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Foreword

(This Foreword is not a part of ANSI/IEEE C37.60-1981, IEEE Standard Requirements for Overhead, Pad Mounted, Dry Vault, and
Submersible Automatic Circuit Reclosers and Fault Interrupters for AC Systems.)

This Standard is a revised and updated version of ANSI/IEEE C37.60-1974, incorporating significant improvements
which reflect the present state of the art in recloser technology. These include changes and additions in the following
areas:

1) Expansion of the standard to include pad mounted and submersible reclosers

2) Inclusion of information for reclosers utilizing vacuum interrupters

3) New and expanded information related to interrupting tests, particularly for (a) cable charging currents, (b)
transformer magnetizing currents, and (c) load currents

4) The addition of surge withstand capability requirements for recloser control elements

5) Expanded production test requirements

Also included is the recognition of the need for partial discharge tests for some types of reclosers. While the procedure
and related requirements have not yet been finalized, (see 6.6), effort is presently underway to develop this
information, and it will be published after it has been completed and has gone through the full approval process.
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An American National Standard

IEEE Standard Requirements for
Overhead, Pad Mounted, Dry Vault, and
Submersible Automatic Circuit Reclosers
and Fault Interrupters for AC Systems

1. Scope

This standard applies to all overhead, pad mounted, dry vault and submersible single or multi-pole alternating current
automatic circuit reclosers and fault interrupters for rated maximum voltages above 1000 V.

In order to simplify this standard where possible, the tectoserhas been substituted fautomatic circuit recloser
or fault interrupteror both.

2. References
When the following American National Standards and Guides referred to in this standard are superseded by a revision
approved by the American National Standards Institute, the latest revision shall be used.

[1] ANSI C37.85-1972 (R1978), Interrupters Used in Power Switchgear, X-Radiation Limits for AC High-Voltage
Power Vacuum (includes ANSI C37.85a-1972)

[2] ANSI C84.1-1977, Woltage Ratings for Electric Power Systems and Equipment (60 Hz) (includes ANSI C84.1a-
1980)

[3] ANSI/IEEE C37.09-1979, Test Procedure for High-Voltage Circuit Breakers Rated on a Symmetrical Current
Basis

1ANSI documents are available from the American National Standard Institute, 1430 Broadway, New York, NY 10018.



ANSI/IEEE C37.60-1981 REQUIREMENTS FOR OVERHEAD, PAD MOUNTED, DRY VAULT, AND

[4] ANSI/IEEE C37.100-1981, Definitions for Power Switchgear
[5] ANSI/IEEE Std 386-1977, Separable Insulated Connectors for Power Distribution Systems Above 600 V
[6] IEEE Std 4-1978, Standard Techniques for High-Voltage Testing

[7] NEMA 107-1964 (1976), Methods of Measurement of Radio Influence Voltage (RIV) of High-\oltage Apﬁaratus

3. Service Conditions

3.1 Usual Service Conditions
Reclosers conforming to this standard shall be suitable for operation at their standard rating provided that:
1) The temperature of the cooling air (ambient temperature) is not ab6 ettbelow-30 °C.
2) The altitude does not exceed 1000 m (3300 ft).
3) For submersible units, the water head does not exceed 3 m (10 ft) above the base of the enclosure during

occasional submersion. Exposure to chemical or electrochemical reactions may be encountered in a subgrade
environment.

3.2 Unusual Service Conditions
3.2.1 Abnormal Ambient Temperatures

Reclosers may be applied at higher or lower ambient temperatures than specified, but performance may be affected and
special consideration shall be given to these applications.

3.2.2 Altitudes Above 1000 m (3300 ft)

Reclosers may be applied at altitudes higher than 1000 m (3300 ft). However, the basic impulse insulation level, rated
maximum voltage and rated continuous current shall be multiplied individually by the correction factors in Table 1,
Columns 3 and 4, to obtain values at which the application may be made. The rated interrupting current, related
required capabilities, and rated interrupting time are not affected by altitude.

Reclosers designed for standard temperature rise may be used at normal current rating without exceeding total
temperature limits provided that the ambient temperature does not exceed the ambient allowed in 3.1 multiplied by the
factor shown in Column 5 of Table 1.

3.2.3 Other Conditions which May Affect Design and Application

Where other unusual conditions exist they should be brought to the attention of those responsible for the manufacture
of the equipment. Examples of such conditions are:

2NEMA documents are available from National Electrical Manufacturers Association, Order Department, 2101 L Street, N.Wtowa3ging
20037.

2 Copyright © 1998 IEEE All Rights Reserved



SUBMERSIBLE AUTOMATIC CIRCUIT RECLOSERS FOR AC SYSTEMS

Table 1— Altitude Correction

Altitude Correction Factor to be Applied to

Voltage Current Ambient

Meters Feet Rating Rating Temperature
(Col 1) (Col 2) (Coal 3) (Col 4) (Col 5)
1000 3300 1.00 1.00 1.00
1200 4000 0.98 0.99 0.99
1500 5000 0.95 0.99 0.98
3000 10 000 0.80 0.96 0.92
4900 16 000 0.63 0.93 0.85

NOTE — Correction factors in Columns 4 and 5 shall not be applied
simultaneously.

ANSI/IEEE C37.60-1981

Unusual operating duty, frequency of operation, inadequate maintenance, special insulation requirements.
For overhead, pad mounted, and dry vault reclosers: Exposure to damaging fumes or vapors, excessive or

abrasive dust, explosive mixtures of dust or gases, salt air, extreme humidity.

For submersible reclosers: Exposure to tidal water, highly acidic water, water containing abnormal amounts
of dissolved road salt or fertilizer, continuous submersion and stray direct currents.

1) Abnormal vibration, shocks or tilting.
2) Unusual transportation or storage conditions.
3)
4)
5)
4. Definitions

The definitions of terms contained in this standard or in other American National Standards referred to in this standard,
are not intended to embrace all legitimate meanings of the terms. They are applicable only to the subject treated in this
standard

unit operation (of a recloser): An interrupting operation followed by a closing operation. The final interruption is

also considered one unit operation. (See Fig 1.)

Copyright © 1998 IEEE All Rights Reserved
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INITIATION OF
SHORT—=CIRCUIT

ACTUATION OF
TRIP CIRCUIT

PRIMARY ARCING
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FINAL ARC
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‘DELAY | TimE _|ARCING TimE

—d > re >

CONTACTY
__ PARTING TIME

- -

CLEARING TIME >

Figure 1— Unit Operation

5. Rating

5.1 Rating Information
The rating shall include the following terms:

1) Rated maximum voltage

2) Rated frequency

3) Rated continuous current

4) Rated minimum tripping current (series-trip coil reclosers only)
5) Rated symmetrical interrupting current

6) Rated symmetrical making current

7) Rated impulse withstand voltage

8) Rated control voltage

9) Rated cable charging interrupting current (where applicable)

5.2 Rated Maximum Voltage

The rated maximum voltage of reclosers shall be the values shown in Column 3 of Tables 2, 4 and 6.

5.3 Rated Frequency

The rated frequency of reclosers shall be 60 Hz.

4 Copyright © 1998 IEEE All Rights Reserved



SUBMERSIBLE AUTOMATIC CIRCUIT RECLOSERS FOR AC SYSTEMS ANSI/IEEE C37.60-1981

5.4 Rated Continuous Current

The rated continuous currents of reclosers shall be the values shown in Column 7 of Tables 2, 4 and 6, except as limited
by the series coil or minimum trip settings as given in Tables 3,5 and 7.

5.4.1 Conditions of Continuous Current Rating

1) Reclosers shall be used under the usual service conditions defined in 3.1

2) Current ratings shall be based on the total temperature limits of the materials used for such parts. A
temperature rise reference is given to permit testing at reduced ambient

3) Reclosers designed for installation in enclosures shall have their ratings based on the ventilation of such
enclosures and a 4C ambient temperature outside the enclosure

4) Outdoor reclosers and indoor reclosers without enclosures shall have ratings based @h amfent
temperature

5.4.2 Limits of Observable Temperature Rise

At rated current, the observable hottest-spot temperature rise above ambient and the total temperature of each of the
various parts shall not exceed those listed in Table 8.

5421

Classification of Insulating Materials: For the purpose of establishing temperature limits, insulating materials shall be
classified as follows:

1) Class 90 Insulation:Materials or combinations of materials such as cotton, silk, and paper without
impregnation. Other materials or combinations of materials may be included in this class if, by experience or
accepted tests, they can be shown to be capable of operatiofiCat 90

2) Class 105 InsulationMaterials or combinations of materials such as cotton, silk, and paper when suitably
impregnated or coated or when immersed in a dielectric liquid such as oil. Other materials or combinations of
materials may be included in this class if, by experience or accepted tests, they can be shown to be capable of
operation at 105C.

