This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

LD

INTERNATIONAL
STANDARD

Edition 1.0 2015-10

colour
inside

High-voltage switchgear and controlgear —

Part 37-013: Alternating-current generator circuit-breakers

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 29.130.10 ISBN 978-2-8322-2871-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

CONTENTS

(0@ ]\ I8 S P 2
O ] T O I 12
1 LT =Y = =Y 14
1.1 0T o7 o 1= 14
1.2 NOIMAtive FEfEIENCES ... i 14
2 Normal and special service conNditioNS.........coiiiiiii 15
21 Normal service CONAItiIONS ..o 15
2.2 Special service CoONditiONS ... 15
3 Terms and definitioNs ..o e 15
3.1 LT =Y =T =Y I (=Y o 0 16
3.2 Assemblies of switchgear and controlgear .............cooiiiiiiiii i 18
3.3 Parts of assemblies ... .o 18
3.4 SWItChING EVICES ..o e e 18
3.5 Parts of generator circuit-breakers...........cooiiiiiiiiiiii 20
3.6 1O 011 =1 o o [ PP 23
3.7 Characteristic QUaNTITIES ......ociii i 25
3.8 Index of definitioNs ... e 40
N - 111 T - PP 44
4.1 Rated vOltage Uy ......cooooviiiiiii 44
4.2 Rated insSulation 1EVel ... s 44
4.2.101 Dielectric strength. ... 45
4.2.102 Rated power frequency withstand voltage Ug.................oooiiii 45
4.2.103 Rated lightning impulse withstand voltage Up coeeeeeniiie 45
4.3 Rated freqUENCY fr ..o 45
4.4 Rated normal current I, and temperature rise........................ccci, 45
4.4.1 Rated normal current Iy ... 45
4.4.2 BICT 0] L= = AU =T =P 46
443 Particular points of Table 3 of IEC 62271-1:2007 ......ccoiiiiiiii e 46
4.4.101 Emergency current ratings during loss of cooling ............ccoociiiiiiiiiiinnnnn, 46
4.5 Rated short-time withstand current [y ... 47
4.6 Rated peak withstand current T e 47
4.7 Rated duration of short circuit #j.............cc.coooooii 47

4.8 Rated supply voltage of closing and opening devices and of auxiliary and
CONLrol CIrCUItS Ug ...ooeviiiiiiiiie e 48
481 LT =Y o= =Y 48
4.8.2 Rated supply voltage Ug ........oooiiiiiiiiiiii 48
4.8.3 1Ko 1= =T Lo = 48
4.8.4 RIPPIE VOGO .. e e 49
4.8.5 Voltage drop and supply interruption ... ... 49
4.9 Rated supply frequency of closing and opening devices and auxiliary circuits....... 49

4.10 Rated pressure of compressed gas supply for controlled pressure

S S OIS L e 49
4.11 Rated filling levels for insulation, interruption and/or operation......................... 49
4.101 Rated short-CirCuit CUITeNt ... ..o e 50
g 0 g O =Y o =Y - | 50

