ISSN 1975-8359(Print) / ISSN 2287-4364(0nline)
The Transactions of the Korean Institute of Electrical Engineers Vol. 66, No. 8, pp. 1187~1194, 2017
http://doi.org/10.5370/KIEE.2017.66.8.1187

2RV B4R H AR ARY] HeEAo| dek d+t
A Study on the Protective Coordination of Generator Overexcitation and Overvoltage Relay

MAE AR AEE I G

(Ji-Kyung Park - Kwnag-Hyun Kim - Chul-Hwan Kim - Young-Sik Lyu - Jeong-Jae Yang)

Abstract - After North American wide area black out on August 14, 2003, various studies have been conducted to find out
the reason of the disaster. One of main reasons was misoperation of generator protection system. Since then, protective
coordination between generator protection system and excitation system controls has been hot issue among electrical engineers.
Among various generator protection relays, in this paper, we focused on generator overvoltage and overexcitation relay, which
protect the over-flux condition of the generator. Thus, at first, we modeled the generator overvoltage, overexcitation relay and
detailed power system including excitation system, governor and etc., based on actual field data. And then, we reviewed the
protective coordination of generator overvoltage and overexcitation relay using electromagnetic transient program. In addition,
we discussed the protective coordination method for redundant protection relays in both automatic voltage regulator and
generator side.

Key Words : AVR Protective Function, Generator Protection System, Overvoltage Relay, Overexcitation Relay, Protective
Coordination
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Table 1 Protective coordination of generator V/Hz and
overvoltage of A power plant unit #1, 3, 4

Overexcitation Overvoltage
(V/Hz, 24Ry) (59Ry)
Generator Level 1 Trip : 1.1p.u./45s Alarm :
Protection Level 2 Trip : 1.18p.u./2s 1.05p.u./2s
AVR . Inverse Def.inite Trip :
Protection Plck-up = 112pu. Trip 1.2p.u./2s
Trip @ 1.2p.u./45s 1.2p.u./2s
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Table 2 Protective coordination of generator V/Hz and

PR JoixF B Y HE

overvoltage of A power plant unit #5, 6

Overexcitation Overvoltage
(V/Hz, 24Ry) (59Ry)
Generator Level 1 Trip : 1.1p.u./45s Alarm :
Protection Level 2 Trip : 1.18p.u./2s 1.05p.u./2s
AVR . Inverse Def.mlte Trip :
Protecti Pick-up : 1.11p.u. Trip : 1.060.0/10s
TOeCton | ryip  1.15pu/4ss | 118pusos | o0
V/Hz & Overvoltage Coordination
—a&— AVE V/Hz Protection
1000.00 —+—Gen V/Hz Protection
—+—AVR Overvoltage Protection
Gen Overvoltage Alarm
2 100.00
g
10.00
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1 11 12 13 14 15
V/Hz (pu)
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Fig. 2 Protective coordination diagram of generator V/Hz
and overvoltage of A power plant unit #1, 3, 4
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Fig. 3 Protective coordination diagram of generator V/Hz

and overvoltage of A power plant unit #5, 6
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Table 3 Parameters of A power plant unit #1 generator,

excitation system and governor

Generator Excitation System Governor
(EXST3) (TGOV1)
HAEY : 612MVA
R AR -
Ogd”f:‘ll ‘721211(\/ TR : 0.00 VRMIN : 0.0
Xa © 16587 VIMAX : 02 KG : 1.0 R : 005
x‘g © 0.2586 VIMIN = -0.2 KP : 438 T1 : 049
Xq ¢ 0452 K © 200 KI : 00 VMAX : 0858
Xv% . 02029 TC : 1.0 EFDMAX : 58 | VMIN : 040
X' 0.2029 TB : 10.0 KC : 0.1 T2 @ 21
T':ilo" 3826 KA : 826 XL : 00 T3 : 70
Tqo : 05084 TA : 04 VGMAX : 56 Dt : 0
T'do : 0.0316 VRMAX : 1.0 Theta P : 0.0
T"qo : 0.0592
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Table 4 Simulation conditions

Simulation Case 1 : Power Plant A Unit #1, 3, 4
Cases Case 2 : Power Plant A Unit #5, 6
Disturbance 2 seconds later from simulation start, AVR
Conditions reference(Vger) error (115%, 120% increased)
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Fig. 7 Analysis of protective coordination of generator V/Hz
and overvoltage relay of A power plant unit #1, 3, 4
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Fig. 8 Analysis of protective coordination of generator V/Hz
and overvoltage relay of A power plant unit #5, 6
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6.4 &

