be interrupted should be sinusoidal. This condifion is

considered-t6 be satjsfied if the ratio of the r.m.s. value of the current to the r.m.s. value of
the fundamental component does not exceed 1,2.

The current to be interrupted shall not go through zero more than once per half-cycle of power
frequency.

6.101.7 Test voltage

Single-phase testing is not permitted for verification of three-phase switching performance.
Three-phase tests may be performed for either unearthed systems or solidly earthed systems
as described in 6.101.4.1 and 6.101.4.2.

The power frequency test voltage and the d.c. voltage resulting from the trapped charge on
the capacitive circuit shall be maintained for a period of at least 0,3 s after breaking.
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NOTE This 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.

6.101.8 Test current

Prefer

red values of rated capacitive currents are specified in Table 13.

6.101.9 Test-duties

The test-duties of each test series shall be performed on one specimen without any
maintenance. The following abbreviations apply:

e ling-charging current, test duty LC;

e Ca

le-charging current, test duty CC.

Capacjtive current switching tests for reclosers/Fl shall be made

reclos

T20 ags a preconditioning test (T20 is related to the rate
pr/FI).
plternative, the preconditioning test may consis

As an

1) same current as test-duty T20;

2) no
3) at
NOTE 1

NOTE 2

The cs

specified TRV;

east four opening operations.

S

5t-duty
of the

le 19.

Test ty NL}\b:.i?f C,lIC, Test current
ations 1o

P . Wum of 4 . 20 % of rated short circu
W oniRg Not applicable

openings 2 current ®

—_

ine\chargingLC 20 CO 3,0 100 % rated line chargin
Jinochargin X\

0,
Mg\ig C) 20 CO 2,0 100 % rated cable
charging

@  For éonvepiencs of testing, CO operating cycles may be performed.

b Preconditioning tests may be performed at reduced voltage provided that the arcing times are th
Same as at rated voltage.

A reignition followed by interruption at a later current zero shall be treated as a breaking

operat

For ea

ion with a longer arcing time.

ch test the arcing time should be set randomly.
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=, Zs Rsurge C1-Co
T 1 - AN T H
S . Co I
N Zs :|=: Rsurge = C1-Co
! T 1 AN 1
I'\ _,If"' L T WY 1 ]
' N “T
= —, Zs I Rsurge J=_ Ci-fo
"":_-‘L :r' | T MO J_ In
L o
= L‘“'.
Figure 3a — Three pha cir
D Cq
Ksurge
\> WA
IL?
@Fgum 3b - Single-phase circuit
Key
Z pource impedance, see 6.101.3
Z, Impedance of TRV circuit
Cy Load capacitance to ground used to establish the C,/C,, ratio, see 6.101.5
C, Load capacitance to determine test current, see 6.101.5
RSurge Resistance in series with capacitive load to simulate surge impedance of line or cable, see 6.101.5

Figure 3 — Test circuits for cable-charging
or line-charging switching tests (see 6.101.5)
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6.101.10 Criteria to pass the test
6.101.10.1 General

The behavior of the recloser/FI during making and breaking of the capacitive currents in all
prescribed test duties shall fulfill the conditions given in 6.112 once the contacts have fully
separated and come to rest. The recloser/Fl shall pass both the LC and CC tests.

6.101.10.2 Restrike limitations

The recloser/Fl shall have successfully passed the tests if no more than three restrikes
occurred during the combined LC and CC tests. Restrikes that occur within the first 0,3 s from
initial gTearing shall count towards the three restrike maximum, testis that wiithstand 1or] 0,3 s,
but regtrike after 0,3 s shall be considered invalid and shall be repeated.

bwer off

NOTE |The voltage magnitude after clearing can escalate with multiple restrikes anad\te
8 e based

to proteft their equipment. If 0,3 s of withstand have not occurred then a successf
on 6.10].7.

6.102 [Making current capability

6.102.1 Test procedure

The sfandard operating duty tests in 6.103.4 and 6.103.3 ' % of the
recloser/Fl interrupting gap to close and latch onf th » rent of
the reg¢loser. If the recloser/Fl is equipped with’a M- ed into
a fauly, fault making capability shall be itional

gap.

Demonstration of the making current abilit G a fault
closing test using the method\of glosing\intendey for that gap. The recloser/Fl shall be closed
at the| rated maximu etrical interrupting current given in [4.104.
Three [closing operatio be performed on the same specimen.

6.102.7

The re | meet

the co

6.103
6.103.1

6.103.11. of the recloser to be tested

The recléser shall be new or in good condition.

6.103.1.2 Single-phase vs. three-phase testing

Three-phase testing is required for recloser/Fls if all three poles operate from a common
mechanism or if the interrupting medium would allow contamination from arcing between the
phases during interruption. Conversely, if the three poles operate from independent
mechanisms and the interrupting medium does not allow contamination from arcing between
the phases during interruption, then single phase testing is permitted.

6.103.1.3 Multi-earthed wye system simulation

If three-phase tests are made, both the source and load neutrals shall be earthed for 25 % to
30 % of the T20 unit operations specified in Column (6) of Table 12, Table 1.3, and Table 1.4.
This simulates application on multi-earthed wye (Y) systems. For the balance of the tests,
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either the load neutral or the supply shall be earthed, but not both. If single-phase tests are
made, a earth shall be placed on the test circuit.

6.103.1.4 Test circuit

The test circuit shall be as shown in Figure 4 where X is open or much larger than X, for a
first-pole-to-clear factor of 1,5. The TRV impedances may be configured into a single series-
parallel network.

%

u L Tz Q
,IS:?A J‘-Q“‘a (\Q N
N

7.

ZN

Key

7y
A
Zy

Z) much

ZN=0,76 Z4 far first-pole-to-clear factor of 1,3

For Zolz = 2, Za =Z0 - 2Z1
with Z( zero sequence component of short-circuit impedance on supply side

Figure 4 — Three-phase short-circuit representation

6.103.1.5 Test current

For three-phase tests, the current is the average r.m.s. value of the currents interrupted in all
poles. The three individual pole currents shall not vary more than 10 % of the average value.
The current shall be calculated in accordance with Annex J.

6.103.1.6 Power-frequency test voltage

The power-frequency test voltage shall be calculated in accordance with Annex J.
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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.

6.103.2 Interrupting performance

Reclosers when tested according to 6.1 and as follows shall be capable of interrupting,
automatically, all currents from a value equal to the lowest minimum trip setting up to and
including the rated symmetrical interrupting currents shown in Table 12 and Table 1.3, and
Table 1.4.

a) At any degree of asymmetry corresponding to the X/R values given in Columns (5), (7) and
(9) of Table 12 and Table 1.3 and Table 1.4. For currents other q_ tabulateld, the
mipimum X/R values shall be determined by interpolation or extrapolation.

b) At|a test voltage such that the power-frequency recovery voltat P ingle and
three-phase reclosers is at least:

1) | 100 % of the rated maximum voltage for the first interrup

2)| 95 % of the rated maximum voltage for the succeeding i nce.
c) With inherent TRV values as shown in relevant table o R able 8, Table 9,

Taple 10 and Table 11, except for three-phase tests wh t ad are

eafthed, in which case the inherent TRV peak shall pe 8 in the

tables. (See 6.103.1.3).

d) Atfthe minimum control voltage fo 2 at this
prgvision does not apply to electronjc co i 5.

c) With either terminal connected to the-H Qnd unless the line and load terminals are
idgntified on the device such as 4 onti source
side shall be connectedAo the sourge viltay

Test reports shall recqrd ink th the
voltage and current va i

If the flesting Iab
levels |given in Table

urrent

g higher
value [for t3, as longnas W i \arf the value specified for the T100 current level and
provided that the meets the peak voltage requirement u.. The |actual

inherept TRV Malues used\for the test shall be stated in the test report.

NOTE |D ircuit test, the recloser/Fl characteristics such as arc voltage, post-arc conductiyity and
presende O itching ‘resistors (3f any) will affect the transient recovery voltage. Thus, the test transient fecovery
voltage |[during™a q

6.103.3 Verificationof rated symmetrical interrupting current

The stiandard operating duty test as specified in 6.103.4 shall be the basis for verification of
the rated symmetrical interrupting current provided:

a) The requirements of 6.103.2 are fulfilled.

b) At least two interruptions are performed with the initial current loop having maximum
asymmetry as determined by the appropriate multiplying factor for the X/R value in Column
(9) of Table 12 and Table 1.3 and Table |.4. Refer to Annex A.