4.101.2 Rated system-source short-circuit breaking current................coocoiiinn. 50


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

4.101.3 Rated generator-source short-circuit breaking current................c.coooiiin. 52
4.101.4 Rated single-phase-to-earth fault breaking current..................o. 54
4.102 Rated peak short-circuit making current IpjG....---ovvevveeeemmmminieiiiiee e 54
4.103 Rated load making and breaking current..............oooiiiiiiiii 54
4.104 Rated out-of-phase making and breaking current ..............cooiiiiiiiiiii i 55
4.105 Rated transient recovery voltage (TRV) related to the breaking currents............... 55
4.105.1 Representation of TRV WaVes ......c.oiviiiiiiiiii e, 55
4.105.2 Rated values of TRV ... 56
4.106 Standard operating SEQUENCE .......iu it 57
g 0 T N =Y o = - | 57
4.106.2 Rated short-circuit current operating sequence ............ccoeeiiiiiiiiiiiiiiinene, 58
4.106.3 Rated load current operating SEQUENCE ........c.ovniiiiiiiiiiii e 58
4.106.4 Rated out-of-phase current operating sequence............coooviiiiiiiiiiiiiiiiiiinn. 58
4.107 Rated time quantities .......c.ooiiii i 58
g 0 g B =Y o = - | 58
4.107.2 Rated break-time ... 58
4.107.3 Rated minimum opening time ... ... 59
4.108 Mechanical operation endurance capability classes M1 and M2............................ 59
5  Design and CONSITUCTION ... i e eae s 59
5.1 Requirements for liquids in generator circuit-breakers...........cccoooeiiiiiiiiininnennn. 59
5.2 Requirements for gases in generator circuit-breakers...........c.ccoccoiiiiiiiiiiiinn. 60
5.3 Earthing of generator circuit-breakers ... 60
5.4 Auxiliary and control eqUIpPMENt ... 60
5.5 Dependent power operation. ... ..o e 61
5.6 Stored energy OPeration . ...t e 61
5.7 Independent manual or power operation (independent unlatched operation)......... 61
5.8 Operation Of releaSES .. ..o 61
5.8.1 Shunt ClOSING FEIEASE .....eeii i e 61
5.8.2 Shunt OPENING rEIEASE ......uitiiiii e 61
5.8.3 Capacitor operation of shunt releases.........ccoooviiiiiiiiiiii e 61
5.8.4 Under-voltage release . ... 61
5.8.101 MUIPIE relEaSES . cuiitiiiii e 61
5.8.102 Operation limits of releases ......c.oiniiiiiiiii e 61
5.8.103 Power consumption of releases ..o 61
5.9 Low- and high-pressure interlocking devices............coooviiiiiiii i 62
5.0 NAMEP At S . e s 62
5.0, 10T A CCES S OIS ittt ettt 64
5.10.102 Modification of generator circuit-breakers .............ccocoviiiiiiiiiiiiicii 64
5.11  INterloCKiNG AEVICES ....iiitii e 64
5.12  PoSition iNdiCation ...... oo 64
5.13 Degrees of protection provided by enclosures..........c.oooiiiiiiiiiii i 64
5.13.1 Protection of persons against access to hazardous parts and protection
of the equipment against ingress of solid foreign objects (IP coding)............. 65
5.13.2 Protection against ingress of water (IP coding) ........ccoooviiiiiiiiiiie 65
5.13.3 Protection of equipment against mechanical impact under normal
service conditions (1K COAING).....uiuiiniiiii e 65
5.14 Creepage distances for outdoor insulators .............cooiiiiiiiiii e 65
5.15 Gas and vacuum HghtNeSS . ... 65

5.16  Liquid tightness . oo e 65


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

5.17  Fire hazard (flammability) ... 65
5.18 Electromagnetic compatibility (EMC)...... ..o, 65
B5.19  XorAY BIMISSION et 65
S22 0 B O oY o o 13 Lo o [ 65
5.101 Requirements for simultaneity of poles during single closing and single
(oY oX=T aT[ Yo o] o 1=T =1 410 o 1= 00U 65
5.102 General requirement for operation .............ccoiiiiiiiiii i 66
5.103 Pressure limits of fluids for operation ... 66
5.104  Vent OULIets ..o e 66
5.105 Warning labels .. ... 66
5106  INSTIUCTIONS oot 66
B TYPE 1SS Lot s 67
6.1 LT T - PP 68
6.1.1 Grouping Of tESES ...iu i 68
6.1.2 Information for identification of specimens ... 68
6.1.3 Information to be included in type-test reports ... 68
6.2 [T Lo LYo A ol (=] £ 68
6.2.1 Ambient air conditions during tests ... 68
6.2.2 Wet test ProCeAUIe. ... 69
6.2.3 Condition of the generator circuit-breaker during dielectric tests.................... 69
6.2.4 Criteria to pass the test . ... 69
6.2.5 Application of test voltage and test conditions..............oociiiiiiii 69
6.2.6 Tests of generator circuit-breakers of Uy <245 KV ..., 69
6.2.7 Tests of generator circuit-breakers of Uy > 245 KkV ..., 70
6.2.8 Artificial pollution tests for outdoor insulators.................o 70
6.2.9 Partial discharge tests. .. ... 70
6.2.10 Dielectric tests on auxiliary and control circuits ..............coooiiiiiiiiinn, 70
6.2.11 Voltage test as a condition check ... 70
6.3 Radio interference voltage (r.i.v.) tests ... 70
6.4 Measurement of the resistance of CirCuits ... 71
6.4.1 = 1 o 1o 71
6.4.2 AUXIIArY CirCUITS ... 71
6.5 Temperature-rise teStS ... 71
6.5.1 Conditions of the generator circuit-breaker to be tested .....................coni. 71
6.5.2 Arrangement of the equipment ... 71
6.5.3 Measurement of the temperature and the temperature rise............................ 73
6.5.4 Ambient air temperature ... 73
6.5.5 Temperature-rise tests of the auxiliary and control equipment....................... 73
6.5.6 Interpretation of the temperature-rise tests .............coooiiiiiiiii 74
6.5.101 Demonstrations of emergency conditions...........cooiviiiiiiiiiii 74
6.6 Short-time withstand current and peak withstand current tests ............................ 74
6.6.1 Arrangement of the generator circuit-breaker and of the test circuit............... 74
6.6.2 Test current and duration ... 74
6.6.3 Behaviour of generator circuit-breaker during test..............cocoiiiiii 74
6.6.4 Conditions of generator circuit-breaker after test...............ocooiii 74
6.7 Verification of the degree of protection ... 75
6.7.1 Verification of the 1P coding.........coiuiiiiiiii e, 75
6.7.2 Verification of the 1K coding.........o.oiuiiiiii e, 75
6.8 TGN S S 1S S . e e 75


