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Abstract: Guidance for the application of ac high-voltage circuit breakers for shunt reactor
switching is provided. Overvoltage generation for the three cases of shunt reactors being directly
grounded, ungrounded, or grounded through a neutral reactor is addressed in terms of derivation
and limitation methods. Circuit breaker specification for the purpose and the use of laboratory test
results to predict field performance is also covered by this guide.
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Introduction

| This introduction is not part of IEEE Std C37.015-2017, IEEE Guide for the Application of Shunt Reactor Switching.

The following major changes were made to this guide compared to the 2009 version:

—  Clause 4 (limitation of overvoltages) has been compiled into a table (Table 1).

— A general derivation of the equations associated with shunt reactor switching is given in Annex A
(formerly Annex C). Other annexes have been renumbered accordingly.

— Figures have been added to Annex D (oscillation modes) to illustrate the components that take part
in the different oscillations.

— The calculation example given in Annex E to estimate the overvoltage levels based on laboratory
test results has been updated.

— Annex H (Overvoltage limitation by means of gapped surge arresters) was removed.

—  The list with “other informative documents” in Annex I (now Annex H) was removed.

8
Copyright © 2018 IEEE. All rights reserved.



Contents

LLOVEIVIEW ..ttt ettt sttt ettt et ettt s bt bt e ae et e b s bt e bt e bt e et et e bt sb e eb e e st et e st e e bt ebeeut et et enbesbeeaeeneen 11
L 170 o1 USSP 11
LL2 PUIPOSE ..ttt ettt ettt e e e e s bt e ettt e bt e bt e e s bt e e bt e e s abeesab e e sabeesabe e e bt e e baeenaaeeas 11

2.General application CONAITIONS ......c..ietieierieit ettt ettt ettt e st e st et et e bt eteenteeneeeneeeneeeneenseenneas 11
2.1 Maximum voltage for appliCatioN. ..........coouieiiiriiiiiie ettt 11
2.2 FIEQUEIICY ..nvtentteniietiett ettt ettt ettt ettt e h e et e s b e bt e bt e bt et e e et eat e ea bt es e e ea b e e btesbeesbeesbeenbe e beenbeenbeenbeenees 12
2.3 Shunt 18aCtOr 108d CUITENL.........coiiiiiiiiiiieiee ettt ettt b et be et e e e tesbesaeeneenean 12
2.4 TNLETTUPLING TINIC .eevveeuvieerieetieereeeteetesteesteesteesteesteesseesseessesssessaesssesseesseessaessaessessseesseessesssesssenssenseessenses 12
2.5 TranSient OVETVOILAZES ... .ccvvecviereeieiieiieeterteesteeteeteebeebessteseseessesseessaesseeseesseesseesseesseessenssesseesseesses 12
2.6 Fault interrupting CapabIlity ..........coecieeierieiieniereerte ettt ettt see s ee st sae e seesseenteensesnsesnnesnnesnnenns 12
2.7 FIeqUENCY Of OP@IALION .....viiuiieiiieeieeeieeiieeieeite sttt et ettt eteeteeabesbessaesnaesseesseesseenseensaeseenseenseenseenns 12

3.Shunt reactor SWitChing CONAItIONS. ........cecviriueiiiieieeieeiesiest et et et e e ae et e eseeenteesaeseaessaesseesseesseenseenseens 12
I € <3 1<) 1 USSR 12
3.2 Directly grounded FEACTOLS ........eecueriiriieiieeiieeieste ettt ettt st ettt et et et ete e e e ee e e e eneeeneesseenneas 13
3.3 UNGIrOUNAEA TEACLOTS. ... .eueeeeieiieitieeiiestte it e st et et et et seesmeesaeeeseesse e st e st e be e seenseeneeenseenseenseeneesneeeneas 19
3.4 Reactors grounded through a neutral reaCtor ...........ceiiiiiiiriiie e 23

4. Limitation Of OVEIVOITAZES. .. ..eeuiiiiiiit ettt ettt a et b et be et e et e beeeeeneeneenes 26

5.Circuit breaker specification and SEIECHON..........c.cviiriieriiiiiieiiere ettt e ees 28
ST GENETAL ..ttt bttt h et b e bt bt a ettt b e e bt eh e et bbbt ne et nee 28
5.2 Circuit breaker SPeCIfICAtION.........ciieriieriieiieiieie ettt sttt et et e e e ebeeaeesaesssessseessessaesseesneas 28
5.3 Circuit breaker SEIECHION .....cuivuiitiitiiiieiietet ettt sttt ettt sb e sttt et bbb eaeeeens 28
5.4 Dielectric Withstand Capability ..........cccvevieriieiiieiieieee ettt et ssaessaesnees 30
5.5 INterrupting CUITENE TATINE. .......eeetieeieieeieeteete et eteeeeeeseesseesseesseesseenseenseenseesseassesssessnessnesseesseanseensenns 30
5.6 SHUNT TEACLOT TALINE ....vveeevieiieeiieiiieeiesite st et et eteeteeteeaesseesseesseesseenseesaenseesseenseenseenseenseenseensessnesnnes 30
5.7 SHUNT TEACLOT CUITENL.....eetietieteeit ettt ettt e et ce st e e st este et e bt eneeeteeteemeeeneeeneeeseeeneasseenseenneenes 30
5.8 Load side Circuit CharaCteriStiCS. ... c..ueruieriieiieieeie ettt ettt ettt ettt ettt et e eneeeneeenees 30
5.9 OVervoltage HMItAtIONS .........cceeiiiiieiiei ettt ettt et et e e e e te e et et e et e enteeneeeneeeneas 30
5.10 Grounding ArTANZEIMENL .........coueiteeuieuieteeteeeeteeteeerteeteeteeseeseeneeaaesseeseeneenseaseasesseaseeneasesseeseeneansensens 31
S5.11 INtEITUPLING TIINIE ..envieutieiiieiieiite ittt ettt ettt ettt st eb e sb e sb e e bt e be e bt e bt e et enteenteenteensesneesaees 31
5.12 Mechanical @NAUIAINCE .........ooeruiruieieieriieteet ettt ettt b e sttt ettt ebesae e st et et seeebeeseenneneens 31
5.13 Additional INfOrMALION ....c..eeueiuieieriirieiteet ettt ettt et ettt ebe et et ne e 31