3) Class 130 InsulationMaterials or combinations of materials such as mica, glass fiber, asbestos, etc, with
suitable bonding substances.Other materials or combinations of materials, not necessarily inorganic, may be
included in this class if, by experience or accepted tests, they can be shown to be capable of operation at 130
°C.

4) Class 155 InsulationMaterials or combinations of materials such as mica, glass fiber, asbestos, etc, with
suitable bonding substances. Other materials or combinations of materials, not necessarily inorganic, may be
included in this class if, by experience or accepted tests, they can be shown to be capable of operation at 155
°C.

5) Class 180 InsulationMaterials or combinations of materials such as silicone elastomer, mica, glass fiber,
asbestos, etc with suitable bonding substances such as appropriate silicone resins. Other materials or
combinations of materials may be included in this class if, by experience or accepted tests, they can be shown
to be capable of operation at 18D.

6) Class 220 InsulationMaterials or combinations of materials that by experience or accepted tests can be
shown to be capable of operation at 220

7) Over Class 220 Insulatiorinsulation that consists entirely of mica, porcelain, glass, quartz, and similar
inorganic materials. Other materials or combinations of materials may be included in this class if, by
experience or accepted tests, they can be shown to be capable of operation at temperature¥ver 220

Copyright © 1998 IEEE All Rights Reserved 5
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Table 2— Rated Maximum Voltage, Rated Continuous Current. Rated Interruptina Current. Rated Impulse Withstand Voltage, and
Performance Characteristics of Oil Reclosers

Low-
Frequency
Insulation
Level
Withstand
Tesl' Current Ratings,
kV rms Amperes Standard Operating Duty
Rated Rated Percent of Interrupting Rating
.Max- Impulse .Symmet 15-20 45-55 90-100
imum With- rical Inter- Total
Nominal Volt stand rupting Tat Number Numberof  Number
System age Voltage Rated Min- Number of  Mini of Unit Min- Unit of Unit
Line Voltage (kV) (kV) 1 min 10s Continuous Maximum imum Unit mum Oper- imum Opera- Oper-
No (kv) rms rms Crest Dry Wet 60 Hz Volts XIR Operations XIR ations XIR tions ations
Col Col
Coll Col 2 Col 3 Col 4 Col5 Col6 Col 7 Col 8 Col 9 Col 10 11 Col 12 13 Col 14 Col 15
Single-Phase Reclosers
1 14.4 15.0 95 35 30 50 1250 2 40 4 40 8 20 100
2 14.4 155 110 50 45 100 2000 2 32 5 24 10 12 68
3 14.4 155 110 50 45 280 4000 3 32 6 20 12 12 64
4 14.4 155 110 50 45 560 10 000 4 28 8 20 15 10 58
5 24.9 27.0 150 60 50 100 2500 2 32 5 24 12 12 68
6 24.9 27.0 150 60 50 280 4000 3 32 6 20 13 12 64
7 34.5 38.0 150 70 60 560 8000 4 28 8 20 15 10 58
Three-Phase Reclosers
8 14.4 15.0 95 35 30 50 1250 2 40 4 40 8 20 100
9 14.4 155 110 50 45 100 2000 2 32 5 24 10 12 68
10 14.4 155 110 50 45 280 4000 3 32 6 20 12 12 64
11 14.4 155 110 50 45 400 4000 3 32 6 20 12 12 64

T86T-09°L€D 333I/ISNV
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Low-
Frequency
Insulation
Level
Withstand
Test Current Ratings,
kV rms Amperes Standard Operating Duty
Rated Rated Percent of Interrupting Rating
.Max- Impulse .Symmet 15-20 45-55 90-100
imum With- rical Inter- Total
Nominal Volt stand rupting Tat Number Numberof  Number
System age Voltage Rated Min- Number of Mini of Unit Min- of Unit
Line Voltage (kV) (kV) 1 min 10s Continuous Maximum imum Unit mum Oper- imum Opera-
No (kv) rms rms Crest Dry Wet 60 Hz Volts XIR Operations XIR ations XIR ations
Col Col
Col1l Col 2 Col 3 Col 4 Col5 Col6 Col 7 Col 8 Col 9 Col 10 11 Col 12 13 Col 14 Col 15
12 14.4 15.5 110 50 45 560 8000 3 28 7 20 14 10
13 14.4 15.5 110 50 45 560 16 000 4 16 8 8 16 4 28
14 14.4 15.5 110 50 45 560 16 000 4 28 8 20 16 10 58
15 14.4 15.5 110 50 45 1120 16 000 4 28 8 20 16 10 58
16 24.9 27.0 150 60 50 100 2500 2 32 5 24 12 12 68
17 24.9 27.0 150 60 50 560 8000 4 28 8 20 15 10 58
18 24.9 27.0 150 60 50 1120 8000 4 28 8 20 15 10 58
19 24.9 27.0 150 60 50 560 12 000 4 28 8 20 15 10 58
20 34.5 38.0 150 70 60 400 6000 4 28 8 24 15 10 62
21 34.5 38.0 150 70 60 560 16 000 4 28 8 20 15 10 58
22 34.5 38.0 150 70 60 1120 12 000 4 28 8 20 15 10 58
23 46.0 48.3 250 105 95 560 10 000 4 28 8 20 15 10 58
24 69.0 72.5 350 160 140 560 8000 4 28 8 20 16 10 58

*These are performance characteristics specified as test requirements in this standard.
tSee Table 3 for complete data on rated interrupting currents for reclosers using smaller series coil sizes or reducetti pngsittings.

58
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Table 3— Continuous Current and Interrupting Current Ratings of Oil Reclosers

Interrupting Current Rating in Amperes at Rated Maximum Voltage

Single-Phase Series Coil Reclosers

Three-Phase Series Coil Reclosers

Recloser Line No

Recloser Line No

1 2 3 4 5 6 7 8 9 10 11 12-17 16 20
C?:rl:tri:]eunotus Rated Maximum Voltage, kV Rated Maximum Voltage, kV
Rating, (A) 15.0 15.5 155 155 27.0 27.0 38.0 15.0 15.5 15.5 155 15-27 27.0 34.0
5 125 200 — — 200 — — 125 200 — — — 200 —
10 250 400 — — 400 — — 250 400 — — — 400 —
15 375 600 — — 600 — — 375 600 — — — 600 —
25 625 1000 1500 — 1000 — — 625 1000 1500 1500 — 1000 1500
35 875 1400 2100 — 1400 — — 875 1400 2100 2100 — 1400 2100
50 1250 2000 3000 — 2000 3000 — 1250 2000 3000 3000 — 2000 3000
70 — 2000 4000 — 2500 4000 — — 2000 4000 4000 — 2500 4200
100 — 2000 4000 6000 2500 4000 6000 — 2000 4000 4000 6000 2500 6000
140 — — 4000 8400 — 4000 8000 — — 4000 4000 8000 — 6000
200 — — 4000 10 000 — 4000 8000 — — 4000 4000 8000 — 6000
280 — — 4000 10 000 — 4000 8000 — — 4000 4000 8000 — 6000
400 — — — 10 000 — — 8000 — — — 4000 8000 — 6000
560 — — — 10 000 — — 8000 — — — — 8000 — —

T86T-09°L€D 333I/ISNV
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Three-Phase Non-Series Coil Reclosers Recloser Line No

11 12 13 14 15 17 18 19 20 21 22 23 24
T,r\l/gnén;tL:Eg Rated Maximum Voltage, kV

(A) 155 155 155 155 155 27.0 27.0 27.0 38.0 38.0 38.0 48.3 72.5
100 3000 — — — — — — — 3000 3000 — 3000 3000
140 4000 — — — — — — — 4200 4200 — 4200 4200
200 4000 6000 6000 6000 — 6000 6000 6000 6000 6000 6000 6000 6000
280 4000 8000 8400 8400 — 8000 8000 8400 6000 8400 8400 8400 8000
400 4000 8000 12 000 12 000 12 000 8000 8000 12 000 6000 12 000 12 000 10 000 8000
560 4000 8000 16 000 16 000 16 000 8000 8000 12 000 6000 16 000 12 000 10 000 8000
800 4000 8000 16 000 16 000 16 000 8000 8000 12 000 6000 16 000 12 000 10 000 8000
1120 — 8000 16 000 16 000 16 000 8000 8000 12 000 — 16 000 12 000 10 000 8000
1600 — — — — 16 000 — 8000 — — — 12 000 — —
2240 — — — — 16 000 — 8000 — — — 12 000 — —

NOTE — For interrupting current ratings at other than rated voltage, consult the manufacturer. The interrupting cigseftnetiasers are not generally on a constant kVA basis.