If two such interruptions are not obtained in the operating duty tests, additional tests as
specified in 6.103.2 shall be made but not necessarily on the same recloser. If a different
recloser is used to fulfil this requirement, the two interruptions shall be made on the
second recloser.

c) Within the operations required in Column (10) (90 % — 100 % current level) of Table 12,
Table 1.3 and Table 1.4, at least one fast opening followed by one time-delayed opening
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shall have the symmetrical component of the current at not less than rated symmetrical
interrupting current.

NOTE 1 The intention of condition b) above is to require at least two interruptions with the maximum peak current.
NOTE 2 Condition c) above recognizes that in a four operation sequence, the supply current may decay, for

example due to the slowing of a test generator. The requirement is that in at least one test sequence, two of the
operations provide rated symmetrical interrupting current

6.103.4 Standard operating duty test; automatic operation

6.103.4.1 Test conditions

The standard operating duty test shall consist of the total number of unit o
in Coldmn (11) of Table 12, Table 1.3 and Table |.4 and as apportioned i

(10) of Table 12, Table 1.3 and Table 1.4 without maintenance during thé

perations ag given
s (6),[8) and

NOTE |[Refer to Annex H for the basis of derivation of duty factors and standard opgratiR

The rgcloser shall be adjusted to give the maximum permissi - htions,
including at least one fast and time-delayed opening, befgre™ Rk i urs. If

the re¢losing intervals are adjustable, these shall be se ¢ ing intervals
for which the recloser is designed but not faster i in the
manufficturer’s operating instructions.

The X{R ratio of the test circuit shall pot ke le i , , (9) of
Table /12, Table 1.3 and Table 1.4.

The tgst circuit shall be capable of provjding e i gble 6,
Table |/, Table 8, Table 9. Table 10 ne . bn the
inherept characteristics of the\test circ unmodified by the recloser interrupter. At the |100 %
test cdrrent level, the TR as shall e o less)severe that described in Table 6, Table 7,
Table B, Table 9, Table ) . power-frequency recovery voltage shall pot fall
below [the maximuyn es asgiven Iy column (2) and (3) of Table 2 and Table [3, and
shall ble held for ¢ i ption

TRV vplues as shown : blé 7, Table 8, Table 9, Table 10 and Table 11 for the
T20, TS50 and T1Q0 i for all values of test current within the ranges given in

Table 12. For 8 LK RV values for the T100 test duty apply for all test cyrrents

6.103.4.2

Power|shallbe 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.;@ sufficient number of times to obtain the number of unit operations specified in
columns (6), (8), and (10) of Table 12, Table |1.3 and Table |.4.

Power initiation for at least 25 % of all opening operations in each series of operations to
lockout shall be timed to produce maximum offset in the first loop of current with random
timing permissible on subsequent closings of each series.

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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6.103.5 Operating duty test; non-reclosing fault interrupters

The operating duty test shall consist of the total number of operations as given in Column (11)
of Table 12, Table 1.3 and Table 1.4, and as apportioned in columns (6), (8), and (10) of Table
12, Table 1.3 and Table 1.4 without maintenance during the test. A minimum of 33 % of the
operations shall be performed on a close-open operating sequence. Closing may be random
except that at least one maximum offset in the first loop of current at a current equal to the
rated symmetrical interrupting current shall occur.

6.103.6 Condition of recloser/Fl after operating duty test

After completion of the test sequence for the operating duty test in 6.103.4 and 6.103.5, the
recloser/FI shall meet the conditions outlined in 6.112.

6.104 |Critical current tests
6.104.1 Applicability

These| tests are in addition to the standard operating d are
applicable only to recloser/Fls that have a critical current re is a
critical current if the minimum arcing times in the test-duti e half-
cycle pr longer than the minimum arcing times in the adjasen phase

tests the arcing times of all three phases shall be taken {nto acsount:

NOTE |[The critical current tests replace the lpa itchi sions of

this stapdard.
IF

The tgst currents for [these\th S F be equal to the average of the brpaking
current corresp hich the prolonged arcing times occurred (see

6.104.2 Test current

Whereg applicable, the behavior of the \tec nall be

tested|in two test-duties.

6.104./1) and:

a) thg 3 ¢ < ing*to the next higher breaking current for one tesjt-duty;
angd

b) the br test
duty.

In the| ca ) all be
performed at 3 ty and

at a cyrrentof*10 % _of the rated short-circuit breaking current for the other one.

In thelLcase of r\rnlnngnd nrr*ing times in fPQf-dllfy T50 the critical current tests shall be

performed at a current of 75 % of the rated short-circuit breaking current for one test-duty and
at a current of 35 % of the rated short-circuit breaking current for the other one.

6.104.3 Critical current test-duty

The critical current test-duty shall consist of four open operations at each current level
according to 6.104.2 with a d.c. component less than 20 %. The transient and power
frequency recovery voltage shall be that associated with the basic short-circuit test duty
having the breaking current the next higher to the critical current.

The critical current test-duty may be performed on a reconditioned recloser/FlI.
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6.105 Minimum tripping current tests

Reclosers shall meet the rated minimum tripping current within the specified limits of the
greater of £10 % or 3 A when tested as specified in 6.1 and as follows:

6.105.1 Test circuit

The recloser/Fl shall be connected to a low-voltage power source of alternating current with a
means for raising the current through the recloser.

6.105.2 Test procedures

With fhe recloser/FI set for an instantaneous trip, quickly inject a yh the
recloser/Fl that will cause a value of approximately 80 % of the anticipa inj ipping
current to flow. Then raise the current slowly at a rate requiring at\l® h the
nomingl minimum tripping current. Continue increasing the current 3 mtil the

recloser/Fl operates, as indicated by the cessation of current. ached

is the minimum trip current.

6.106 |Partial discharge (corona) tests
Partiall discharge tests shall be performed on al storing
dieleciric as the primary insulation, (e.g. solid d¢i iCY. extests shall be performed in

accordance with IEEE Std C37.301 or which
these fests are conducted shall be 10

6.106.1 Test voltages and limits

The tgst voltage shall be & ified o 6 . Re oltage
ratingg shall be tested on g

Partiall discharge Nmits
equipment unde
for the| routine tests’of

be eqyal to or less

or the
d limit
t shall

NOTE |[There is geperal ay at partial discharge testing should be performed on all reclosers/Flp where
the primary ins stem ubject to deterioration due to partial discharge. At a minimum, the ¢ata will
help to |moni ) by the producer and serviceability for the user. Three reasons haye been
given fqr S ) harge test limits at this time: first, there is not a sufficient body of evidence to
establish asause= ffe ati ip between partial discharge and performance in distribution switchgear; second,
there ig not a to what the limits should be; and third, appropriate values will depend| on the
materials, design‘ard complexity of the equipment. Partial discharge limits at the test voltage specified in|6.106.1
have bden suggéested m the 10 pC to 20 pC range for a phase or module tested alone. At the upper end, & partial
discharge Jimit/of 100 pC has been recommended for a complete three-phase assembly. The 100 pC palue is
consistgnt with the Canadian Standard CAN/CSA C22.2 No. 31-M89 [22].

6.106.2 Conditioning of test sample

The surface of insulators should be clean and dry. The test object should also be at ambient
temperature. Mechanical, thermal, or electrical stressing before the test should be avoided.

6.106.3 Test equipment and procedure

The equipment and general method used in making partial discharge measurements tests
shall be in accordance with IEEE Std C37.301 or IEC 60270.

Tests shall be made with the recloser/FI or test module in the closed and open positions. All
surfaces that are normally earthed shall be earthed and all surfaces isolated that are normally
isolated. The general test procedure shall be as follows where:
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Pre-stress voltage = Upre-stress = 1 ) \l/%

1,95 times the rated phase-to-earth voltage

Up

Measuring voltage 4 = 1,1 rated phase-to-earth voltage

The inception voltage U; is the lowest applied voltage at which the magnitude of a PD pulse
quantity becomes equal to or exceeds 10 pC unless otherwise defined by the manufacturer

specific to his equipment.