2 =RoAdEs g7 HSAIA"HS st B gE &
AVR YR HS5Q40 ZEFOE FHEL o 2851 U= WhE
71 oAt 2 EY ARVE AT tido=Z o] HSE%
ot GTE FSIITE ARl A ERAON 2850 FE%
HIEHOZ EMTP-RVE O|&5t0] ©AY] 1ojat & 1At A
718 Hgdstl HSEx F3 dgs dE 9 BAsSinh 1
2t 593 ERA9 sUIQoE EFetal AVR St WHEY)
o 5 Fg% 9RY] Wmojat 2 1A AFZe FEZol
olgheg golg 4= AQILh mets SSE 7IEo] wet 58 A
H B340 HSHE FPs MHETY FQrt Ag ZIog
AlREL] 08 flgto] B =RoAe WE7] dojxt 2 aEQt
ARZ] HE Al Ao & 94, BF dhiHol thste] AAFo
2 AEslRUom, AVR & 3 W] Fo 5502 HEH H
Q49 8x 9 BE TAE FTEEOEHA FESH FFE ot
HMAISILE olgfst dTE HIYCR g% S8% Hse4E
Hote 71E sHo €88 4+ Ag AOZ AIREHLL

o0 0z I

o o for

A =2
B A= oh=2XEg A4 (Korea Power eXchange)Q| A
Yo7 FHEAS.
o] itz 20174 FEEHERWEO MAS=

StATAIEY] K¥e  dop 8E d3ANo.2015
R1A2A1A10052459).

References
[1] North  American Electric  Reliability =~ Corporation,

“Reliability Standards for the Bulk Electric Systems of
North America”, 31 August 2015.
[2] Working Group J-5 of the
Subcommittee, Power System Relay Committee, “Coordi-

Rotating Machinery

nation of Generator Protection with Generator Excitation
Control and Generator Capability”, in Industrial and
Commercial Power Systems Technical Conference, 2008.
ICPS 2008. IEEE/IAS, vol,, no., pp. 1-17, 4-8 May 2008.

[3] A. P. Kharel, R. J. Rusch and R. Thornton-Jones, "Review
of generation system overflux limiters and protection and
consequences of incorrect settings', IEEE PES General
Meeting, Minneapolis, MN, 2010, pp. 1-6.

[4] E. F. Alves and M. A. de Souza, "Analysis of overexcitation
relaying set up in synchronous generators for hydro
power plants", Transmission and Distribution Conference
and Exposition: Latin America (T&D-LA), 2010 IEEE/PES,

7| BOIRt QBN AR| HEHEO| BE ol

(5]

(6]

(7]

(8]

[9]

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

Sao Paulo, 2010, pp. 298-303.

Shawn Patterson, “Coordinating Excitation limiters and
Protective Relaying”, US Bureau of Reclamation, 2004.
R. Schaefer, D. Jansen, S. McMullen and P. Rao,
"Coordination of digital excitation system settings for
reliable operation”, Pulp and Paper Industry Technical
Conference (PPIC), Conference Record of 2011 Annual
IEEE, Nashville, TN, 2011, pp. 112-119.

IEEE Power System Relaying Committee, “IEEE Tutorial on
the Protection of Synchronous Generators”.

IEEE Standard C37.102, “IEEE Guide for AC Generator
Protection”.

GE Energy Product Description, GEI-100545A, “EX2100 35
A Regulator”.

dt x] & (Ji-Kyung Park)
1985\ 5€ 1694, 2012 Hudt) BR
EAFeR £ 20159 5 Ui HAEE
Althgl AutaAtsstats 5. oAl SRt
oY= ASHVIEIA o
Tel : 042-603-3056
Fax : 042-868-0183
E-mail : k734pjk@kKins.re.kr

Z & 8 (Kwang-Hyun Kim)
1992 49 17€4. 2015 AEdT) EH
S4tist £9. 20179 5 Uistd FRE4
st EHEAD. SR QA AG) AF
Tel : 031-290-7166
Fax : 031-299-4137
E-mail : rlarhkdgusl7@naver.com

Z & & (Chul-Hwan Kim)
19619 1€ 10248, 19828 Hodt) &7
st £¢. 19909 = thstd Zr|gshl &
AESH). A Gt FRSAUE a4,
HHITAHLLME HEZ
Tel @ 031-290-7124
Fax : 031-299-4137
E-mail : hmwkim@hanmail.net

1193



1194

x| 66 8= 20174 8

2 9 Al (Young-Sik Lyu)
1963 2¢ 11¥4. 1989¢ Feristu A
1&gk £Y. A sh=AEANE ASH
SE A&
Tel : 061-330-8642
Fax : 061-330-8299
E-mail : ry@kpx.or.kr

& A A (Jeong-Jae Yang)
1961 28 1794, 1989 A=thstu A
7155t £, oA sh=dEAEA ASE
59 By
Tel : 061-330-8640
Fax : 031-330-8299
E-mail : jjyang@kpx.or.kr