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

6.9 Electromagnetic compatibility (EMC) tests ..., 75
6.10 Additional tests on auxiliary and control Circuits ..............coooiiiiiiii i 75
6.10.1 =Y a1 - 75
6.10.2 Functional tests ... e 75
6.10.3 Electrical continuity of earthed metallic parts test.............ccoooiiiiiiinnn. 75
6.10.4 Verification of the operational characteristics of auxiliary contacts................. 75
6.10.5 Environmental teStS oo 75
6.10.6 DieleCtriC teSES e e 76
6.11  X-radiation test procedure for vacuum interrupters..........cocooiiiiiiiini 76
6.101 Mechanical and environmental testS ........ccoiiiiiiiiii 76
6.101.1  Miscellaneous provisions for mechanical and environmental tests ................. 76
6.101.2 Mechanical operation test at ambient air temperature ........................ 79
6.101.3 Low and high temperature tests...........ooiiiii 81
6.101.4  SoUNd IVl 1ESTS oninii e 85
6.102 Miscellaneous provisions for making and breaking tests...............coocoviiiiiiiiiiinn, 85
B.102.1  GeNEIAl e e 85
6.102.2 Number of teSt SPECIMENS .. ..ot 86
6.102.3 Arrangement of generator circuit-breaker for tests ... 86
6.102.4 General considerations concerning testing methods.................cooi 88
6.102.5  SynthetiC 1SS oo 94
6.102.6 No-load operations before tests.........cooiiiiii i 94
6.102.7 Alternative operating mechanisms .............cooiiiiiiiiii e 94
6.102.8 Behaviour of generator circuit-breaker during tests ...........cc.coiiiii 95
6.102.9 Condition of generator circuit-breaker after tests............cooviiiiii . 96
6.102.10 Demonstration of the most severe switching conditions........................onil. 98
6.102.11 Methods of determining prospective transient recovery voltage waves......... 115
6.103 System-source short-circuit making and breaking tests ............cccooiiiiiii 115
6.103.1 Power factor of test Circuit....... ... 115
6.103.2 Frequency of test CirCUIt........ccoiiiii e 115
6.103.3 Earthing of test CirCUIt .....ooeii i 115
6.103.4 Connection of test circuit to generator circuit-breaker..................c..cooin. 117
6.103.5 Applied voltage for system-source short-circuit making tests....................... 117
6.103.6 System-source short-circuit making current ... 117
6.103.7 System-source short-circuit breaking current ...............ocooiiiii 117
6.103.8 Transient recovery voltage (TRV) for system-source short-circuit
Breaking 1SS (. 118
6.103.9 Measurement of transient recovery voltage during test................coo, 119
6.103.10 Power frequency recovery VOltage .........cooviiiiiiiiii e 119
6.103.11 System-source short-circuit test operating sequence................cc.cocioiiieni. 119
6.103.12 System-source short-circuit test-duties .............cooooiiiii 119
6.104 Load current breaking tests .. ..o 121
B.104.1  GENEIAl ot 121
6.104.2 Conditions of teSt SEVEritY ..oooiiriii 122
6.104.3 Number Of 1eStS <o 122
6.105 Generator-source short-circuit current making and breaking tests....................... 122
6.105.1 Power factor of test Circuit....... ... 122
6.105.2 Frequency of test CIrCUit ... ..o 122
6.105.3 Earthing of test CirCUIt ......ooiiii e 123

6.105.4 Connection of the test circuit to the generator circuit-breaker...................... 123


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

6.105.5 Applied voltage for generator-source short-circuit making tests................... 123
6.105.6 Generator-source short-circuit making current ..., 124
6.105.7 Generator-source short-circuit breaking current .............co.ccooiiii, 124
6.105.8 Transient recovery voltage (TRV) for generator-source short-circuit

breaking tests ... 125
6.105.9 Measurement of transient recovery voltage during test...................cooieni. 125
6.105.10 Power frequency recovery VOltage .........cooviiiiiiii i 125
6.105.11 Generator-source short-circuit test operating sequence ..............ccocceveennen. 125
6.105.12 Generator-source short-circuit breaking test-duties...............cc.coiiiiin. 125
6.106 Out-of-phase making and breaking tests.........ccocoiiiiiiii 131
B.106.1T  GENEIAI ..ot 131
6.106.2 Out-of-phase current switching capability.............coooiiii, 132
6.106.3 Conditions of test Severity ..o 132
6.106.4 TSt CIrCUIt. ...t e 134
6.106.5 Applied voltage before out-of-phase making tests..........cccooviiiiiiiiinnn. 136
6.106.6 Transient recovery voltage (TRV) for out-of-phase breaking tests................ 136