The extinction voltage (U,) is the highest applied voltage at which the mgmtue of alg

PD pulse quantity becomes equal to, or less than, 10 pC unless ot
manufacturer specific to his equipment.

a) Starting at a voltage level less than 60 % of Upre-stress
note and record the inception voltage (U;).

hosen
by the

-stress’

b) Mgi

c) Lo d then
no

d) Ng oltage
ley i 3 se, thre extinction voltage level
sh

NOTE contact

during pecified

above. lead to

erroneo b. Since

field enyi voltage

polarity um gap

instead

6.106.4

The dgsi inchude the actual partial discharge levels as tested and the

manuf g

6.107
6.107.1

Series
having

\ peak

NOTE Fred->t0pe-waveshape-is—adepied-frem-the-high-current-shori-durationtestrtEEE-Std-C62— -

HE—-Wa Hape—t

6.107.2 Test conditions

3].

If a coil bypass device is required, it shall be mounted in the recloser/Fl in the same manner
as furnished for normal service. The leads from the high-current impulse generator shall be

connected to the terminals of the recloser.

6.107.3 Test procedure

Two current surges of the specified current value shall be applied to each phase. Following
this test the recloser/Fl 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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6.107.4 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)

6.108 |Time-current tests

6.108.1 Test conditions

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 by-pass device, from the terminals of the coil
by-pass device to any other parts of the recloser/Fl or of the series coil of the recloser.

Electrical. The recloser/Fl in the open position and with the coil bypass device, if used,
connected in its normal operating position shall be capable of withstanding rated
orroverqgurrent

+ L& <l o H 4l 1 <l HH £ £ i : 4l
m ATTTTUTTI VUILOBU aru wiicIT 1T e LIUoTU YU oTUUTT, Ul IUII\;LIUIIIIIH CUITTLL

to po through a typical sequence to lockout.

The time-current test conditions shall be as specified i pt the
mount|ng and earthing (grounding) requirements are not obligatori The ge for
which |data shall be obtained shall be from the UM i rated
symmetrical interrupting current. The temperature Hraulic

timers|shall be 25 °C £2 °C at the start of the test.

6.108.2 Test procedure
6.108.2.1 General
Time-gurrent tests shall be conducted a
6.108.2.2 Contact pagting

Conta¢t parting t.lIe- rrent tests skhalNbe wade at any voltage up to the rated makimum

voltage of the récloser/f i he test circuit so arranged that current through

the reg¢loser/Fl is f

6.108.p.

Cleari

Mdthod A \ g i i i i i in 6. .2.2. |Arcing
3inee [ ing i [ ing duty

Method-B — Measuring the total clearing time from oscillograms of interrupting tests taken
at [ated maximum voltage and at currents ranging from minimum trip to rated symmetrical
interrupting rating.

6.108.3 Presentation of data standard time-current curves

The results of time-current tests shall be presented as time-current curves on log-log scale.
The curves shall show:

the clearing time for each instantaneous or fast and time delayed time-current curve;

the voltage at which the tests are made when plotted on the basis of method B in
6.108.2.3;

the type and rating of recloser/FI for which curve data apply;

the current range from minimum pickup current to the rated symmetrical interrupting
current;
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e)

f)

g)

instantaneous or fast 7 clearing time-current curves, or both, for reclosers/Fls shall be

plotted to maximum test values;

time delay clearing time-current curves for all reclosers/Fls shall be plotted to average
test values. Permissible tolerance from curves are £10 % of time or current, whichever is

greater;
the test data shall be referenced to 25 °C.

6.109 Mechanical duty test

6.109.1 General

The reetosert
6.1.10(.1, 6.1.1

6.109.2 Mechanical duty test

The rgcloser/Fl shall be subjected to a minimum of 2 000
mainte
be pe
mech
reclos¢

The r¢
operat
simul

shall

Resetf]i
of the test.

6.109.3 Condition of

Beforg and after, test
and evaluated:

ctod 1n Ao~ dao

e with

nance. Included in the total number of operations, a m

clgsing time;

opgening tige;
tim
reg
tightness)Ni

gap densSities Orpressures, if applicable;

registance of the main circuit;

o o
TCTTtC ot U T T T o oTTTTTq

vithout
5 shall
losing
of the

-open
by a
urrent
these

digned.

d part

torded

time-travel chart;
other important characteristics or settings as specified by the manufacturer.

The above operating characteristics shall be recorded at rated supply voltage and rated filling
pressure for operation.

7 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 (non-intentional) delay in and of themselves.
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6.110 Ice loading test
6.110.1 General

NOTE 1 This subclause is adapted from IEC 62271-102 [24].

NOTE 2 In this subclause, the abbreviation DUT (device under test) refers to the recloser, cutout mounted
recloser or fault interrupter under test.

Ice loading tests are design tests performed to determine the rated ice breaking ability of
outdoor switching equipment.

10 mn] and 20 mm ice coatings are considered to be representa 2 i itjons.

A propedure is described for producing clear ice ings f pare with|those
encouptered in nature so that reproducible tests can be / Fo ere ice conditions, a
choice|is provided between two classes of ice thigk 2 mm.

The procedure for producing controlled i ice{comparable with those encountered in
nature) is defined in 6.110.4.5.1.

6.110.2 Applicability

The te| ility of

reclosérs, cutout mounte s ; i ditions

of ice formation, i.e. greate ) cutout

mountgd reclos bm ice

formatjon that, if

6.110.3

Ice is

a) n 0°C
(+3

b) Ri ice is characterized by a white appearance from the air entrapped [during

icel formation, forrhs from rain falling through air with a temperature below —10 °C (+14 °F),
or fromrcondensation of atmospheric moisture on cold surfaces.

The ice loading test shall be performed with clear ice, which represents the most difficult
operating conditions. Since these coatings may form during a period of rain with initial
temperatures above freezing, moving parts may be filled with water, which may subsequently
freeze.

6.110.4 Test program
6.110.4.1 Test method
One of the following test methods is acceptable:

a) controlled environment test (indoor laboratory test);

b) natural environment test (outdoor test).
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The type of laboratory shall be stated in the test report. Three-pole, group-operated DUT’s
shall be tested as complete three-pole assemblies; however, single-pole operated DUT’s may
be tested as complete single pole assemblies.

6.110.4.2 DUT surface condition

External surfaces shall be free from all traces of oil or grease, since even a thin film of oil or
grease will prevent ice from adhering directly to the surface and will affect the test results.

6.110.4.3 Test arrangement

The te i ing ing ing eaking
operat ons. The DUT shaII be tested with representatlve operating mechanis nents,

nall be
blaced
all providg a fair
all less than one

Test bjars, (metal rods or tubes) approximately 3 cm in diamefer and
d at each end of the test speC|men—W|th their longitudinal axes™

evalugti

test bgr per pole be used. Visual inspection of the ic ild-up the D T shall be conpistent
with the test bar measurements

The thickness of the ice shall be<dete surface of the test bmrs by
measurement of the depth of saw cuts © 3 3 @ in) from each end of the test
bar. The average of the ice thickness paking
ability [of the DUT. No measurement shall b

6.110.E.5 Test conditio

6.110.4.5.1 Controlled’e

The DT shall b@n ure of
-10 °Q (+14 °F). The’ch spray
to the entire assemkly

The w d 3 °C
(37 °F). tween
+5°C

Following the sprgy period, the ambient temperature shall be lowered to the rande of —
7 °C (119 £F) to —=3:3€C (+27 °F). The spray shall be continued until the rated ice thickness is

meaSL1red on the top surface of the test bars.

The ice coating shall then cure with the chamber ambient temperature in the range of -7 °C
(+19 °F) to =3 °C (+27 °F) for a minimum of 4 h after spray is discontinued. The DUT shall be
operated following this curing period.