SINFLSAS IV d04 SHISOTO3Y LIND™HID JILVINOLNY FT19I1SHINGNS
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Table 4— Rated Maximum Voltage, Rated Continuous Current, Rated Interrupting Current, Rated Impulse Withstand Voltage, and
Performance Characteristics of Reclosers with Vacuum Interrupters

Low-
Frequency
Insulation

Level
Withstand

Test' kV rms

Current Ratings (A)

Standard Operating Duty

Percent of Interrupting Rating

Symmet- Total
Rated rical Inter- 15-20 4555 90-100 Num-
Nominal Rated Impulse ruptingTat  Mini- Mini- Number  Mini-  Number  ber of
System Maximum Withstand 1 Con- Rated mum Number of mum of Unit mum of Unit Unit
Line Voltage, Voltage, kV Voltage, min 10s tinuous, Maximum X/IR Unit X/IR Oper- X/IR Oper- Oper-
No kV rms rms kV Crest Dry Wet 60 Hz Volts Operations ations ations ations
Col Col
1 Col 2 Col 3 Col 4 Col5 Col6 Col 7 Col 8 Col 9 Col 10 Col 11 Col1l2 13 Col 14 Col 15
Single-Phase Reclosers
1 14.4 15.5 110 50 45 200 2000 2 52 5 68 10 18 138
Three-Phase Reclosers
2 14.4 15.5 110 50 45 200 2000 2 52 5 68 10 18 138
3 14.4 15.5 110 50 45 400 6000 3 48 7 60 14 16 124
4 14.4 15.5 110 50 45 560 12 000 4 44 8 66 15 16 116
5 14.4 15.5 110 50 45 800 12 000 4 44 8 56 15 16 116
6 14.4 15.5 110 50 45 560 16 000 4 44 8 52 16 16 112
7 14.4 15.5 110 50 45 800 16 000 4 44 8 52 16 16 112
g* 14.4 15.5 110 50 45 1120 16 000 4 44 8 52 16 16 112
9 24.9 27.0 125 60 50 560 10 000 3 44 7 56 14 16 116
10 34.5 38.0 150 70 60 560 12 000 4 44 8 56 15 16 116

NOTE — The Standard operating duty represents half life as measured by contact erosion. Refer to the manufacturerisdatetimihiiog permissible contact erosion.

*These are performance characteristics specified as test requirements in this standard.
tSee Table 5 for complete data on rated interrupting currents for reclosers using smaller series coil sizes or reducettiprseitings.
$These lines have been approved as Suggested Standard for Future Design.
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Table 5— Continuous Current and Interrupting Current Ratings of Reclosers

with Vacuum Interrupters

Interrupting Current Rating in Amperes at Rated Maximum Voltage

Single-Phase Series Coil Reclosers

Three-Phase Series Coil Reclosers

Recloser Line No

1

Recloser Line No

2 4 9

Continuous Current

Rated Maximum Voltage, kV

Rated Maximum Voltage, kV

Rating, Amperes 155 155 155 27.0
5 200 200 — —
10 400 400 — _
15 600 600 — —
25 1000 1000 — —
35 1400 1400 — —
50 2000 2000 3000 3000
70 2000 2000 4200 4200
100 2000 2000 6000 6000
140 2000 2000 8400 8400
200 2000 2000 12 000 10 000
280 — — 12 000 10 000
400 — — 12 000 10 000
560 — — 12 000 10 000
Three-Phase Nonseries Coil Reclosers
Recloser Line No
o 3 4 5 6 7 8 9 10
Minimum -
Trip Setting, Rated Maximum Voltage, kV
Amperes 15.5 15.5 15.5 15.5 15.5 15.5 27.0 38.0
100 3000 3000 3000 3000 — — 3000 3000
140 4200 4200 4200 4200 — — 4200 4200
200 6000 6000 6000 6000 — — 6000 6000
280 6000 8400 8400 8400 — — 8400 8400
400 6000 12 000 12 000 12 000 12 000 12 000 10 000 12 000
500 6000 12 000 12 000 16 000 16 000 16 000 10 000 12 000
800 6000 12 000 12 000 16 000 16 000 16 000 10 000 12 000
1120 — 12 000 12 000 16 000 16 000 16 000 10 000 12 000
1600 — — 12 000 — 16 000 16 000 — —
2240 — — — — 16 000 — — —

NOTE — For interrupting current ratings at other than rated voltage, consult the manufacturer. The interrupting cusestt ratin
reclosers are not generally on a constant kVA basis.
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NOTES:

1—

Insulation is considered to bapregnatedvhen a suitable substance provides a bond between components of the structure
and also a degree of filling or surface-coverage sufficient to give adequate performance

under the extremes of temperature, surface contamination (moisture, dirt, etc), and mechanical stress expected in service. The
impregnant must not flow or deteriorate enough at operating temperature so as to seriously affect performance in service.

The electrical and mechanical properties of the insulation must not be impaired by the prolonged application ofghe limitin
insulation temperature permitted for the insulation class. The wgodiredis here used in the sense of causing any change
that could disqualify the insulating material from continuously performing its intended function, whether it is creepage
spacing, mechanical support, or dielectric barrier action.

In the preceding definitions, the worascepted testare intended to refer to recognized test procedures established for the
thermal evaluation of materials by themselves or in simple combinations. Experience or test data, used in classifying
insulating materials, are distinct from the experience or test data derived for the use of materials in complete insulation
systems. The thermal endurance of complete systems may be determined by test procedures specified by the responsible
technical committees. A material that is classified as suitable for a given temperature in the preceding may be found suitable
for a different temperature, either higher or lower, by an insulation system test procedure. For example, it has been found tha
some materials suitable for operation at one temperature in air may be suitable for a higher temperature when used in a system
operated in an inert gas atmosphere.

It is important to recognize that other characteristics, in addition to thermal endurance, such as mechanical strength and
moisture resistance, are required in varying degrees in different applications for the successful use of insulating materials.

5.5 Rated Minimum Tripping Current (for Series-Trip Reclosers)

The

rated minimum tripping current shall be twice the continuous current rating with a tolerant@9éf

NOTE — The minimum tripping current for shunt trip reclosers is variable and has no relation to the rated continuous current.

12

Information on specific reclosers should be obtained from the manufacturer.
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Table 6— Rated Maximum Voltaoe. Rated Continuous Current, Rated Interruptina Current, Rated Impulse Withstand Voltaoe and

All with Vacuum Interrupters

Performance Characteristics of Pad Mounted, Dry Vault and Submersible Reclosers, and Non-Reclosing Fault Interrupters,

Low-

Frequency
Insulation
Level
Withstand
Tesl kV rms

Current Ratings, (A)

Standard Operating Duty’

Percent of Interrupting Rating

Symmet- 15-20 45-55 90-100 With-
Rated rical Total stand
Nom- Rated Impulse Max- Inter- Mini- Num- Mini- Num- Mini- Num- Num- Test
inal Maxi- With- imum rupting mum ber of mum ber of mum ber of ber of  Voltage
System mum stand Con- at Rated X/IR Unit X/IR Unit X/IR Unit Unit kV —
Line Voltage Voltage Voltage 1min 10s tinuous, Maximu Oper- Oper- Oper- Oper- dc 15
No kV rms kV rms kV Crest Dry Wet 60 Hz mV ations ations ations  ations min
Col Col
Coll Col 2 Col 3 Col4 Col 5 6 Col 7 Col 8 Col 9 Col 10 Col1ll Col12 Col13 14 Col 15 Col 16
Three-Phase Reclosers
SSFD 1 14.4 155 95 35 200 8000 1 44 2 56 4 16 116 53
SSFD 2 14.4 155 95 35 560 6000 3 48 7 60 14 16 124 53
3 14.4 155 95 35 560 12 000 4 44 8 56 15 16 116 53
SSFD 4 14.4 155 95 35 560 12 000 1 44 2 52 4 16 112 53
SSFD 5 24.9 27.0 125 40 200 16 000 1 44 2 52 4 16 112 78
6 24.9 27.0 125 40 560 10 000 3 28 7 20 14 10 58 78

NOTE — This standard operating duty represents half life as measured by contact erosion. Refer to manufacturer’'s methods fag permissible contact erosion.