6.106.7 Demonstration of the most severe switching conditions during test-duty
L g PP 136

6.106.8 Demonstration of the most severe switching conditions during test-duty
P e 136
T ROULINE 1SS o e 136
71 Dielectric test on the main CirCuit ..o 137
7.2 Tests on auxiliary and control CirCUItS ....... ..o 137

7.2.1 Inspection of auxiliary and control circuits, and verification of conformity
to the circuit diagrams and wiring diagrams ..........ccoooiiiiiiiii i 137
7.2.2 Functional teStS ..o 137
7.2.3 Verification of protection against electrical ShocK............cooooiiiiiii. 137
7.2.4 DielECtiC 1ESES e 137
7.3 Measurement of the resistance of the main circuit................ocooiii 138
7.4 TIghtNESS 1St e 138
7.4.1 Controlled pressure systems for gas.........oooiiiiiiiiiicc e, 138
7.4.2 Closed pressure systems for gas........ccoviiiiiiiiiii e 138
7.4.3 Sealed Pressure SYStemMS ..o i 138
7.4.4 Liquid tightness testS ..o i 138
7.5 Design and visual ChECKS .. ..o 139
7.101 Mechanical operating teStS . ... 139
8 Guide to the selection of generator circuit-breakers ... 140
T O B C T =Y o =Y = | P 140
8.102 General application CONAitiONS ... ..ot 141
8.102.1  Normal service conditioNS ... ..o 141
8.102.2 Special service conditionS ..o 141
8.103 Application consideration ...........cooiiiiiiiii 143
01 e I €= o =Y ¥ P 143
8.103.2 Rated VOIAGE . .eeieiiii e 143
8.103.3 Rated insulation level ... ... 143
8.103.4 Rated frEQUENCY .. .. it 144
8.103.5 Rated normal CUIreNnt . ... 144
8.103.6  Short-circuit current rating..........coooiiii 144
8.103.7 TRV rating for system-source and generator-source short-circuits................ 159

8.103.8 Rated load making and breaking current............coooiiiiiiii 165


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

8.103.9 Rated out-of-phase making and breaking current..............ccooiiiiiiinn. 169
8.103.10 Excitation switching current....... ..o 170
8.103.11 Capacitive switChing CUMreNt.........oiiii e 171
9 Information to be given with enquiries, tenders and orders..............cooiiiiii . 171
10 Rules for transport, storage, installation, operation and maintenance.......................... 173
10.1 Conditions during transport, storage and installation.......................c.co 173
10.2  Installation ... 174
10.2.1 Unpacking and lifting........ccooiiiiii 174
10.2.2 A S S By e e 174
10.2.3 Yo XU o (] 0o PP 174
10.2.4 1070 o1 1= o 1o o 1= 174
10.2.5 Final installation inspection ........ ... 174
10.2.6 Basic inputdata by the User ... 175
10.2.7 Basic input data by the manufacturer.............cooi 175
10.2.101 CommIisSSIONING tESES ...iuii i 175
10.2.102 Commissioning checks and test programme ...........cccocoiiiiiiiiiiiiiieen 176
T0.3 O POraAlION e e 179
T0.4  MaiNTENANCE ..ot e 180
10.4.1 GBNEIAl e e 180
10.4.2 Recommendations for the manufacturer..............ooooiiiiiiii i, 180
10.4.3 Recommendations for the USer...........oouiiiiiiiiiiiii e 181
10.4.4 = T LU= =Y oo ] PP 181
R TS - =Y 183
11.1  Precautions by manufaCturers ... 183
T1.2  Precaulions DY USBIS ... e 183
11.3  EleCtriCal @sSPeCtS .. .o 184
11.4  MeChaniCal @SPECTS .. ... 184
T1.5  Thermal @SPeCtS .o 185
T1.6  OpPeration @sSPeCES ..o 185
12 Influence of the product on the environment..............cooo 185
Annex A (normative) Tolerances on test quantities during type tests ...............oooiiiiiil 186
Annex B (normative) Records and reports of type tests according to 6.6, 6.103, 6.104,
B.105 @Nd B.1068 ...ueititiiiii e 190
B.1 Information and results to be recorded...........ooi 190
B.2 Information to be included in type test reports..........coiiiiiiiiii i 190
B.2.1 GBNETAl e e 190
B.2.2 Apparatus tested. .. ... 190
B.2.3 Rated characteristics of generator circuit-breaker, including its
operating devices and auxiliary equipment.............cocoooiiiii 190
B.2.4 Test conditions (for each series of tests) ....ooviiiiiii 191
B.2.5 Short-circuit making and breaking tests .........coooiiiiiii 191
B.2.6 Short-time withstand current test ... 192
B.2.7 NO-l0oad OPEeration ..o 192
B.2.8 Out-of-phase making and breaking tests...........cocooiiiiiiiiici e, 192
B.2.9 Load current switching tests ... ... 193
B.2.10 Oscillographic and other records .........coooiiiiiiiii e, 193
N a1 = (N PP 194