6.110.4.5.2 Natural environment (outdoor)

Outdoor tests can be performed when the ambient temperature is between -3 °C (+27 °F) and
—15 °C (+5 °F) and the wind velocity is below 25 km/h (15 mph). The completely assembled
DUT shall be tested in an area equipped with adequate spray equipment to provide even
coverage of the DUT.
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With the ambient temperature above freezing, the DUT shall be given a 1 h wetting period,
which will coat the surface with a fine spray deposit. The wetting shall precede the spray for
ice build-up by not more than 4 h.

To obtain uniform coverage, the spray equipment may require adjustment due to wind
conditions, or the spray may be interrupted frequently to permit ice formation. The spray
procedure shall be continued until the rated ice thickness is measured on the top surface of
the test bars.

The ice coating shall cure for a minimum of 2 h prior to operation of the DUT. Further
temperature decrease during the curing period will not appreciably affect the test results. The
operatjon test shall be completed before the temperature rises above (+27~°F) and
before|the radiant heat of the sun changes the characteristics of the ice.

6.110.4.6 Operation procedure

DUTs |shall be operated by automatic control or by a persg ing - d opé¢rating
devicel. Chopping on opening (jerking back and forth on theum sm) is
not permitted on DUTs because these switches are li e 'n a Yosition tol carry

significant current when closed, and multiple unsucce
likely fo result in significant current arcs being drawn

ihg or closipg are

Automijatic power-operated DUTs sha
openirlg or closing attempt.

erated

6.110.% Acceptance criteria

The ice test shall be comp
follows:

Ces as

a) from its iced fully- ged position (with proper engagement|of the

Qf the interrupter);

b) from its ice
operation of the i

fully-open and locked out position (with proper

c) from its iced siti o its fully-open and locked out position demonstrating a
single oper ; on-rectose function is engaged (with proper operation [of the
interrupte

d) prqpgft - ode selector lever from AUTO to NR position when iced.

The equipment-shall’'sustain no damage that will interfere with normal operation. The ofder of
operatjng sequehces i3 optional.

The equipment shall be capable of circuit interruption during successful opening of thg DUT.
Following the successful closing of an iced DUT, the equipment shall be capable of circuit
interruption during a subsequent opening operation. During the test, no damage shall be
sustained that would impair the current interruption or dielectric withstand capability. A
physical examination of linkages, components, and alignments shall be made to assure that
proper interruption operation and sequencing has been preserved.

Further, following sequences b) and c) above, the device shall successfully go through a
power frequency wet withstand test to verify that the dielectric withstand performance has not
been compromised. If there is doubt about the successful performance of the DUT, a
temperature-rise test, a short-time withstand current test or a power-frequency withstand
voltage test, as applicable, shall be conducted to verify acceptable performance.
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6.111 Control electronic elements surge withstand capability (SWC) tests

6.111.1 General

The control elements supplied with shunt-trip reclosers/Fls shall withstand, without damage,
voltage surges originating in the low-voltage energy source, in either or both of the current
and voltage transformers connected to the control elements, or in the control leads connecting
the recloser/FI and the control elements. Both of the tests described below shall be used to
demonstrate this capability.

6.111.2 Oscillatory and fast transient surge tests

Testinf—shall be in_accordance with IEEE Std C37.90. 1. Alternatively, fing may] be in
accordance with IEC 60255-22-1 for the oscillatory wave form and IEC 60255-22-4 faorlthe fast
transignt) wave form with the modifications given in Table 20.
Table 20 — Characteristics for electrical distyfb\a@a ts
. Oscillatory wave test IEEE St Fastﬁsi tw test IHEE Std
Characteristic C37.90.1 or IEC 60255-22-{\ .90.1 by IEC 60255-22-4
Vave Form (magnitude) 2,5 kV - Class Il \ \\4\15)/- Level 4
Rgpetition rate during burst Not applicablfé a) > 2,5 kHz
Source impedance Not appl@\b\v 50 Q
Colipling/decoupling network 3 nF U >33 nF
(CDN)-capacitance =
Application modes Comm? and mws at Common and transverse njodes
Test points - via CDN owex su Iy, Jurren Mls, Power supply, _current sighals,
\ Itag ak\ | voltage signals, 1/0
lest points - via clarfr& ppl|09)ol Communication ports
6.111. &Ilon test
6.111.
This te ing induced surge and the resulting voltage changgs that
appeaf { control elements due to the rate of current change anhd the

imped
NOTE

6.111

pnection.

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

B2 Test set-up

The fo

llowing test set-up describes a laboratory simulation of a surge arrester operation.

a) A rod gap connected from one source bushing terminal to the recloser/Fl earth lead shall

be

used to simulate a surge arrester for conditions 1), 2) and 3) of 6.111.3.3. See Fi

gure 5

(a). For condition 4) and 5) of 6.111.3.3, the rod gap shall be connected from one bushing
of the transformer to the transformer earth lead. See Figure 5 (b). The gap shall be set to
flashover at 80 % (£10 %) of the rated lightning impulse withstand voltage of the
recloser/Fl on which the control element is to be applied. The surge voltage shall rise to
flashover in 1,2 us (= 0,5 us). The earth lead shall be connected to the normal earth
terminal of the recloser/Fl under test and may be adjacent to the control cable connection.

b) The external surge generator current limiting resistance shall be chosen to provide a
surge current following the gap flashover having a peak value of 6 000 A (x10 %). The

rat

e-of-rise shall be 5 kA/us to 10 kA/ us over the initial 2 000 A rise.

Published by IEC under license from IEEE. © 2012 IEEE. All rights reserved.



https://iecnorm.com/api/?name=14d0fd5f28373cb664b8ca029c040a00

- 80 - IEC 62271-111:2012(E)
IEEE Std C37.60-2012(E)

c) The control cable shall be spaced 15 cm from and run parallel to the recloser/Fl earth
lead. The earth lead shall be #12 AWG or 2,5 mm2 copper wire. 8

1)

2)

3)

In the case of a recloser/FI for overhead use, the control cable shall be 6 m

(+0,5/-0 m). See Note.

In the case of a recloser/Fl for padmounted, vault or submersible use, the control
cable shall be the maximum length permitted by the manufacturer up to a maximum of

6 m (+0,5/-0 m). See Note.

The recloser/FI earth lead shall be spaced 15 cm from and run parallel
recloser/Fl control cable for the maximum distance given in 1) and 2) that the
will allow.

to the
set-up

4)

a) In

po
to

en
ac
eit
po

NOTE
reclose

6.111.B.

Fifteer
listed

The control earth lead shall be a maximum of 1,5 m 9 to the point where it conn

the recloser/Fl earth lead and the laboratory earth point.

ergized to supply the normal control power to th
complished by energizing the primary or by bac

sourcq bushing for cond|t| S
sourcq, conditions 4 anthb ms
1) to the sourc'
2) to the source tefp
3) to
4) to
ope
5) to
clo
6.111.B.
The cqntrol shall be energized and operational during the test with settings as follows:

bcts to

f each
aches

all be
ay be
ary. In
house)

thin the

ditions

to the
power

ser/Fl

ser/Fl

a) value of trip point (pick-up setting) not to exceed the rated load current of the device;

b) reclosers set for the maximum number of operations to lock-out;

c) other settings for normal operation consistent with a) and b) above.

During the application of surges, the control shall neither close the recloser/FI from an open
position nor open (trip) the recloser/Fl from a closed position. No change of state shall occur
or be reported. 10

8 The specification of the small gauge #12AWG 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 lab than the more

reali

9 The

stic grounding wire of #6 copper or greater. Refer to Annex B for more detail.

shorter the control ground lead, the more severe the test will be.
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Following the tests, the recloser/FI and control apparatus shall be capable of performing all
normal functions without impairment. The following verifications shall be made following the
test if supported by the control apparatus:

e communicate with an external computer;

e open and close the recloser;

e upload event(s) or oscillography captured;

e receive a firmware download;

e receive a program download;

e pe t any

comvenient pick up level.

Source Load

Gap

3
—O C

Gap ' RECLOSER
T O
Suppl
conductors
Ground

/ conductof
rol

table to

ecloser \.\
—

Control

cable
Grounfd
conduftor \

—15cm*3cm

ol CONTROL \See test set-up
\:> specifications

1,5 m maximum *

See test spt-up /
specificatipns

o

EFigure 5 — Surge test circuit

6.112 Condition of recloser/Fl after each test of 6.101, 6.103 and 6.104
6.112.1 General requirements

After performing the specified making and breaking test duties, the recloser/Fl shall be in the
following condition:

a) Maintenance. During the test, the recloser/Fl shall have functioned without failure and
without maintenance or replacement of parts.