Annex A (informative) General derivation of suppression peak and reignition overvoltages for shunt reactor

SWILCHIIIE ...ttt ettt ettt e et e e st et e et e e se e seenseenseenseessessaessaesseesseesseanseenseenseansennsesnsesnneeneenns 32
AT GOINETAL ..ottt ettt b e h e bttt h e bt bttt b e sa e bt et eaee 32
A.2 Overvoltages associated With INtEITUPLION ........cc.eeruieriieriieit ettt eee e seaesenes 33
A3 Derivation of the equations for the general Case............cccoevieiiriiriieeie e 35

Annex B (informative) Shunt reactor CharacteriStiCS. .. ..uuiiruireiiiieiieerieeeieesre et e ete e eereeesreeeseeeeseaeeseneeas 40
S 20 G <3 TS, 1 USRS 40
B.2 Shunt reactors with rated voltages of 52 kV and above ...........cooceeieieiininiiiiieeec e, 40
B.3 Shunt reactors with a rated voltage below 52 KV ......oocooiiiiiiiiii e 41

Annex C (informative) System and station CharaCteriStiCs.........ouiirierierererieieiere e 42
Gl GOINETAL....c.eeeee ettt et h et e bbbt b e e a e et et b e eb e bt e ettt beeat et et e b e 42
C.2 SYStEM CATACTETISLICS ...vvevieiietieteete et eteetteettesttesteestee st esseesseesseessesssesssesseesseesseesaesseensesssensseessenses 42
C.3 Station CRATACTETISTICS ..e..eevteuteietiitieteeiceie ettt ettt ettt ettt ettt s b e sh e bt et et bt eb e st en b et e besbeeaeeneenean 42

9

Copyright © 2018 IEEE. All rights reserved.



Annex D (informative) OScillation MOAES ........ccuievieiiiiiiiiiiereeceeee ettt et sre e be b ennas 43

DT GONCIAL ...t h bttt b bt bt e a et bbbt ettt beeb et e b e 43
D.2 L0ad Side OSCIIATION ....cueutiiieiieiiesieet et sttt sttt et et b bt enean 44
D.3 Reignition OSCILALION .......c.ceviiieiiieiieseeie ettt et te st e st e st esae e beebeesbeesbeesbessaessaessaesssesseenseesseenss 44
D.4 Interaction DEtWEEN PRASES .......cceervieriieiieiieieeieeteetesteste st et e st esteenteesseessesssesnsesnsesssesseenseenseensens 46
Annex E (informative) Application of laboratory test results to actual shunt reactor installations.............. 48
BT GNEIAL ...ttt ettt bbbt bbbttt eb et e b e 48
E.2 Overvoltage eStimation PrOCEAUIES .........ccueeiuiriiriirie it eiieet ettt ettt et eneeseee st e seesaeeneeeneeenes 48
E.3 Ca8C STUAICS ...ttt ettt ettt ettt et e bttt e n et ene e e st e bt e eheeaneenneeneeteenteen 51
Annex F (informative) Statistical equations for derivation of chopping and reignition overvoltages.......... 57
FoL GNETAL ...ttt ettt et ettt b e s bt e s bt e s bt e sbe e bt et et et enteas 57
F.2 Chopping number independent 0f arcing time ...........cccceeoeeuerenerienieieriesie sttt see e 57
F.3 Chopping number dependent 0n arcing tiMe...........cceerueerreerreerreeiiesiseseeseeseesseesseesseessesssesssesssesssenns 57
Annex G (informative) List 0f SYMDOIS.......ccuieiiiiiiiiiiieiieseeseeceeee ettt e beeae e esne e 59
Annex H (informative) BiblHOZIAPIY .......ccviiuieiiiiiiiiiciieeeteee ettt s seaesreessaebeensees 61
10

Copyright © 2018 IEEE. All rights reserved.



IEEE Guide for the Application of
Shunt Reactor Switching

1. Overview

1.1 Scope

This application guide applies to ac high-voltage (> 1000 V) circuit breakers rated for shunt reactor
switching. This application guide provides the theoretical background of shunt reactor switching and how
information obtained from test results should be used to predict overvoltages in the field, and gives
suggestions how to mitigate these overvoltages.

1.2 Purpose

This guide is intended for general use in the application of ac high-voltage circuit breakers for shunt reactor
current switching.

The current to be interrupted is generally less than 300 A rms; however, shunt reactor switching imposes a
unique and severe duty on the connected system and the circuit breaker. Successful interruption is the result
of a complex interaction between the circuit breaker and the circuit; this interaction can result in significant
overvoltages. The purpose of the guide is to describe, principally for the benefit of the user, the shunt
reactor switching duty, the overvoltages generated, and the control of those overvoltages. The guide further
details the specification of circuit breakers and procedures to predict field performance based on test data.

NOTE—Shunt reactors connected to the tertiary windings of transformers have typical currents in the order of some
thousand Amperes. !

2. General application conditions

2.1 Maximum voltage for application

The continuous operating voltage should not exceed the rated maximum voltage for the circuit breaker.

! Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard
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