Annex D (normative) Use of mechanical characteristics and related requirements ............. 195


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

Annex E (informative) Example of the application of a generator circuit-breaker................ 196
E.1 =Y =Y o= | PP 196
E.2 System characterisStiCs ... ..o 196
E.3 System-source short-circuit current ... 198

E.3.1 AC component of the system-source short-circuit breaking current ......... 198
E.3.2 System-source asymmetrical short-circuit breaking current..................... 199
E.4 Generator-source short-circuit current...........cooooiiii 201
E.4.1 AC component of the generator-source short-circuit breaking current ..... 201
E.4.2 Generator-source asymmetrical short-circuit breaking current................. 202
E.5 Transient recovery VOItage ... 204
E.6 Out-of-phase coONditioNS ... ..o 204
E.7 Normal current application ... 207
E.8 Generator circuit-breaker electrical characteristics .........ccooeviiiiiiinn . 208

Annex F (informative) For generator circuit-breakers connected to the step-up
transformer by shielded cables - An example of the effects of added capacitance

on TRV requirements for a system-source fault ................oocoiii i, 210

Annex G (informative) Symbols and related terminology ..........coooiiiiiiiiiiii i, 213

G.A1 Comparison of IEEE and IEC electrical terms and symbols ................coooiiiiene, 213

G.2 Comparison between TRV terminology and symbols ..., 214
Annex H (informative) Determination of the degree of asymmetry for generator-source

short-circuit breaking testS ... 216

Annex | (informative) Faults in case of three-winding step-up transformer......................... 218
BB OGraP Y e e 221
Figure 1 — Typical oscillogram of a three-phase short-circuit make-break cycle .................... 35
Figure 2 — Generator circuit-breaker without resistors — Opening operation.......................... 36
Figure 3 — Generator circuit-breaker without resistors — Close-open cycle............cccceeeiennie. 36
Figure 4 — Generator circuit-breaker with opening resistors — Opening operation.................. 37
Figure 5 — Generator circuit-breaker with opening resistors — Close-open cycle.................... 37
Figure 6 — Example of a three-phase asymmetrical current..............oiii 38
Figure 7 — Examples of possible valid interruptions in a phase with intermediate level
of asymmetry after a major loop and a corresponding time ¢4 .......................... 39
Figure 8 — Examples of possible valid interruptions in a phase with intermediate level
of asymmetry after a minor loop and a corresponding time #9............ccccooooiii, 40
Figure 9 — Effect of various cooling failures and subsequent load reductions on
generator circuit-breaker temperature ....... ..o 47
Figure 10 — Typical asymmetrical system-source short-circuit current ......................coenls 51
Figure 11 — Degree of asymmetry as a function of time after fault initiation...................... 52
Figure 12 — Typical asymmetrical generator-source short-circuit current with a strong
decrement of the a.C. COMPONENT .. ... i e 53
Figure 13 — 2-parameter representation of prospective TRV waveform for
interrupting three-phase symmetrical faults ... 56
Figure 14 — Typical temperature rise test setup for single-phase-enclosed generator
CIrCUIt-Dreakers (10D VIBW) ... it 73
Figure 15 — Test sequences for low and high temperature tests............coooiiiiiii, 85

Figure 16 — Reference mechanical travel characteristics (idealised curve) ............cc.ccoevenni. 89


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

Figure 17 — Reference mechanical travel characteristics (idealised curve) with the
prescribed envelopes centered over the reference curve (+5 %, -5 %), contact
separation in this example at time 1 = 20 MS ... 90

Figure 18 — Reference mechanical travel characteristics (idealised curve) with the
prescribed envelopes fully displaced upward from the reference curve (+10 %, —0 %),
contact separation in this example attime 1 = 20 MS ... 90

Figure 19 — Reference mechanical travel characteristics (idealised curve) with the
prescribed envelopes fully displaced downward from the reference curve (+0 %, —