10 Reporting may include event recording, oscillography, and SCADA.
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b) Mechanical. The recloser/Fl shall be substantially in the same mechanical condition as at
the beginning and the recloser/Fl shall be capable of automatic and manual operation.
The time-current characteristics of the recloser as defined in 6.108 shall be substantially
the same as initial (prior to test duty) values. The arcing contacts or any other specified
renewable parts might 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.

c) 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
(normal) current, but not necessarily without exceeding rated temperature rise. Resistance
mdasurements taken before and arier the operating duty test may be used_to esiablish the
abl|lity to carry the rated continuous (normal) current.
For devices that have both interrupting and non-interrupting g&p s all be
teqted in its respective open position. Gaps that may be open cgnt - ithstand
80(% of the values shown in column 5 of Table 2 and Table 3. 3 ’ posed
to voltage stresses for short durations significantly less thgn ohe Rinute™s bpable
of [withstanding a voltage to be stated by the manufag 2t [ rated
mgximum voltage of the device.

Visuall i sually
sufficignt for checking these requirements. For reclosers ¢ es not
readily z urrent
carryirlg ability, with a direct current 6 ' i ormal)
currenL all not
exceed the greater of 200 % of the value, g , i e over
the va

If the est at

rated all be

condu

6.112.2

If the | -fime current test or a switching test, a further check of

the va be required. This extra test is necessary because a

failure v terupter that results in a leak will have that interrupter back-fillgd with

SFg, a ity 3 ) detected with a regular power-frequency withstand test.

The vg grity shall be verified by performing a short-circuit interruptipn test

at 10 % or more) of the rated short-circuit current and at least 50 % of the rated voltage. The

rated TRV values are not required for this test:

a) if gerformed three-phase, then both the source and the load neutral shall be earthed]

b) if performed single-phase, then each pole shall be tested separately.

7 Routine tests

NOTE The term “production test” in IEEE is equivalent to the IEC term “routine test”.

All applicable routine tests shall be made by the manufacturer on each recloser, at the factory
after final assembly except that the partial discharge tests may be performed on
subassemblies as described in 7.102.

Routine tests shall include the following:

a)

dielectric withstand test; one minute dry power-frequency;
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control, secondary wiring and accessory devices check tests;

71

measurement of the resistance of main circuit;

tightness tests;

reclosing and overcurrent calibration;

partial discharge test;

no

load mechanical operation test.

Dielectric test on the main circuit

The test shall be performed in accordance with 6.2 with the following exceptions:

a) only power frequency dry withstand tests are required;

b) at the option of the manufacturer, multiple poles may be tested in p

c) thg gas pressure (if applicable) shall be set the minimum functid ilation
anfl interruption;

d) thg duration of the test may be reduced to 10 s if a volfag specified in
6.4.6.1 is used.

7.2 [Tests on auxiliary and control circuits

Contrgl, secondary wiring and accessory de at all

conne¢tions have been made correctl ed by

actual|operation where feasible. Thdse citc all be

checked for continuity.

7.3 Measurement of the resistance of

Subclguse 7.3 of IEEE StH

7.4 [Tightness test

Subclguse 7.4 o

7.41

Seale(

a) Swit¢chgear
The tes

b) Vacuumsswitchges
Eaph{vacuum tube shall be identified by its serial number. Its vacuum pressure levgl shall
beliested by the manufacturer of the vacuum interrupter

The test results shall be documented.

After assembly of the switchgear device the vacuum pressure level of the vacuum tubes
shall be tested by a significant routine dielectric test across the open contacts. The test
voltage shall be stated by the manufacturer.

The dielectric test shall be carried out after the mechanical routine test as required by the
relevant product standard.

7.4.2

Liquid tightness tests

Routine tests shall be performed at normal ambient air temperature with the completely
assembled switchgear and controlgear device.
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The test methods correspond to those of the type tests (refer to 6.8.4).

A suitable leak test shall be performed on submersible reclosers/Fls to verify that they will

operate under service conditions as outlined in 2.102.2.

Routine tests shall be performed at normal ambient air temperature with the assembly filled at
the pressure (or density) corresponding to the manufacturer’s test practice. For gas-filled

systems, sniffing may be used.

A suitable leak test shall be performed on submersible reclosers/Fls to verify that they will

operate under service conditions as outlined in 2 102 2

7.101 |[Reclosing and overcurrent trip calibration

Reclogers/Fls shall be subjected to the following calibratioR

b) time current tests (see 6.108.2) e
po|nts determined by the manufacture

c) sefuencing tests;
d) remote features;
e) special features.

7.102

Partial

e, for
hed on
.{When
d, and
ser. A
hay be

f three

ed on all reclosers/FIs that use a non-restoring

ACross

dielectr purposes of this clause, primary insulation shall be
consid gsulation between phases and/or to earth, (e.g| solid
dielec s specified in 6.106 with the following exceptions:
a) mg compounents is permitted in all cases;
b) me ding the inception and extinction voltage is not required;
c) if e opeh condition covers all solid insulation paths to earth and

ph

d) thg manufacturer shall establish the appropriate test limits for each test object.

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

a) inspection of the external parts;
b) manual tripping by the tripping lever;

c) without trouble or malfunction, 25 consecutive operational tests to check performance of

mechanism, sequencing, and time devices. Shunt-trip reclosers/Fls shall
operations performed at minimum control voltage.

8 Guide to the selection of switchgear and controlgear

Clause 8 of IEC 62271-1:2007 does not apply.

have 5
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9 Information to be given with enquiries, tenders and orders

Clause 9 of IEC 62271-1:2007 does not apply.

10 Transport, storage, installation, operation and maintenance

Clause 10 of IEC 62271-1:2007 does not apply.

11 Safety

Clause 11 of IEC 62271-1:2007 does not apply.

12 Influence of the product on the environment

Clause¢ 12 of IEC 62271-1:2007 does not apply.

101 Additional application and test informatio

101.1 |Field tests on units in-service, includi . Wi test$ on cables

Field ll:sting of a recloser/Fl either alonenoKas pé j tribttion switchgear unit|is not
considered to be a design test. Field-testing.i determine the condition |of the
equipment after shipment, service, or mainter . When these tests are performdgd, the

recommended dielectric test levels sh gt-excee osor 80 % (see NOTE) of rated pvalues
given |n Table 2 and Table.3 and onl whe gctoser/Fl is completely isolated from all
systenp voltages. The use that)is\lower than the design test voltage reduces
the rigk of damaging QquipH whileNperforming the test. Radio influence voltage and

partial| discharge volt red at voltage test levels up to 105 % |of the
line-totearth volt d maximum voltage of the recloser/FlI.

An a.d. € used method to evaluate the insulation integrity of
switchpear. An a /. ides oneyacceptable assessment of the insulation integrity of all
kinds ¢f insulation, i [ witches, interrupters of oil, gas and vacuum desigps. DC
withstand tests a a substitute when an a.c. tester is not available. When using
a d.c.|withstapd testtoXchesk the integrity of a vacuum interrupter, both voltage polarities
shall Qecapph \ \easurable leakage current in only one polarity can be mistaken for
an indicati wuny interrupter in poor condition. If the leakage current is mgrkedly
higher|in one ity\ this normally indicates that field emission is occurring on a rough spot

on the| contact-that.is/a cathode when that voltage polarity is applied. For this reason,|a.c. is
the prTferred method of testing the integrity of a vacuum interrupter.

A d.c. withstand test for new switchgear equipment is specified as a related design test
recognizing that the equipment may be subjected to d.c. voltage when connected to cable.
This related d.c. withstand test is a significant overvoltage, approximately equal to the peak
value of the related power-frequency withstand voltage, and it may be near the flashover limit
of the insulation or across an isolating gap. All buses or ways not undergoing test are de-
energized and earthed during these design tests. The d.c. withstand capability of switchgear
may degrade in service because of aging, contamination, electrical discharges or mechanical
wear.