*See Table 7 for complete data on rated interrupting currents for reclosers using smaller series coil sizes or reducedip settingst
tThese are performance characteristics specified as test requirements in this standard.
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Table 7— Continuous Current and Interrupting Current Ratings of Pad Mounted, Dry Vault and
Submersible Reclosers, and Non-Reclosing Fault Interrupters, All with Vacuum Interrupters

Interrupting Current Rating in Amperes at Rated Maximum Voltage

Three-Phase Series Coil Reclosers

Recloser Line No

1 2 3 4 5 6

. Rated Maximum Voltage, (kV)
Continuous Current

Rating, (A) 155 27.0

50 3000 3000

70 4200 4200
100 6000 6000
140 8400 8400
200 12 000 10 000
280 12 000 10 000
400 12 000 10 000
560 12 000 10 000

Three-Phase Non-Series Coil Reclosers

Recloser Line No

1 2 3 4 5 6

- . Rated Maximum Voltage, (kV)
Minimum Trip

Setting, (A) 15.5 15.5 15.5 15.5 27.0 27.0
100 6000 6000 3000 3000 3000 3000
140 8000 3000 4200 4200 4200 4200
200 8000 4200 6000 6000 6000 6000
280 8000 6000 8400 8400 8400 8400
400 8000 6000 12 000 12 000 12 000 10 000
560 6000 12 000 16 000 16 000 10 000
800 6000 12 000 16 000 16 000 10 000
1120 6000 12 000 16 000 16 000 10 000

5.6 Rated Symmetrical Interrupting Current

The rated symmetrical interrupting currents of reclosers shall be as given in Column 8 of Tables 2, 4 and 6, except as
limited by the series coil or minimum trip settings as given in Tables 3, 5 and 7.
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The rated symmetrical interrupting current shall be based on the capability of the reclosers to interrupt the
corresponding asymmetrical current in circuits ha\)(ﬂ@valueg as given in Columns 9, 11 and 13 of Tables 2, 4 and
6 and with a normal frequency recovery voltage equal to the rated maximum voltage.

The rms value of asymmetrical fault current, at any time after initiation of the fault, is dependent upon the
instantaneous voltage existing at the moment the fault is initiated and upon the decrement of the direct-current
component which is determined by tK¢éR value of the circuit. The following multiplying factors shall be used to
obtain the maximum rms value of asymmetrical current at one-half cycle corresponding to the rated symmetrical
interrupting current.

X/IR Multiplying Factor
8 1.39
10 1.44
12 1.48
14 151
16 1.53

5.7 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 R ratio.

5.8 Rated Impulse Withstand Voltage

The rated impulse withstand voltage of reclosers shall be as given in Column 4 of Tables 2, 4 and 6 and shall be
negative or positive, depending upon which gives the lower insulation strength. The voltage wave shall reach its crest
value in 1.2us and decay to one-half its crest value ipus0

a 2X; + X
3 X/Ris the ratio of inductive reactance to resistance of a circuit at rated freqMepiRy, is to be used for three-phase faults ?ﬁu is to
be used for phase-to-ground faults. 1t Ro
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Table 8— Limits of Observable Temperature Rise

Contacts, Conducting Joints, or Limit of Observable Total
Bushing Terminals when Clean and Hottest Spot Temperature
Bright Temperature Rise £C) (°C)

Coils and Their Terminals

Class 90 Insulation 50 90
Class 105 Insulation 65 105
Class 130 Insulation 90 130
Class 155 Insulation 115 155
Class 180 Insulation 140 180
Class 220 Insulation 180 220
Series coils with over 220 class No Limit No Limit

insulation, or bare
Recloser Contacts Conducting Joints and Other'Parts
Silver to silver in air 65 105

Silver to silver in air — vacuum 85 125
interrupter studs/clamps

Silver to silver in oil 50 90

Copper to copper in air 50 90

Copper to copper in oll 30 70

Copper to aluminum in air 50 90

Copper to aluminum in oil 30 70
8@:)2.5 cm (1 in) Below Surface (Top 45 85

i

Terminal Connectionls

Silver to silver 65 105
Copper to copper 50 90
Copper to aluminum 50 20

*Contacts or other parts in other than oil or air may be operated at other temperatures providing it can be
shown by experience or tests that accelerated deterioration will not occur.

TIf connections are made to cables, recognition must be given to possible thermal limitations of cable
and appropriate measures taken.
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Table 9— Rated Control Voltage and Ranges

Direct Current (1)
Control Voltage Ranges (4), (5)

Nominal Closing and Auxiliary Tripping
Voltage Functions Functions
24 (2) — 14 - 28 (6)
48 (2) 38-56 28 — 56 (6)
125 100 — 140 70 - 140
250 200 - 280 140 — 280

Alternating Current
Control Voltage Ranges (3), (4), (5)

Nominal Voltage

(60 Hz) Closing, Tripping and Auxiliary Functions
Single Phase
120 104 — 127 (3)
240 208 — 254 (3)
480 416 — 508 (3)
Polyphase
208Y/120 180Y/104 — 220Y/127
240 208 -254
480 416 — 508
480Y/277 416Y/240 — 508Y/292
NOTES:

1 —Itisrecommended that the coils of closing, auxiliary and tripping devices which
are directly connected continually to one dc potential should be connected to
the negative control bus so as to minimize electrolytic deterioration.

2 — 24V or 48V tripping, closing, and auxiliary functions are recommended only
when the device is located near the battery or where special effort is made to
insure the adequacy of conductors between battery and control terminals. 24 V
as the primary closing source is not recommended. It is suitable for operation
of the auxiliary functions such as relays and contactors.

3 — Includes heater circuits.

4 — Relays, motors, and other auxiliary equipment which function as a part of the
control for a device shall be subject to the voltage limits imposed by this
standard, whether mounted at the device or at a remote location.

5 — Reclosers in some applications may be exposed to control voltages exceeding
those specified here due to abnormal conditions such as abrupt changes in line
loading. Such applications require specific study, and the manufacturer should
be consulted. Also, applications of reclosers containing solid-state control
exposed continuously to control voltages approaching the upper limits of
ranges specified herein require specific attention and the manufacturer should
be consulted before application is made.

6 — Reclosers having self-contained dc control sources shall operate over the range
of 85% to 115% of nominal voltage, and Table 5 shall not apply.

Copyright © 1998 IEEE All Rights Reserved
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Table 10— Cable Charging Interrupting Current Ratings

Rated Cable Charging Current RMS Amperes

Maximum
Line
Voltage Pad Mounted and
(kV) Overhead Submersible
15.5 2 10
27 5 25
38 5 40

5.9 Rated Control Voltage and Ranges
When measured at the control power terminals of the operating mechanisms with the maximum operating current

flowing, nominal voltages and their permissible ranges for the control power supply of switching and interrupting
devices shall be as shown in Table 9.

5.10 Rated Cable Charging Interrupting Current (where applicable)

The cable charging interrupting current ratings for reclosers having this capability are as given in Table 10.

6. Design Tests

Reclosers shall be capable of meeting the design tests described in 6.2 through 6.14 inclusive. Once made, the design
tests need not be repeated unless the design is changed so as to modify the performance characteristics of the recloser.

6.1 General

6.1.1 Condition of Device to be Tested

The recloser shall be new and in good condition, and tests shall be applied before the device is put into commercial use.
6.1.2 Mounting of Device

The recloser shall be mounted in a manner closely approximating the normal service conditions for which it is
designed. If the recloser normally requires control apparatus, the control apparatus shall be connected during the tests.

6.1.3 Grounding of Device

All groundable parts of the recloser, and control apparatus where used, shall be grounded by a lead attached to the
ground terminal and other groundable parts in a manner not to decrease the withstand voltage.

6.1.4 Frequency

The frequency of the supply voltage shall be 60+#526. A sine wave of acceptable commercial standards shall be
applied.
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6.1.5 Control Voltage

The recloser shall perform satisfactorily over the full range of control voltages specified in 5.9.

6.2 Insulation (Dielectric Tests)

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

6.2.1 Withstand Test Voltages

1)

2)

3)

Impulse withstand test voltage shall be a 1.2u$doltage impulse, with a crest value as given in Column 4
of Tables 2, 4 and 6. At least three positive and three negative impulses shall be applied to the test device. If
flashover occurs on only one test during any group of three consecutive tests, three more tests shall be made.
If the recloser successfully withstands all three of the second group of tests, the flashover in the first group
shall be considered a random flashover and the recloser shall be considered as having successfully passed the
test. If an additional flashover occurs the recloser shall be considered to have failed. The following tolerances
shall apply during these tests, unless otherwise specified.
a) Design TestsReclosers shall pass a full wave 1.2 pS@oltage impulse with a virtual front time based
on the rated full wave impulse voltage equal to or less thapsl®ith a crest voltage equal to or
exceeding the crest value given in Column 4 of Tables 2, 4 and 6, and with a time to the 50% value of the
crest voltage equal to or greater tharnus0
b) Conformance Test&hen impulse voltage tests are required for conformance tests, reclosers shall be
capable of passing a 1.2 - @6 full wave impulse voltage test series with values as specified by the
purchaser in accordance with the following: a virtual front time, based on the rated full wave impulse
voltage, equal to or greater than L&, a crest voltage not exceeding the rated full wave impulse
withstand voltage; and a time to the 50% value of the crest voltage not exceegdmsg 50
NOTE — When the interrupting medium is vacuum, the recloser shall withstand the rated impulse voltage in the
closed position. However, the unique characteristics of an open vacuum interrupter or vacuum gap make
it permissible to have random sparkovers of the open vacuum interrupter as much as 25% below the rated
impulse withstand voltage of the recloser. If such an impulse surge sparks over the open interrupter
contacts, the impulse current will pass through the open contacts without damage to the interrupter unit.
An impulse sparkover of the open vacuum contacts may be followed by a flow of power current which
will be interrupted without damage to the recloser.
Low frequency withstand test voltages shall be applied with a crest value equal to 1.414 times the rated low-
frequency withstand dry and wet test values given in Columns 5 and 6 of Tables 2, 4 and 6 with test durations
of 60 s for the dry test and 10 s for the wet test. Wet tests shall be made in accordance with IEEE Std 4-1978
[6].4 If bushing coordination gaps are used, they shall be retained in place during tests and shall withstand
these test voltages. Wet tests shall not apply to reclosers utilizing submersible cables and terminations.
On reclosers using submersible cable connectors a dc withstand test shall be used in addition to the low-
frequency withstand test in (2) above. When used, the test voltage applied shall be the value given in Column
16 of Table 6.