10 %), contact separation in this example attime 1 =20 Ms ..o 91
Figure 20 — Equivalent testing set-up for unit testing of generator circuit-breakers with

more than one separate interrupter Units .........oooiiiii i 92
Figure 21 — Two valid three-phase symmetrical breaking operations ..............c..coooiiiint. 100
Figure 22 — Three-phase asymmetrical breaking operations — Minimum arcing time

with intermediate asymmetry after major 100p (f5rc min 1) -rrrrreeerrrrmmmmmmireeeeennn 102
Figure 23 — Three-phase asymmetrical breaking operations — Maximum arcing time for

the first-pole-to-clear after major 100P (fgrc max 1) «+--ooeeerrrrrrrrmmmmeeeee e 103
Figure 24 — Three-phase asymmetrical breaking operations — Minimum arcing time

with intermediate asymmetry after minor 100P (f3pc min 2)-----rrererrrrrmmemrmminneeineeeee, 104
Figure 25 — Three-phase asymmetrical breaking operations — Maximum arcing time for

the last-pole-to-clear after extended major 100p (fgrc max 2) - ooeeerrrrrrmmmmmiinnieeeeeeii. 105
Figure 26 — Single-phase asymmetrical breaking operations — Minimum arcing time

with intermediate asymmetry after major 100p (fgrc min 1) rrrreeeeeerrrmmmmmmmeeeeeeenn. 107
Figure 27 — Single-phase asymmetrical breaking operations — Maximum arcing time

for the first-pole-to-clear after major 100p (fgrc max 1) ----ereerrrrrrrmeeeemmemrri e 108
Figure 28 — Single-phase asymmetrical breaking operations — Minimum arcing time

with intermediate asymmetry after minor 100p (f5rc min 2)----rerrerrrrrrrrmmemrmmiieeieeeeeee, 109
Figure 29 — Single-phase asymmetrical breaking operations — Maximum arcing time

for the last-pole-to-clear extended major 00P (f3rc max 2)----r - reeeeerrrrmmmmmmiiinieeeeeeennnn 110
Figure 30 — Earthing of test circuits for three-phase short-circuit tests, first-pole-to-

Lo 1= T = T (o e 1 T PP 116
Figure 31 — Earthing of test circuits for single-phase short-circuit tests, first-pole-to-

(o LY== Yo (o i R T 116
Figure 32 — Example of a valid prospective test current for test-duty 5............................. 126
Figure 33 — Example of a valid test for test-duty 5.......ccocoiiiiiii 126
Figure 34 — Example of an invalid test for test-duty 5. 127
Figure 35 — Second example of a valid test for test-duty 5 ... 127
Figure 36 — Example of a valid prospective test current for test-duties 6A and 6B .............. 128
Figure 37 — Example of a valid test for test-duties 6Aand 6B ................coooiiiiiiiiiinnnns 128
Figure 38 — Example of a valid test for test-duties 6A and 6B ..., 129
Figure 39 — Test circuit for single-phase out-of-phase tests ...........coooviiiiiii, 135
Figure 40 — Test circuit for out-of-phase tests using two voltages separated by 120

ElECINICAl HEGIEES ..o e e 135
Figure 41 — Test circuit for out-of-phase tests with one terminal of the generator circuit-
breaker earthed (subject to agreement of the manufacturer) .................coooin, 135
Figure 42 — General circuit diagram of a power station ... 145
Figure 43 — Generator-source short-circuit current............coooiiii 147

Figure 44 — Generator-source short-circuit current in case of generator delivering
power with lagging or leading power factor prior to fault initiation .................................. 148

Figure 45 — Short-circuit current for generator-source fault.....................coo, 149


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

Figure 46 — Short-circuit current with circuit-breaker arc voltage after contact

E=Y=Y o 1= =14 Lo o 1 PP 150
Figure 47 — Single-line diagram of a power station with two generators connected

to the high-voltage system by means of a three-winding step-up transformer................ 159
Figure 48 — Single-line diagram of unit generator system............c..cooii, 161
Figure 49 — Single-line diagram of half-sized transformer unit system ............................ 161
Figure 50 — Single-line diagram of system with half-sized generators............................. 162
Figure 51 — Single-line diagram of power system ...........ccoiiiiiiiiiii i 166
Figure 52 — Equivalent circuit of power system............coiiiiiiii 166
Figure 53 — Voltage diagram for lagging power factor load.............ccocooiiiiiiiiiiiiin, 167
Figure 54 — Voltage diagram for unity power factor load..............cooiiiiiiiiiii i, 167
Figure 55 — Recovery voltage across the generator circuit-breaker ......................... 167
Figure 56 — TRV curve for the first-pole-to-clear.............cooiii i, 168
Figure E.1 — Single-line station diagram ... 196

Figure E.2 — Asymmetrical generator-source short-circuit current with no arc at the
FAUIE TOCALION L. e 203

Figure E.3 — Asymmetrical generator-source short-circuit current with arc at the fault
oY o> 1 o o 1 204

Figure E.4 — Schematic diagram of power station (single-line diagram as in Figure
B ) e 205