In-service d.c. testing of cables is performed to determine their condition and to locate faults.
Switchgear may also be subjected to the d.c. test voltages if the cables are connected to the
switchgear. The industry standards, AEIC CS8 [25], describe such cable testing. DC testing
also includes cable "thumping", i.e. the sudden application of d.c. voltage with substantial
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energy for fault locating, which causes transients and voltage doubling at the end of the open
cable. These same transients can stress the switchgear at higher voltages. Tests of cables
with very low frequency voltages are also now being used.

CAUTION

When a cable connected to a recloser/Fl either alone or as part of a distribution
switchgear unit is to be subjected to d.c. tests, it is recommended that the switchgear unit
be isolated from all source voltages to provide to maximize safety of maintenance
personnel and equipment. The recommendations of the manufacturers of the switchgear,
d.c.ILtest equipment, voltage transformers, surge arresters, termmatomectors and

bushings should be followed.

NOTE |[IEC practice is to test at 80 % of the values given in Table 2 and Table
level if permitted by the manufacturer of the equipment. In an effort to harmonjze
manufa 7

igher test
that the

101.2

Requi
betwe

ement

When
and th
should

>y agreement of the manufacturer
-200 [26] or IEEE Std C37.2017 [27]
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Annex A
(informative)

X/R Ratios

A.1 General

A general understanding of circuit time constant (7) and X/R ratio and associated peak
currents is necessary for the proper design, testing and application of switchgear. The
mechanical stresses associated with fault withstand or fault making, are in relation with the

squarg of the peak current (igeak) and the thermal stress associated wit earcing)qr fault

currenf interruption is a complex relation of the arc voltage, the argi b total

chargg (integral of the arcing current).

A.2 |Time constant 7 and X/R ratio

An ele

or X)
7= LI

nce (L
o LIR,
an X/R

ratio o
For a G 9 e circuit shall be conslidered
(7 = 1 ences

compg

A.3 LlAsymmetrical fault current

The maximum asymmetrical current occurs when the fault is initiated at zero voltage. Such a
fault may be associated with lightning flashover or with a switch or a breaker closing or
reclosing on a faulted circuit or a temporary earth. If a three-phase switching device is used,
an asymmetrical fault current will occur in one of the phases, the value of which will be
between 87 % and 100 % of maximum asymmetrical current.

The instantaneous current of a single-phase circuit will be in accordance with formula (A.1).

i(t):\/El(sin(a)ﬁ(p—e)—sin(go—e)e“”) (A1)
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i(¢) is the instantaneous current;

I is the r.m.s. value of the current;

is the time;

is the phase angle = tan'1(X/R);
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is the angular frequency (2=nf,), where f, is the rated frequency

is the angle between voltage zero and time that fault is initiated;

7 is fAe circuit ime constant (L7R of X/wR) (S€e€ Table A.T).

Them

The p
=0,

The p

The fi
when

This g

Table

iveak = \/El(sin(a)z —6)+sin(@) "
pak factor K is ipeqi/l-

st peak is defined as the peak

wt - 6= 1/2, or

Ves:

A1 is 2

constants.

cak of the asymmetrical current (

ipeak

aximum asymmetry will occur when the fault is initiated at zero vglt

) is the maximum of

ULre

naking current and it

sing

Time X/R ratios Peak factor [ipII]
constant
2 at 60 Hz at 50 Hz at 60 Hz at 50 Hz
(ms)
10,6 4,0 3,3 2,09 2,01
21,2 8,0 6,7 2,38 2,31
31,8 12,0 10 2,51 2,46
45 17,0 14,1 2,59 2,55
60 22,6 18,9 2,65 2,61
90 33,9 28,3 2,70 2,68
120 45,3 37,7 2,73 2,72
150 56,6 471 2,75 2,74

(A.2)

pCccurs

(A.3)

(A.4)

tion of the peak factors for both 50 Hz and 60 Hz over a range ¢f time
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Annex B
(informative)

Simulated surge arrester operation test

B.1 General

Simulated surge arrester operation tests have traditionally been used to verify recloser/Fl
system operation and its capability to survive fast lightning induced surges. This test falls into
a brodder category of electromagnetic compatibility tests normally applie rotective relay
devices and defined in:

Y

) IEEE Std C37.90 [28];

) |IEEE Std C37.90.1 (SWC);

) IEEE Std C37.90.2 (RF susceptibility) [29];
)

)

o O T

IEEEE Std C37.90.3 (electrostatic discharge tests for pré
IEC 60255-22-1 (1 MHz burst immunity tests);
) IEC 60255-22-2 (electrostatlc discharge tests) [ 1]

- O

g) IE

h) IE

i) IEC 60255-22-6 [33].

Regarglless of the number and simila 'ty rience
has stown that an electrofi often
misopg¢rate or be permanen g < rmally
encountered on a distfibution powe SIUD i i erving
that the standards _not i iropment.
In this environv@' i ection
practides, including: class
arresters, i witching devices and the control house, and extensive
shieldIv g GIS switchgear. Few, if any, of these measurgs are
availalple to prote i He<line distribution recloser. The control conductors] local
distribition ¢ the local earthing (grounding) system are called upon to

absorh

B.2 |[Simuls

Simulgted surge arrester operat|on testing fills the void by def|n|ng an all encomppssing
system—tes S | type
waveform stressrng the basrc msulatron and capacmve couplmg through current and/or
voltage transformers and any other devices present in the design. The voltage peak is
followed by an air gap flashover discharging 6 000 A into the recloser/Fl earth system. This
discharge radiates a strong electromagnetic field impulse and a fast voltage collapse further
enhancing the capacitive coupling effect. Once the spark-over occurs, the fast current front
(di/dt in excess of 10 000 A/ms) results in a voltage drop across the earthing conductor
(mostly inductive, at approximately 1 uH/m) thus effectively separating the recloser/FI earth
reference from the electronic control. If not adequately controlled, the potential difference can
reach the 60 000 V level.

The test may end with a high current ringing waveform. The ringing frequency is determined
by the inductance of the recloser/Fl earth conductor, the test generator output capacitor and
circuit damping. The exceptionally high current levels involved during this phase of the test
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generate high frequency magnetic fields. However, the di/d¢ 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 6 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 current and voltage transformers that may be built into the device. The
second series surges the source side with the recloser/FI closed allowing the surge to reach
through the current carrying circuit of the device to the load side bushing. The third series
applies the surge to the load bushing while the flashover gap remains on the source side. This
sends the discharge current through the current carrying circuit stressing CT windings. In the

fourth ramg—fifth—series, the voitage andcurrent surge 1s_applied to a
provid|ng the power to the control. This series stresses the power supply
with thle recloser in the open and then the closed positions.

All of the enumerated EMI disturbances are capable of disrupting
devicels, especially the recloser/Fl control. They act in unisgh &x
potentjal system problems such as: spurious interrupts, unsolicited ke
resets| RF susceptibility, insulation failure, A/D subsys {luk
relateq flashovers, inadequate earthing (grounding
problems, target failures, display lockouts and more.

It is important to note that the test sev
current and voltage transients and the

The 6/000 A crest current in combins
coupled earth provides the energy. A sexies
configliration is used to capture the
interagtion with the system under test.

gauge| conductor spacing ¢

uniformity of the test.
worse|case test and i
appropriate use of.#6
test ggnerator s@
test. Inspection of\iHe
in lesq than 0,1 usife
on twq successi

respeqtive pro ~ f e earthing (grounding).

dl1STOTel

excess of 22 kA/us. The current also reaches 6
emphasized that the DUT is a system combina
the regloser/Fhsw e recloser/Fl control, the interconnecting cable, an

hat is
control

actronic

ety of
, CPU
arance
elding

of fast
event.
losely
br test
bance
j (wire
forces
ents a
n and
typical
under
200 A
000 A
tion of
d their
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ISW
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- C1 < C2 < Switchgear
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under test

TCAPP

@_@/97 Load£ Source
PRSW bs @D @9

]
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PRSW
R1

R2
TCAPP
V1

V2
NOTE

Surge current monitor %
Charge storage capacitor
Wave shaping capacito

Safety discharge switc

Initiation switch

Polarity reversing s
Discharge
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Figure B.1 — Surge test circuit
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Condition 5 Voltage

8.00E+04
6.00E+04
4.00E+04

2.00E+04

-2.00E-06/ 0.00E+00  2.00E-06! \ 4.00E-06  6.00E-06

-4.00

-2.00E+04

Volts

-4.00E+04

-6.00E+04

-8.00E+04

-1.00E+05

-1.20E+05

8.00E-06

1.00E-05

1.20E-05" 1.4QE-05 -p5

8.00E+03

6.00E+03

4.00E+03

Amps

2.00E-06  4.00E-06/ \ 6.00E-06

0,90E+00

B0 20050

-6.00E+03

-8.00E+03
Time

1.00E-0.