6.2.2 Electrical Connections

1)

2)

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.

On pad mounted, submersible and dry vault reclosers connections shall be made through a cable termination
similar to that for which the recloser was designed. If terminations capable of meeting the specified dielectric

“The numbers in brackets correspond to the references listed in Section 2 of this standard.
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voltage are not available, other terminations (bushing or connectors, or both) may be substituted for the
purpose of performing these tests.

6.2.3 Points of Application of Test Voltage
Tests 1, 2, and 3 shall be made on multi-pole reclosers. Tests 1 and 2 shall be made on single pole reclosers.

Test 1:With the recloser closed, and with tanks and groundable parts grounded, the test voltage shall be applied
simultaneously to all of the terminals on one side of the recloser.

Test 2:With the recloser open, the test voltage shall be applied simultaneously to the terminals on one side of the
recloser. The other terminals, tanks and groundable parts shall be grounded. Then, reverse connections and repeat
procedure.

Test 3:With the recloser closed, the test voltage shall be applied to the middle phase of the recloser. The terminals of
the other phase, all tanks and groundable parts shall be grounded.

6.2.4 Temperature
Dielectric tests shall be made at the temperature attained under the conditions of commercial testing.
6.2.5 Dielectric Test Procedures and Voltage Measurements

The dielectric test procedures and the methods of voltage measurement shall be in accordance with IEEE Std 4-1978

[6].

6.3 Interruption Tests

If three-phase tests are made, when testing reclosers intended for applications on multi-ground€dsysterfs,

both the source and load neutrals shall be grounded for one fourth of the unit operations specified in Column 10 of
Tables 2, 4 and 6. Otherwise for three phase tests, either the load neutral or the supply shall be grounded, but not both.
If single-phase tests are made, a ground shall be placed on the test circuit. When single-phase testing is used for proof
of three-phase performance, the test voltage shall be 87% of the corresponding phase-to-phase voltage; opening and
closing speeds shall be maintained at levels comparable to those obtained during a corresponding three-phase test.
Consideration should also be given to the possibility of flashover between phases during actual three-phase operation
where ionized gases can communicate. This condition could be simulated on single-phase tests with the addition of
temporary ground screens or barriers.

6.3.1 Interrupting Performance (Automatic Operation)

Reclosers when tested according to 6.1 shall be capable of interrupting, automatically, all currents from a value equal
to the lowest minimum trip setting up to and including the rated interrupting currents shown in Tables 2, 4 and 6. Also,
reclosers, when tested 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 interrupting currents shown in Tables 2, 4 and 6.

1) Atany degree of asymmetry corresponding todifievalues given in Columns 9, 11 and 13 of Tables 2, 4 and
6. For currents other than tabulated, the minim¥fR values shall be determined by interpolation or
extrapolation.
2) At atest voltage such that the normal frequency recovery voltage is at least:
a) For single-phase reclosers, the rated maximum voltage
b) For three-phase tests on three-phase reclosers, the rated maximum voltage
c) For single-phase tests to prove three-phase performance on three-phase reclosers 87% of the rated
maximum voltage
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3) At the minimum control voltage for which a shunt-trip recloser is designed
4) With either terminal connected to the line conductor unless the line and load terminals are identified on the
device

6.3.2 Interrupting Performance (Non-Automatic Operation)

Reclosers, when tested according to 6.1 and as follows, shall be capable of interrupting all load currents up to and
including the rated continuous current shown in Tables 2, 4 and 6.

The normal frequency recovery voltage shall be the same as specified in 6.3.1 (2).
6.3.2.1 Test Conditions

The power factor of the test circuit shall be equal to or less than 70% lagging. The test circuit shall consist of at least
10% series resistance and inductive reactance havingRwmatio of 2.0 or more, with the remaining impedance
consisting of parallel connected resistance and inductive reactance, as shown in Fig 2(a) or 2(b).

6.3.2.2 Test Procedure

Power shall be applied to the recloser in the closed position. After the closing transient has subsided, the recloser shall
be opened by means of the manual operating handle, or by means of the shunt-trip coll if the recloser is so equipped.

Representative oscillographic records shall be obtained of the device performance on each different test circuit.
6.3.3 Determination of Rated Interrupting Current

The operating duty test as specified in 6.3.4 shall be the basis for determination of the rated interrupting current
provided all requirements of 6.3.1 are fulfilled and at least two interruptions are performed with the initial current loop
having maximum asymmetry as determined by the appropriate multiplying factor in 5.6 ¥dRth&ue in Column

13 of Tables 2, 4 and 6. If two such interruptions are not obtained in the operating duty tests, additional tests as
specified in 6.3.1 shall be made but not necessarily on the same recloser.

The operating duty test for three-phase reclosers with contacts ganged for essentially simultaneous opening may be
demonstrated by single-phase tests. To prove interrupting performance in accordance with 6.3.1, at least one-fourth of
the unit operations given in each of Columns 10, 12 and 14 of Tables 2, 4 and 6 shall be made at 87% of rated
maximum voltage as given in Column 3 of Tables 2, 4 and 6. The tests at maximum interrupting current shall include
at least one sequence of the maximum number of operations to lockout permissible as described in 6.3.4.1 and 6.3.4.2.
The balance of the unit operations may be made at 58% of rated maximum voltage with at least one phase having an
initial loop at rated making current as specified by 5.7.

6.3.4 Operating Duty Test
6.3.4.1 Test Conditions

The operating duty test shall consist of the total number of unit operations as given in Column 15 of Tables 2, 4 and 6
and as apportioned in Columns 10, 12 and 14 of Tables 2, 4 and 6 without maintenance during the test.

For the operations required in Column 14 of Tables 2, 4 and 6, at least one fast opening followed by one time-delayed
opening shall be at current not less than rated symmetrical interrupting current.

The recloser shall be adjusted to give the maximum permissible number of unit operations, including at least one fast

and time-delayed opening, before the lockout operation occurs. If the reclosing intervals are adjustable, these shall be
set for the minimum reclosing intervals for which the recloser is designed.
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NOTE: Neutral connections are to be made as stated in 6.3.

(2)

(SEE 6.3)

(b)

Figure 2— Test Circuits(a) Three Phase (b) Single Phase
The X/Rratio of the test circuit shall not be less than that given in Columns 9, 11 or 13 of Tables 2, 4 and 6.
The normal frequency recovery voltage shall not fall below the nominal system voltages as given in Column 2 of
Tables 2, 4 and 6, and shall be held for one second after final interruption. The oscillograph record showing all
pertinent information may be discontinued 100 ms after the final interruption.
6.3.4.2 Test Procedure
Power shall be applied to the recloser when in the closed position and then the recloser shall open and reclose until the
lockout position is reached. This series of operations shall be repeated a sufficient number of times to obtain the

number of unit operations specified in Columns 10, 12 and 14 of Tables 2, 4 and 6.

Power initiation for each series of operations to lockout shall be timed to produce maximutimffsefirst loop of
current with random timing permissible on subsequent closings of each series.

SMaximum offset in the first loop shall be considered obtained in a circuit with the specified short circuit power fA¢foratio if power is
initiated at voltage zero with an allowable deviatiord® electrical degrees.
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Oscillograph records shall be obtained of each series of operations. The initial loop of current of each series shall show
maximum offset within a limit of +0 an€10%. The current for all unit operations shall be within the range specified
in Tables 2, 4 and 6. Current shall be measured at the instant of contact separation for each unit operation.