Figure E.5 — Prospective fault current considering the moment of inertia of the
synchronous machine and resulting from synchronizing under out-of-phase conditions

(out-of-phase angle pg = 90°, fault initiation at Up = 0)............cocooooiiii 207
Figure E.6 — Generator circuit-breaker temperature and load current with loss of

o0 o' F= T o1 208
Figure F.1 — TRV rate-of-rise for system-source faults: transformers rated from 65,5

MVA T0 100 MV A o e e et e e e e e e e e e e e e e enns 211
Figure F.2 — TRV peak (ug) multipliers for system-source faults: transformers rated

from 65,5 MVA 10 100 MV A L. oot e e e e e ees 211
Figure F.3 — TRV rate-of-rise for system-source faults: transformers rated from 10

MV A 10 50 MV A L e ettt 212
Figure F.4 — TRV peak (ug) multipliers for system-source faults: transformers rated

from 10 MVA 10 50 MV A o e e e 212
Figure G.1 — 2-parameter TRV envelope representation of 1-cosine TRV when

interrupting three-phase symmetrical fault currents...........cooooi i, 215

Figure H.1 — Prospective generator-source short-circuit current (fault initiation at
o] 2= Vo T304 o ) PP 217

Figure 1.1 — Single-line diagram of a power station with two generators connected
to the high-voltage system by means of a three-winding step-up transformer ................ 218

Figure 1.2 — Prospective system-source short-circuit current to be interrupted by

Generator circuit-breaker #1 in case of three-phase earthed fault occurring at location

F in Figure 1.1 (only the current in the phase with the highest degree of asymmetry is

shown — fault initiation at voltage = 0) ... 219

Figure 1.3 — Prospective fault current fed by Generator 2 to be interrupted by

Generator circuit-breaker 2 in case of three-phase earthed fault occurring at location F

in Figure 1.1 (only the current in the phase with the highest degree of asymmetry is

shown — fault initiation at voltage = 0) ... 220


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

Table 1 — Rated insulation levels for a.c. generator circuit-breakers.....................cc. 45
Table 2 — Preferred values of supply voltages and their ranges for closing and

opening devices and of auxiliary and control circuits of generator circuit-breakers.............. 49
Table 3 — TRV parameters for system-source faultS...........cocooiiiiiii e, 56
Table 4 — TRV parameters for generator-source faults............... . 57
Table 5 — TRV parameters for load current switching..........c.cooiiiii 57
Table 6 — TRV parameters for out-of-phase current switching ..................cocoi, 57
Table 7 — Nameplate information....... ... e 62
TablE 8 — TP 1SS it e 68
Table 9 — Conditions during temperature rise test........ccooiiiiiiiiii e 72
Table 10 — Number of operating SEQUENCES.........ouiiiiiiii e 80
Table 11 — Operations to be performed before and after the test programme........................ 80
Table 12 — Test parameters for 50 Hz asymmetrical system-source fault test-duties for

the first-pole-t0-Clear .. ..o e e 111
Table 13 — Test parameters for 60 Hz asymmetrical system-source fault test-duties for

the firSt-POlE-10-ClEaAr .. ..o e e 112
Table 14 — Test parameters for 50 Hz asymmetrical system-source fault test-duties for

the 1aSt-POlE-10-ClEar. ... e e 113
Table 15 — Test parameters for 60 Hz asymmetrical system-source fault test-duties for

the 1ast-POle-t0-Clear. .. .. e e 114
Table 16 — Test duties to demonstrate the system-source short-circuit making and

breaking current capability for three-phase tests.........coooiiiiiii 120
Table 17 — Test duties to demonstrate the system-source short-circuit making and

breaking current capability for single-phase tests ... 121
Table 18 — Test duties to demonstrate the generator-source short-circuit making and
breaking current capability for three-phase tests.........cooiiiiiiiii i, 130
Table 19 — Test duties to demonstrate the generator-source short-circuit making and
breaking current capability for single-phase tests ..........cooiiiiiii 131
Table 20 — Test duties to demonstrate the out-of-phase current switching capability for
ErEE-PNaSE 1SS e e 133
Table 21 — Test duties to demonstrate the out-of-phase current switching capability for
SINGlE-PhasSE 1ES S . . 134
Table A.1 — Tolerances on test quantities for type tests..........c.oooiiiiiiiii 187
Table E.1 — System characteristiCs ..... ..o 197
Table G.1 — Comparison of IEEE and IEC electrical terms and symbols ......................c. 213

Table G.2 — A comparison between the TRV terminology and symbols used in
IEC 62271-100 with those used in older IEEE/ANSI standards...........cc.ccooiiiiiiiiininnenn. 215