1.20E-05  1.40E-05

Figure B.2 — Typical surge voltage and current waves
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Annex C
(normative)

Method of drawing the envelope of the prospective transient recovery
voltage of a circuit and determining the representative parameters

cA1

sufficie

NOTE

obvious
with as
or the td

c.2

The fo
prosps

a) thg
cu
b) the
Fig

NOTE
for the
general

C.3

The t
intersq

of twolli

coordi

General

nt approximation.

Nevertheless, some cases may arise where the proposed cor
y more severe than would be justified by the transient recovery e
exceptions and, as a consequence, form the subject of ah agreemen etween the manufacturer g
st laboratory.

Drawing the envelope

ure C.1 —@
The point of tz

natels of the puint of intersection A.

illatory.
ie line

ency,
velope
e. The
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s quite
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Uc

2 parameter
reference line

e at 13

Voltage u (kV)

3
Timet (us)

Figure C.1 — Representation by two parameters
transient recovery voltage of a test

®
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Annex D
(informative)

Background basis of recloser TRV values

D.1 General

The TRV descriptions for reclosers are based on the IEEE and IEC standards for high voltage

circuit breakers and the IEEE fuse standards listed below:

a) |IEEE Std C37.04, |I[EEE Standard for Rating Structure for AC
Breakers;

b) IEEE Std C37.04b-2008, |IEEE Standard for Rating Structure for A
Bre¢akers Rated on a symmetrical Current Basis — Amg
D¢scription of Transient Recovery Voltage for Harmonizatia

c) IEEE Std C37.06-2009, IEEE Standard for AC High-Vdlfage\Cirg
Symmetrical Current Basis - Preferred Ratings and R S
Voltages Above 1000 V;

Circuit

e [Circuit
de the

0 on a

itles for

d) IEEE Std C37.41, IEEE Standard Design Tests for Fuse
anfl Disconnecting Cutouts, Distribution Fuse
Disconnecting Switches, and Fuse/Lin

e) IEC 62271-100, 2008 High-voltage nating-
cufrent circuit-breakers.

D.2 |Two parameter

The waveform of a typ ime is

usuall

The two-paramet S , simply

anothgr way of de sante waveform as a boundary consisting of straight lings that

the wgveform do See Figures D.2 and D.3.
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7 T
1-cosine

E TRV Envelope
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=
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0

Figure D.1 — A TRV wayxeform
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Figure D.2 — Representation of the specified TRV as a
two-parameter line and a delay line
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2 parameter
I__ Referene line

uc atta

N
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_

Delay lin AT
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\

- I A el
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3

Timet (us)

There [are three basic parameters for the T

o

Ug is the TRV peak;
RRRV/| is the rate of n
t3 is the fi

EV at

The standards 3 : i ferent
applications and son nt as
described below.

D.3 |u

ug is simpha mitiplier(%,,.) times the rated voltage U, or V. The value of the multiplier is a
functign of thelfi e-to-clear factor k,, and the amplitude factor k. The values for A, and

p
k4¢ are|harmanized the circuit-breaker standards given in D.1.

The Klz—multipherinchides—atactor—otd-5torthetrst-poletoslearathreephase—unearthed
fault. For 3 phase reclosers where the 3 poles are operated together, the 2nd and 3rd poles
then clear the remainder of the circuit nearly simultaneously, since the same current, but of
opposite polarity, flows in both. After interruption, they share the phase-to-phase voltage. For
single-phase reclosers, the worst case is when 3 reclosers operate to clear a three-phase
unearthed fault when the mechanical operation of the 3 units is not closely synchronized. The
second unit to clear may have to clear against the full phase to phase voltage if the contacts
of the third pole have not parted prior to the current zero. The TRV peak multiplier is then as
follows.

(f%5]x k,, (three - phase recloser) =k, (single - phase recloser) (D.1)
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For all overhead line circuits, cable connected circuits and low fault current circuits where the
fault current is less that 4 000 A, r.m.s. the TRV peak multiplier X, is summarized in Table
D.1.

Table D.1 — TRV peak multiplier

System First-pole-to- Amplitude TRV peak
Recloser/Fl y h clear factor, factor, multiplier,
connection P p K
pp af uc
Three-phase Line 1,5 1,54 1,88
Single'phase Lin 4 729 4. 54 249
NOTE o T e /R’
Three-phase Cable 15 1,4 /\§ 1,71
Single-phase
Ll Cable 1,732 1,4 A S@
NOTE Single-phase refers to three single-phase reclosers interpdpti three-plase
circuit where simultaneous opening is not assured.
\ N

D.4 ([Rate of rise of recovery voltage (RRRV]

The R

a) for based
on .|These
rar

b) for Is are
baged on those found In “E S >33 F - . Es are
approximately %2 of th

c) for recloser' in distribution i i D00 A,
r.m.s., the RRR based on those found in the distribution fuse standard
IEEE Std C37.41 94 . T g htions,
SO f at are
ex

D.5 |t

The vg hbove,

13 is also defined.

3
-+

D.6 iptt =Ci
current

At currents less than the rated short-circuit current, the TRV in general reaches a higher peak
and does so in a shorter time with a faster RRRV. In the IEEE circuit breaker standard
C37.06, the TRV values of peak voltage and time to peak at fractions of the rated short-circuit
current are obtained by multiplying the TRV values at the rated short-circuit current by a set of
multipliers. These multipliers are defined in the IEEE circuit breaker standards at currents of
10 %, 30 % and 60 % of the rated short-circuit current. The multipliers for the recloser
standard at 20 % and 50 % of the rated short-circuit current were obtained by interpolation
between the existing values. The multipliers are shown in Table D.2 for line-connected
reclosers/Fl and in Table D.3 for cable-connected reclosers/FI.
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For fault currents less than 4 000 A r.m.s., the multipliers for the TRV peak voltage and time
to peak are set at 1,0 since the fuse standard does not differentiate these values at currents
less than the rated short-circuit current.

Table D.2 — TRV multipliers for line-connected reclosers/Fl

Per unit rated |Peak multiplier | 7, multiplier RRRV multiplier
current K, K, K, /K3
From |IEEE Std C37.06 0,10 1,17 0,40 2,93
Interpolated 0,20 1,15 0,40 2,87
FromtEEEStOC3706 0,30 513 0,40 /4,.%
Interpolated 0,50 1,09 0,58 ( 1,88
Frofn IEEE Std C37.06 0,60 1,07 0,67 /\\ 160\
From IEEE Std C37.06 1,00 1,00 1,00 1,00
NOTH The values for K., and K, are the same as those in IEEE StﬁCM\v

N\

Table D.3 — TRV multipliers for cab e-;d?nec d logers/Fl
£\

AN
Per unit ratel<>e<|€\\pli§ t@@li r p RRRV multiplier
current K, j\/ K, /K,
Frofn IEEE Std C37.06 0,10 N g 0,22 5,46
Interpolated 0,20 \ (W15 >o,22 5,32
Frofn IEEE Std €37.06 | \0.3p” ~ N\ M@ 0,22 5,14
Interpolated | 0,50 . 1,09 ) 0,37 3,34
Frofn IEEE Std C37.06 60\ 1,07 0,44 2,44
Fron IEEE Std37.06 4,00 \/1/,00 1,00 1,00

NOTE| The values for an e as those in IEEE Std C37.06 and are derived from
IEC 63271-100. Th u I vaI used fon)RRRV are based on system studies.
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Annex E
(normative)

Tolerances for test values

E.1 General

During type tests, the following types of tolerances may normally be distinguished:

e tolerances on test quantities which directly determine the stress of the

e tolerances concerning features or the behaviour of the test obje
test;

e tolg¢rances on test conditions;

e tolg¢rances concerning parameters of measurement devices to be
A tolefrance is defined as the range of the test value
even if the measured value falls outside the range; (thi

severq test condition.