The current and normal frequency recovery voltages shall be calculated in accordance with ANSI/IEEE C37.09-1979

[3].
6.3.4.3 Condition of Recloser Following Operating Duty Tests
At the end of the standard operating duty test the recloser shall be in the following condition:
1) Mechanical.The recloser shall be substantially in the same mechanical condition as at the beginning. The
recloser shall be capable of automatic and manual operation.
2) Electrical. The recloser shall be capable of withstanding maximum rated voltage in the open position, and of
carrying rated continuous current at rated maximum voltage in the closed position, but not necessarily
without exceeding rated temperature rise.

6.3.4.4 Interpretation of Operating Duty Tests

After the standard operating duty tests, it is not to be inferred that the recloser can meet its interrupting rating without
inspection and maintenance.

6.3.5 Operating Duty Test; Non-Reclosing Fault Interrupters
The operating duty test shall consist of the total number of operations as given in Column 15 of Table 6, and as
apportioned in Columns 10, 12 and 14 of Table 6 without maintenance during the test. One third of the operations shall

be performed on elose-operoperating sequence. Closing may be random except that at least one maximm offset
in the first loop of current at a current equal to the rated symmetrical interrupting current shall occur.

6.4 Making Current Tests

The operating duty tests in 6.3.4 and 6.3.5 shall provide proof of the ability to close and latch on the rated interrupting
current of the recloser.

6.5 Minimum Tripping Current Tests

Reclosers shall meet the rated minimum tripping currentwithin the specified linit$Q86 when tested as specified
in 6.1 and as follows:

6.5.1 Test Circuit

The recloser shall be connected to a low-voltage power source of alternating current in series with a means for raising
the voltage across the recloser.

6.5.2 Test Procedures
With the recloser set for an instantaneous trip, apply a voltage across the recloser that will cause any value less than

80% of the anticipated minimum tripping current to flow and raise the current quickly to the 80% value. Then raise the
current slowly at a rate requiring at least 10 s to reach the nominal minimum tripping current. Continue increasing the

SMaximum offset in the first loop shall be considered obtained in a circuit with the specific short-circuit power fax{@ratio if power is
initiated at voltage zero wiht an allowable deviatiordf0 electrical degrees.
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current at the same rate until the recloser operates, as indicated by the cessation of current. Read the maximum current
reached on the ammeter.

6.6 Partial Discharge Tests

This section is presently under study by the Committee, and, when completed, will be published as a supplement.

6.7 Radio Influence Voltage Tests (RIV)

When the primary conductor insulation consists of self restoring dielectric such as porcelain, oil, or gas (including air)
the RIV test shall be made if the partial discharge test is not made. Reclosers shall meet the RIV limits when tested in
accordance with 6.1 and as follows.

6.7.1 Test Voltages and Limits

The test voltages and limits of conducted radio influence voltage when tested at 1000 kHz shall be as specified in Table
11.

Table 11— Test Voltages and Limits of Conducted Radio Influence Voltage
60 Hz Test Limit of Radio

Rated Maximum Voltage Influence Voltage
voltage (kV) (kV) (uV at 1.0 MHz)
15.0-15.5 9.4 500
27.0 16.4 650
38.0 23.0 650
48.3 29.3 650
72.5 44.0 1250
NOTES:

1 — In the case of reclosers having voltage ratings not
covered by this table, the test shall be made at 105%
of the line to neutral voltage, based on the rated
maximum voltage.

2 — Reclosers having two or more voltage ratings shall be
tested on the basis of the highest voltage rating given
on the nameplate.

6.7.2 Test Conditions
6.7.2.1 Proximity of Other Apparatus

Any grounded or ungrounded object or structure (except mounting structure when required) shall not be nearer any
part of the recloser or its terminals undergoing test than three times the longest overall dimension of the test piece with
a minimum allowable spacing of 1 m (3 ft).

Where space requirements under test conditions do not permit the above clearances to be maintained, the test shall be
considered as satisfactory if the limits of radio influence voltage obtained are equal to or less than those specified in
6.7.1. In such cases a record should be made of the object, structures, etc and their distances from the recloser under
test; these data are to be kept for future use.
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6.7.2.2 Oil Filled Reclosers

The tanks of oil-filled reclosers shall be filled with the prescribed amount of oil.

6.7.2.3 Electrical Connections

Conductors of the largest size intended for use with the recloser under test shall be connected to each terminal. The
length of the conductors, when used, shall be equal to or greater than the longest overall dimension of the recloser
except that the length need not exceed 1.8 m (6 ft). The free end of any such conductor shall terminate in a sphere
having a diameter of twice the diameter of the conduettd% or shall be shielded in some other suitable manner to
eliminate the effect of the end of the conductor as a source of radio influence voltage.

6.7.2.4 Ambient Radio Noise

Tests may be made under conditions prevailing at the time and place of test. However, it is recommended that tests be
avoided when the radio influence voltage of the test equipment (including the influence voltage of irrelevant electrical
devices) exceeds 50% of the radio influence voltage of the recloser to be tested.

6.7.2.5 Atmospheric Conditions

Tests shall be conducted under atmospheric conditions prevailing at the time and place of test but it is recommended
that tests be avoided when the vapor pressure is below 0.67 kPa of mercury (0.2 in) or above 2.02 kPa of mercury (0.6
in).

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

6.7.3 Test Equipment and Procedure

The equipment and general method used in making radio influence voltage tests shall be in accordance with the
recommendations of NEMA 107-1964 [7].

6.7.3.1 Procedure
Tests shall be made with the recloser in the closed and open positions.

When tests are made with the recloser in the open position, the radio influence voltage shall be determined with the
pole or group of poles not connected to the measuring apparatus both grounded and ungrounded.

6.7.3.2 Tests on Multi-Pole Devices

In the case of multi-pole reclosers, one pole or terminal or groups of the same may be tested at one time.

6.7.3.3 Tests on Assembled Apparatus

In the case of assembled equipment, the test shall be made without removing any component part, and the test voltage
shall be determined by the component part with the lowest rated voltage. The limiting radio influence voltage shall be
identical with the highest value fixed for any of the component parts which determine the test voltage.

6.7.3.4 Precautions

The following precautions shall be observed when making radio influence voltage tests:
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1) The recloser should be approximately the same temperature as the room in which the tests are made

2) The recloser should be dry and clean

3) The recloser should not have been subjected to dielectric tests within 2 h prior to the radio influence voltage
tests

4) In some cases it may be found that the radio influence voltage falls off after the 60 Hz voltage has been
applied for a short time. In such cases, it may be desirable to pre-excite the recloser at normal operating
voltage for a period not exceeding 5 min before proceeding with the tests

6.8 Surge Current Test; Series Coil Reclosers

Series coll reclosers shall be capable of withstanding two current surges of 65,000 A crest having ps5 - 10
waveshape.

6.8.1 Test Conditions

If a coil bypass device is required, it shall be mounted in the recloser 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.

6.8.2 Test Procedure
Two current surges of the specified current value shall be applied to each phase.

Following this test the recloser shall be tested at the minimum tripping current so as to cause it to go through one
automatic operation to lockout.

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

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

2) Electrical. The recloser in the open position and with the coil bypass device, if used, connected in its normal

operating position shall be capable of withstanding rated maximum voltage and when in the closed position,
of functioning correctly on overcurrent to go through its cycle to lockout.

6.9 Temperature Rise Test

The reclosers shall meet the conditions of continuous current rating and limits of observable temperature rise as
specified in 5.4.1 and 5.4.2, respectively, when tested as specified in 6.1 and as follows:

6.9.1 Test Conditions

The device shall be mounted in a closed room substantially free from air currents other than those generated by heat
from the device being tested.

6.9.2 Electrical Connections
The recloser shall have a bare conductor connected to each terminal, having a minimum length of 1.2 m (4 ft),

specified for the recloser being tested, as given in Table 12, for reclosers with bushings designed for connection to bare
conductors. The connection shall be made to the ends of these conductors.
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For reclosers with separable cable connection bushings, the connecting conductors shall have a minimum length of 1.2
m (4 ft), and shall be of aluminum with sizes as shown in Table 13 (or equivalent).

6.9.3 Test Procedure

The rated continuous current of a recloser at rated frequency shall be applied continuously until the temperature
becomes constant. The temperature shall be considered constant when three consecutive values of temperature rise
taken at one-half hour intervals at all points where readings are being taken show a maximum variation of one degree.
If the temperature rise after the second interval is equal to the limit of observable temperature rise (5.4.2) and if the
temperature rise has increased since the last reading, the tests shall be continued. All temperature determinations shall
be made as follows:

Table 12— Size of Bare Copper Leads

Rated
Continuous
Current, (A) Size of Leads
Up to 50 AWG No 6 Solid
70 -100 AWG No 2/0 Stranded
140 — 200 AWG No 4/0 Stranded
280 (125 mrA) (250 000)
400 (200 mrA) (400 000)
560 (300 mrA) (600 000)
800 (500 mrf) (1 000 000)
1120 (1000 mrf) (2 000 000)

Table 13— Size of Aluminum Cable Leads

Rated
Continuous
Current, (A) Size of Leads
200 AWG No 4/0 Stranded
560 1 000 000 Cmil (500 m2r)1

6.9.3.1 Method of Temperature Determination

This method consists of the determination of the temperature by thermocouples applied to the hottest part of the
apparatus.