Table I.1 — A comparison between prospective system-source short-circuit currents to
be interrupted by Generator circuit-breaker 1 in case of three-phase earthed fault
occurring at location F in Figure L1 . e 219


http://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=IEC%2FIEEE%2062271-37-013%20Ed.%201.0%20en:2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015&source=preview
https://webstore.ansi.org/Standards/IEC/IECIEEE6227137013Eden2015?source=preview

This is a preview of "IEC/IEEE 62271-37-01...". Click here to purchase the full version from the ANSI store.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 37-013: Alternating-current generator circuit-breakers

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily
members of IEEE and serve without compensation. While IEEE administers the process and establishes rules
to promote fairness in the consensus development process, IEEE does not independently evaluate, test, or
verify the accuracy of any of the information contained in its standards. Use of IEEE Standards documents is
wholly voluntary. I[EEE documents are made available for use subject to important notices and legal disclaimers
(see http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the
terms of that agreement.

2) The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
National Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) 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.

8) 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.

9) 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
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard IEC/IEEE 62271-37-013 has been prepared by a joint working group
comprised of members both from IEC 17A/WG 52 representing subcommittee 17A: High-
voltage switchgear and controlgear, of IEC technical committee 17: Switchgear and
controlgear, in cooperation with IEEE WG P62271-37-0131 representing the Switchgear
Committee of the Power and Energy Society of the IEEE, under the IEC/IEEE Dual Logo
Agreement.

This publication is published as an IEC/IEEE Dual Logo standard.

The text of this standard is based on the following documents:

FDIS Report on voting
17A/1074/FDIS 17A/1101/RVD

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

International standards are drafted in accordance with the rules given in the ISO/IEC
Directives, Part 2.

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

This standard shall be read in conjunction with IEC 62271-1: 2007, to which it refers and which
is applicable unless otherwise specified in this standard. In order to simplify and clarify the
structure of this document, the numbering of clauses and subclauses used here is the same
as in [EC 62271-1. Amendments to these clauses and subclauses are given under the same
numbering, while additional subclauses are numbered from 101.

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 website
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 publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

1 Alist of IEEE participants can be found at the following address:
http://standards.ieee.org/downloads/62271/62271-37-013-2015/62271-37-013-2015_wg-participants.pdf.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 37-013: Alternating-current generator circuit-breakers

1 General

1.1 Scope

This part of IEC 62271 is applicable to three-phase a.c. high-voltage generator circuit-
breakers, hereafter called generator circuit-breaker, designed for indoor or outdoor installation
and for operation at frequencies of 50 Hz and 60 Hz on systems having voltages above 1 kV
and up to 38 kV.

It is applicable to generator circuit-breakers that are installed between the generator and the
transformer terminals. Requirements relative to generator circuit-breakers intended for use
with generators and transformers rated 10 MVA or more are covered specifically. Generator
circuits rated less than 10 MVA and pumped storage installations are considered special
applications, and their requirements are not completely covered by this standard.

This standard is also applicable to the operating mechanisms of generator circuit-breakers
and to their auxiliary equipment.

1.2 Normative references

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

IEC 60050-441:1984, International Electrotechnical Vocabulary — Chapter 441: Switchgear,
controlgear and fuses

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60296:2012, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60480:2004, Guidelines for the checking and treatment of sulphur hexafluoride (SFg)
taken from electrical equipment and specification for its re-use

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 61180-1, High-voltage test techniques for low voltage equipment — Part 1: Definitions,
test and procedure requirements

IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment
against external mechanical impacts (IK code)

IEC 62271-1:2007, High-voltage switchgear and controlgear — Part 1: Common specifications
IEC 62271-1:2007/AMD1:2011
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IEC IEEE 62271-37-082:2012, High-voltage switchgear and controlgear — Part 37-082:
Standard practice for the measurement of sound pressure levels on alternating current circuit-
breakers

IEC 62271-100:2008, High-voltage switchgear and controlgear — Part 100: Alternating current
circuit-breakers
IEC 62271-100:2008/AMD1:2012

IEC 62271-101:2012, High-voltage switchgear and controlgear — Part 101: Synthetic testing

IEC TR 62271-306:2012, High-voltage switchgear and controlgear — Part 306: Guide to
IEC 62271-100, IEC 62271-1 and other IEC standards related to alternating current circuit-
breakers

IEEE Std C37.011™-2011, IEEE Guide for the Application of Transient Recovery Voltage for
AC High-Voltage Circuit Breakers (ANSI)2

IEEE Std C37.23™-2003 (Reaff 2008), IEEE Standard for Metal-Enclosed Bus (ANSI)

IEEE Std C37.59™-2007, |EEE Standard Requirements for Conversion of Power Switchgear
Equipment

2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and
Electronics Engineers, Inc.
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