E.2 ([Type test tolerances

Any dé
of the [measurement are ngf
of tolefances on test quantiti

a) tedting stations sha

b) thg toIeranc
stresses exceedjr

m4gnufacturer;

arg
d) if, fos TE only one limit is given, the other limit shall be considered to
cldse a sjble g specified value.

The tojerances o Y quantities for type tests shall be as shown in Table E.1.

er the

in the
h valid
more

rtainty
cation

Higher
bf the

ard to
limits

be as
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Table E.1 — Tolerances on test quantities for type tests

Testc rrent

ated normal current

These limits
only required
the last two H
of testing pe

Subclause Designation of the Test quantity Specified test value Test tolerances/
test limits of test
values
6.2 Dielectric tests
Test voltage (r.m.s Rated short-duration
9 T power-frequency +1 %
value) -
withstand voltage
6.2.6.1 Power-frequency
e voltage tests Frequency - 45 Hz to 65 Hz
" N Peak value / r.m.s. o
Weave—shape value = 2 % +5-%
Rated lightning imp
Peak value withstand voltage (N% 3%
6.2.6l2 Lightning impulse -
2. voltage tests Front time 1,2 us < \ };,Q\%\
Time to half-value 50 ps (\\ \ \20\%>
LeSsér of 25|% to
Measurement of the 50 % of rated
6.4 resistance of the DC test current I >nor:’nal) curtlent
main circuit (1) or 100 A
v
Ambient air ve|00|ty <0,5m/s
Test c )m\nt fre}m&nc%\’ R,éter(f\lfque\y +2 % 1-5%
6.5 Temperature-rise U +2% /-0 %

Are
for
ours
iod.

Test fr u ncy

Rated frequency

+10 %

ak urre
out

Rated peak withstand
current

+5%/-0%

rag OM
component of three-
W t current

Rated short-time

switching tests

component

0,
h d withstand current 5 %
6.6
.c.£omponent of test
current in any 1,0 +10 %
phase/average
Short-circuit current Rated short-circuit See tolerancgs
duration duration for 2t
Value of /% Rated value 7% +10 % / -0 %
Power frequency o
voltage variation Rated frequency 2%
\/nlf:nn rh:\ﬁ:\l of
recovery voltage 300 <10 %
ms after arc extinction
r.m.s. value/ r.m.s.
6.101 Capacitive current value of fundamental < 1,2

Test voltage

6.101.7

+3%/-0%

Frequency of the

Rated frequency 2 %
recovery voltage
it +10 %
Rated‘ capacitive Rated Value
breaking current 0%
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Subclause Designation of the Test quantity Specified test value Test tolerances/
test limits of test
values
o _ +0 %
Breaking current in T20 2.0 A»_toé ratek(_j short t
circuit breaking curren 25 %
. . 50 % of rated short-
Breaking current in T50 circuit breaking current +10 %
+5 % /-10 %
6.103.1.3 Test current ° °
Breaking current in 100 % of rated short- At least 2 test
T100 circuit breaking current | shall be
performed at -0 %
/‘(sge 6.10333
Peak short-circuit .
) Rated making currét* 10}0\@ Y|
current in T100 A (\
Applied voltage before \>
short-circuit making 10 %V -0 %]
tests
Applied phase voltage
deviation from three- 5 %
6.103.1.4 Power frequency test phase average
voltage
Power frequency \,/ﬁ e Itag o
recoyzfy\@lta ()7 5%
+20 %
+10 % / -0 %
6.103.15 Transient recoyer See Tables 7 through 15 %
T voltage (TRV) 11 inclusive 0%
120 %
6.104 Critic &\rre}h@s\ts\ See 6.104.2 +20 %
a minimum tripping
inimum thppt current See 6.104 +10 %
6.109
curre st
Test voltage See 6.104.1 Low voltage
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Annex F
(informative)

Definition for the automatic circuit recloser

F.1 Definition of a recloser

IEEE Std C37.100-1992 provides the official definition of an Automatic Circuit Recloser as
follows:

“A self-controlled device for automatically interrupting and reclosing urrent
circuit] with a predetermined sequence of opening and reclosing fol)g hold-
closed, or lockout operation. Note: When applicable, it includes S control
elements required to detect overcurrents and control the reglose iOR, FHE Std

C37.100-1992]

An aufomatic circuit recloser always consists of (i) a switch
(iii) sepsors for current and/or voltage sensing.

F.2 ([Background

The ejectrical grid has evolved throuy
distribfition circuits consisted primaril
fuses

and plication of technology.| Initial
ers in the substation and expulsion
f long

radial e rural
loads. ystem
coordi bvices.

When b days

Its are
only a
¥els. With minimal system coordination, a fuse opération
ent” service interruption when no “permanent” system fault or

Syster
tempof
few cy
resulty i
proble

The alitomatic _Cix cJoser was developed in the 1940’s to address this service reljability
proble g before the existence of sophisticated electronic relays and cqntrols,
the reg¢loser .added>an important tool for the utility to improve electrical service. The rgcloser
offered “feclosing” after a fault interruption with low pickup settings and a variety of different
time-c i inati i porary
fault protection and avoidance of an outage and for a permanent fault, contains the outage to
a minimum area. Reclosers are designed to provide up to three reclose intervals to offer three
chances to reclose, preventing a prolonged outage if the final reclose is successful.

F.3 Recloser classifications

Automatic circuit reclosers are classified on the basis of single or three phase, type of
controls (hydraulic or electronic), and type of interrupter (oil, SFg or vacuum). Each recloser
classification is required to meet the electrical and mechanical requirements and ratings as
established in this document. In general, a recloser with a vacuum interrupter has been rated
at 400 % duty cycle compared to an oil interrupting recloser.
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Single-phase reclosers are used for protection of single-phase lines, such as branches or taps
of a three-phase feeder. They are also being used on three-phase circuits where the load is
predominantly single phase. Thus, when a permanent phase-to-earth fault occurs, one phase

can be locked out while service is maintained to the remaining two-thirds of the system.

Three phase reclosers are used where lockout of all three phases is required for any
permanent fault, to prevent single phasing of three-phase loads such as large three-phase

motors.

F.4 Recloser operating characteristics

There| are also established industry definitions and performance e
following operating characteristics:

1) Tripping and control: The tripping time is identified as the Tim
incjudes both the control’s characteristic and the mechani

2) Log¢k-open function: The lockout function prevents an fosing operation

mgy also be initiated by local or supervisory commg

3) Reglosing interval: The reclosing interval is the open i } tween trip ope
j Annex L. The re
an outage. While
rips to lockout opgration

angl the reclose of the primary contacts.
prqvides multiple reclose attempt i
manufacturers have offered fou
sequence, the standard number of reclose_i (S | in the industry.

4) Repetting interval: The reset interval i ime ation after one or more operati
reget the operations to the total n ) ed operations. For a typical fg
operation recloser, if the\fault is~a tem and the recloser successfully re

to the four trip, thr

9,

on|the second recloseNntera ¢ g interval is the time for the recloser to

th the

C) and

is total

s and

ations
closer
some

ons to
ur-trip
closes
return
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Annex G
(informative)

Definition for the fault interrupter

G.1 Definition of a fault interrupter

IEEE Std C37.100 provides the official definition of a fault interrupter as follows:

“A self-controlled mechanical switching device capable of making, carrying
interrupting an alternating current. It includes an assembly of contre
overcyrrents and control the fault interrupter.” [IEEE Std C37.100-199¢

elements., to

A faulf interrupter always consists of (i) a switching device, (ii) 4
for current and/or voltage sensing.

G.2 |Background

toar
eleme

The m
capab
philos
a per
damad

G.3

It is ag ill be applied to a cable connected system. As su
rate o (RRRV) will be much lower that an overhead distr
feeder|ling ¢ itapce of the cable.

, ang autométically
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