6.9.3.2 Value of Ambient Temperature During Test

1) The ambient temperature shall be taken as that of surrounding air, which should not be les§Ghaor 10
more than 40C

2) Corrections shall not be applied for any variations in ambient temperature within the range specified in (1),
above

3) Temperature tests may be made at ambient temperatures outside the range specified, if suitable and agreed
upon correction factors are available
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6.9.3.3 Determination of the Ambient Temperature
6.9.3.3.1 Placing of Thermocouples

The ambient temperature shall be determined by taking the average of the readings of three thermocouples
(thermometers) placed 30 cm (12 in) to one side of the device and vertically located as follows:

1) One 30 cm (12 in) above the device

2) One 30 cm (12 in) below the device

3) One midway between the above two positions
6.9.3.3.2 Use of Oil Cup
In order to avoid errors due to the time lag between the temperature of apparatus and the variations in the ambient
temperature, all reasonable precautions must be taken to reduce these variations and the errors arising therefrom. Thus,
when the ambient temperature is subject to such variations that error in taking the temperature rise might result, the
thermocouple for determining the ambient temperature should be immersed in a suitable liquid (such as oil) in a
suitable heavy cup.
A convenient form for such an oil cup consists of a metal cylinder with a hole drilled partly through it. This hole is
filled with oil and the thermocouple is placed therein. The response of the thermocouple to various rates of temperature
change will depend largely upon the size, kind of material, and the mass of the containing cup and may be further
regulated by adjusting the amount of oil in the cup. The larger the apparatus under test, the larger the metal cylinder

employed as an oil cup in the determination of the cooling air temperature should be. The smallest size of oil cup
employed in any case shall consist of a metal cylinder 2.5 cm (1 in) in diameter and 5 cm (2 in) high.

6.10 Time-Current Tests
6.10.1 Test Conditions

The time-current test conditions shall be as specified in 6.1 and as follows, except the mounting and grounding
requirements are not obligatory.

The current range for which data shall be obtained shall be from the minimum tripping current to the rated interrupting
current.

The temperature of the oil in reclosers with hydraulic timers shall BE 252 °C at the start of the test.
6.10.2 Test Procedure

Time-current tests shall be conducted as follows (see Fig 1):

6.10.2.1 Contact Parting Time-Current Tests

Contact parting time-current tests shall be made at any voltage up to the rated maximum voltage of the recloser being
tested with the test circuit so arranged that current through the recloser is held essentially at a constant value.

6.10.2.2 Clearing Time-Current Data
Clearing time-current data shall be determined by either method A or B.
Method A:Adding arcing time to the contact parting time obtained in 6.10.2.1. Arcing time may be obtained from

oscillograms taken in making interrupting or operating duty tests.
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Method B:Measuring the total clearing time from oscillograms of interrupting tests taken at rated maximum voltage
and at currents ranging from minimum trip to rated symmetrical interrupting rating.

6.10.2.3 Measurement of Current During Time-Current Tests
The measurement of current through the recloser during a time-current test shall be made as follows:

1) Acurrent existing for 1 s or more may be measured with a standard indicating ammeter.
NOTE — A standard ammeter equipped with an adjustable stop to reduce the movement of the needle during test will
improve the accuracy of the measurement.
2) A current of less than 1 s duration shall be measured with an oscillograph, or other suitable instrument, and

the current wave including the direct-current component of current and the alternating-current decrement
shall be corrected to steady-state conditions for plotting the time curves.

6.10.2.4 Measurement of Time During Time-Current Tests
The measurement of the time shall be made as follows:
1) Atime longer than 10 s may be measured with a stop watch, electric clock, timer or equivalent
2) Atime between 1 and 10 s may be measured with a synchronous timer or equivalent
3) Atime shorter than 1 s shall be measured with an oscillograph or other suitable instrument
6.10.3 Presentation of Data Standard Time-Current Curves
The results of time-current tests shall be presented as time-current curves on log-ldgrpapairves shall show:
1) The clearing time for each instantaneous or fast and time delayed time-current curve
2) The voltage at which the tests are made when plotted on the basis of method B, 6.10.2.2
3) The type and rating of recloser for which curve data apply
4) The current range from minimum pickup current to the rated interrupting current

5) Tolerances
a) Instantaneous or fast clearing time-current curves, or both, for reclosers shall be plotted to maximum test

values.
b) Time delay clearing time-current curves for all reclosers shall be plotted to average test values.
Permissible tolerance from curves af®% of time or current, whichever is greater.

6.11 Mechanical Operations Tests

The recloser shall meet the conditions of mechanical duty when tested in accordance with 6.1.1, 6.1.2 and 6.1.3 and as
follows:

6.11.1 Mechanical Duty Test

The recloser shall be subjected to a minimum of 2000 unit operations without maintenance. The recloser shall be
adjusted for the maximum permissible number of unit operations to lockout. If the reclosing intervals are adjustable,
these shall be set for the minimum reclosing intervals for which the recloser is designed.

6.11.2 Condition of Recloser Following Mechanical Operation Test

The recloser shall be capable of automatic and manual operation.

“Keuffel and Esser No 485258 or equivalent.
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6.12 Cable Charging Current Interrupting Test

6.12.1 Purpose

Reclosers rated for operation on groundfedable circuits shall be capable of interrupting the charging current of
unloaded lengths of single-phase shielded cable. The purpose of this test is to demonstrate the capability of
interrupting the capacitive switching current rating of the recloser.

6.12.2 Test Conditions

The test circuit for cable charging currents shall be as shown in Fig 3. This circuit will simulate an unloaded shielded
cable with the shield grounded.

Tests on single-phase reclosers shall be made at the phase-to-neutral voltage corresponding to the rated maximum
voltage, as shown in Tables 2, 4 and 6.

6.12.3 Test Procedure

With the source terminals of the recloser energized, the recloser shall be closed. After the closing transient has
subsided, the recloser shall be opened by means of the manual operating handle, or by means of the shunt trip, if the
recloser is so equipped. At least 20 randomly timed close-open operations shall be performed.

6.12.4 Performance

Recloser performance is acceptable if it successfully interrupts the required capacitive currents. The maximum
transient overvoltage produced during the tests shall not exceed 2.5 times the peak line-to-ground voltage.

SOURCE IMPEDANCE SUFFICIENT TO LIMIT
FAULT CURRENT TO SYMMETRICAL
INTERRUPTING RATING OF THE RECLOSER

RECLOSER

ree71

—

RATED
MAXIMUM
VOLTAGE

%L_____

\

]

|

|

|
|||.J._...._.____

—
P )

Figure 3— Circuit for Cable Charging Current Interruption Test
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Figure 4— Magnetizing Current Test Circuits

6.13 Transformer Magnetizing Current Interruption Test

Reclosers shall be capable of interrupting magnetizing currents eq&@P/io(:Bl/z%) of the continuous current rating
of the recloser.

6.13.1 Test Conditions

The test circuit for transformer magnetizing current interruption shall be as shown in Fig 4 (a) or 4 (b). Tests on single-
phase reclosers shall be made at the rated maximum voltage of the recloser.

6.13.2 Test Procedure
With the source terminal of the recloser energized, the recloser shall be closed. After the closing transient has

subsided, the recloser shall be opened by means of the manual operating handle, or by means of the shunt trip, if the
recloser is so equipped. At least 20 randomly timed close-open operations shall be performed.
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6.13.3 Performance

The performance of the recloser is acceptable if it successfully interrupts the required magnetizing current.

6.14 Control Elements Surge Withstand Capability Tests

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

A JAN
XFMR
GAP RECLOSER[ __ GAP e
Q Q| o
1
GROUND —= CONTROL SUPPLY 4 GROUND
CONDUCTOR 6 IN CABLE CONDUCTORS 6 IN CONDUCTOR
CONTROL CONTROL|
(a) (b)

Figure 5— Surge Withstand Test Circuit-Control

6.14.1 Oscillatory Surge Tests

The test wave for this test shall be oscillatory, with a frequency of 1.0 to 1.5 MHz, a crest value of 2.5 to 3.0 kV
occuring in the first half cycle, decaying to 50% of the crest value of the first peak in not lessptharhé source
impedance of the surge generator used to produce the test wave shallbe 150

NOTES:

1 — All voltage and time values refer to the open circuit condition of the surge generator.

2 — Time period and repetition rate have been chosen to cover equipment which is used on 50 Hz as well as 60 Hz systems.

6.14.1.1 Test Procedure

The test wave shall be applied to those control element terminals used to connect the control elements to all instrument
transformers, sources of energy, and any other connected element external to the control cabinet, and shall be applied
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between each pair of terminals and between each terminal and ground. During these tests, the recloser and control
elements shall be connected for normal operation and shall be energized at rated voltage.

6.14.2 Simulated Surge Arrester Operation Test

This test simulates a lightning arrester operation and the resulting voltage changes that appear on the recloser and
control elements due to the rate of current change and the impedance of the ground connection.

6.14.2.1 Test Procedure

A gap connected from one source bushing terminal to the recloser ground lead shall be used to simulate a surge
arrester. See Fig 5 (a). The gap shall be set to flashover at#@%]) of the rated impulse withstand voltage of the
recloser on which the control element is to be applied. The surge voltage shall rise to flashoyes ¢a 112313). The

external surge generator current limiting resistance shall be chosen to provide a surge current following the gap
flashover having a peak value of 700sz¢1()%).8

The recloser ground lead shall be 6 m (20 ft) of AWG No 12 copper wire. The control cable shall be of equal length
and spaced 15 cm (6 in) from and run parallel to the recloser ground lead.

Fifteen positive and fifteen negative surges shall be applied to the source bushing with the recloser open. Fifteen
positive and fifteen negative surges shall be applied to the load bushing with the recloser closed.

The above tests shall also be applied to a properly rated transformer, connected as shown in Fig 5(b). Fifteen positive
and fifteen negative surges shall be applied.

6.14.3 Condition of Control During and After Test

The control shall not close the recloser from an open position during the application of surges. Tripping from a closed
position is permissible on a reclosing switchgear device. Malfunction of the control to cause lockout on one surge is
not permissible.

Following the tests, the recloser and control apparatus shall be capable of performing all normal functions without
impairment.

7. Production Tests

All applicable production tests shall be made by the manufacturer on each recloser, or representative sample, at the
factory after final assembly. Production tests shall include the following:

1) Calibration

2) Control, Secondary Wiring and Accessory Device Test

3) Dielectric Withstand Test; One Minute Dry Low Frequency
4) No Load Operation Test

5) Leak Test; submersible reclosers only

8This value of surge current was selected because it was the maximum available using existing laboititsryHagilever, experience has shown
good correlation between field performance and laboratory test results using this value.
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7.1 Reclosing and Overcurrent Trip Calibration

Reclosers shall be subjected to the following calibration, where applicable, for conformance to published time-current
characteristic curves. Calibration may be performed on the individual control elements sub-assembly prior to final
assembly on the recloser. When the latter is done, the effect of the operating time on the recloser shall be recognized,
and the complete assembly shall be tested to assure that the device will trip the recloser. Sinusoidal wave shape, 60 Hz
current at a convenient voltage shall be used. The calibration may be performed in any order deemed appropriate by the
manufacturer.

1) Minimum tripping current test (see 6.5)
2) Trip settings

3) Time current tests (see 6.10.2.1)

4) Sequencing tests

5) Remote features
6) Special features

7.2 Control, Secondary Wiring and Accessory Devices Check Tests
Control, secondary wiring and accessory devices shall be checked to ensure that all connections have been made

correctly. Devices and relays, if needed, shall be checked by actual operation where feasible. Those circuits for which
operation is not feasible shall be checked for continuity.

7.3 Dielectric Withstand Test; One Minute Dry Low Frequency

The test shall be conducted in accordance with 6.2.1—(2). The duration of the test may be 1 s if a voltage of 20%
above that specified in 6.2.1—(2) is used.

7.4 Mechanical Operations Tests

The mechanical operations tests shall include the following:
1) Inspection of the external parts
2) Manual tripping by the tripping lever

3) Without trouble or malfunction, 25 consecutive operational tests to check performance of a mechanism,
sequencing, and time devices. On shunt trip reclosers, 5 operations shall be at maximum control voltage

7.5 Leak Test

A suitable leak test shall be performed on submersible reclosers to ensure that these will operate under service
conditions as outlined in 3.1(3).

8. Construction Requirements

8.1 Tank Construction; Submersible or Dry Vault Reclosers
8.1.1

The tank and all appurtenances shall be made of corrosion resistant material or provided with an impact and corrosion
resistant finish and should also be suitable for storage in uncovered areas.
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8.1.2
External parts of the tank or accessories shall not trap or hold water.
8.1.3

Tank support rails shall extend entirely across the bottom of the recloser tank to increase protection and to provide a
firm, stable support. The support shall include provision for anchoring the tank.

8.14

Lifting lugs shall be provided and so positioned that the recloser will remain level when being lifted. They shall be
designed and located on the tank to avoid interference between lifting slings and any attachments (bushings, operating
handles, etc), and to avoid scratching or marring the tank finish during handling.

8.1.5

Tank construction shall be such that leaks will not occur and the recloser will remain mechanically operable at the

maximum operating pressure generated by the normal operation of the recloser (for example, temperature rise, load
interrupting and fault closing).

8.2 Grounding Provisions
A recloser with a metal housing shall have provisions for the connection of a ground lead.

The ground connector shall accommodate a ground conductor of a size adequate to conduct the rated interrupting
current of the recloser for a period of 3 s without damage to the conductor or connector.

Pad mounted, dry vault and submersible reclosers shall have an additional grounding connection for each three-phase
set of cable entrances.

8.3 Insulating Medium Quantity Indicators (Submersible Reclosers)
When liquid or gas is used as the insulating medium, provision shall be made for personnel to determine readily the
insulating liquid level or insulating gas pressure with the recloser energized. Indicator markings shall show the safe

operating range of levels or pressures. Procedures or devices which require exposing the insulating medium to the
outside environment shall not be used.

8.4 Oil Sampling Provisions (Submersible Reclosers)

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

8.5 Manual Operating Provision

Reclosers shall be provided with a manual operating lever which is suitable for operation with a hot line stick, or other
suitable manual operating means.

8.5.1 Submersible or Dry Vault Recloser

The operating handle on a submersible recloser shall be located such that one man standing on the surface can operate
it without standing directly over the recloser.
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8.5.2 Pad Mounted Reclosers

Pad mounted reclosers with draw-out provisions shall include an interlock which requires manual tripping of the
recloser before the primary connections can be disengaged.

8.6 Position Indicator

A recloser shall be provided with a position indicator, or other suitable means, which clearly indicates its closed, or
open position and shall be visible from the surface. For pad mounted, dry vault or submersible reclosers viewing of the
position indicator may require opening of the enclosure. If colors are used to indicgtensam closedposition, red

shall signify closed and green signify open, with the words OPEN or CLOSED in contrasting colors.

8.7 Nameplate Markings
The following minimum information shall be given on the nameplate:

1) Manufacturer’s name or trademark

2) Manufacturer’s type or identification number to indicate the design or construction. Changes in operating
characteristics, design, or construction, which affect its application or service, shall be accomplished by a
change in the identification data

3) Rated maximum voltage

4) Rated continuous current

5) Rated minimum tripping current (series trip-coil reclosers only)

6) Rated symmetrical interrupting current

7) Rated impulse withstand voltage

For submersible reclosers, a nameplate of stainless steel or other corrosion resistant material shall be provided. The
nameplate shall be securely attached to the top of the tank by means of stainless steel screws, rivets, or other corrosion

resistant fasteners. All letters, schematics and numbers shall be permanently stamped, embossed or engraved on the
nameplate.

8.8 Stored Energy Mechanism Charge Indicator
When indicators are used on stored energy operating mechanisms, the following colors shall be used:

1) Yellow background with CHARGED in black letters for charged mechanisms
2) White background with DISCHARGED in black letters for discharged mechanisms

8.9 Safety Provisions

Pad mounted reclosers shall conform to the requirements specified for categpripment as defined in ANSI/IEEE
C37.100-1981 [4].

8.10 Separate Mounting of Control Apparatus

Where applied, control apparatus shall be capable of being mounted separately from the recloser in normal service.
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8.11 Counters

An operations counter shall be provided to indicate the total number of operations of the recloser. The counter shall be
visible with the recloser in service.

8.12 Conductor Terminal Sizes

For connection of bare conductors, bushing terminals shall accommodate conductors of a size adequate to conduct the
rated continuous current of the recloser without exceeding the appropriate temperature rise shown in 5.4.2.

For submersible reclosers, bushings shall accommodate cable terminations in accordance with ANSI/IEEE Std 386-
1977 [5].

8.13 Vacuum Interrupters

Where vacuum interrupters are used, they shall be in accordance with ANSI C37.85-1972 [1]. X-radiation generated
shall not exceed the value in Table 1 of that standard.
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