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Table 1 Initial optimization parameters of MSDC

R K. QDlj/ K.. ¢’2j/ I K.. ¢]j/ K.. ‘sz/
g V) T e Y o) T (o)
1 20 90 50 30 4 10 135 30 -90
2 10 150 40 -40 5 10 80 10 -110
3 20 150 50 -80
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Table 2 Coordinated optimization parameters of MSDC

PRl Kl/ lel/S lez/s sz TZjI/S Tz,‘z/s

1 31.20 0.0382 0.0062 14.2  0.006 8 0.003 5
2 0.26 0.0117 0.0033 195.6 0.0054 0.0072
3 43.50 0.0238 0.0026 114.6 0.0044 0.0140
4 8.80 0.0224 0.0046 155.1 0.0057 0.018 2
5 2.50 0.1152 0.0679 6.8 0.0377 0.207 6
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Table 3 Calculative results of three conditions

o, A/ He BB Lt/ %
i fé KECE s EMAME REE Wb BhEfk
MSDC &% k3% MSDC B (kS

1 32.3 32.3 32.6 -0.56 -0.12  0.469
2 25.6 25.5 25.6 -0.03 -0.019 1.795
3 20.2 20.3 20.2  -0.004 0.06 0.673
4 15.7 15.9 15.7 -0.03 0.73 4.617
5 1.7 1.7 1.8 2.72 5.38 8.821
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Table 4 Independent optimization parameters

Py AU MSDC 2 ABfk 280 WM MSDC 27 itk 241

R K]j le]/s lez/s K2j szl/s szz/s
1 10.2  0.0242 0.0010 15.8 0.007 3 0.003 3
2 5.2 0.0175 0.0022 153.3 0.007 2 0.006 0
3 145 0.0211 0.0029 104.1 0.0013 0.047 8
4 2.8 0.0294 0.0035 169.2 0.0041 0.0025
5 23  0.1116 0.070 1 8.2 0.0412 0.1899
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Table 5 Analysis results of eigenvalues
W% 45 3%,/ Hz, BHJE t/ %
S ORI H OB ORI O R 116
32.5 324 32.5 0.008 0.18 -0.090

1

2 25.6 25.6 25.6 0.014 0.58 0.020
3 20.3 20.2 20.3 0.070 0.35 -0.008
4 15.7 15.7 15.7 2.370 4.73 2.580
5 1.8 1.8 1.7 8.730 7.86 6.410
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different control methods
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Fig.6 Generator rotor speed differences of LFO and SSO modes
under different parameters of MSDC
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Table 6 Prony analysis results under three control strategies

& B3R/ Ha FHLJE L/ %

LEV T ORS {ONS HHORE {UORS PR e
32.7 32.6 32.8 -0.553 -0.122  0.44
25.8 259 26.0 -0.035 -0.018 1.82
20.5 20.4 20.9  -0.005 0.059 0.53
16.0 16.2 16.1 -0.035 0.753 4.84
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Fig.7 Generator rotor speed differences of LFO and
SSO modes under different control methods

GBI . i — 2 A M eT A, X T AL A 4 LR
ST T, AR BLON MSDC 5 Ml MSDC )2 % it
T3 7S A AL  (HX S 280 2 [a) R A B PMA B A, X
T LFO U BHJE R KRR, i SSO i
[R5 AT 2 A A

4 g

A SCER T 7 245 LFO Fi1 SSO 14 BH JE R84
[F) R, g AL R 224> MSDC B9S850 I 1 Ak 1)
FIH MG PCSA X S50 b A DL A A Y BE 17 R fif | 15
#| MSDC (P25, 8 i XHE MU ) TEEE SSR
55— ARG )RR AE 3 B TR 35405 B 40 B, 45
LITN 458 .

a. JUTHE MR 2 1 R W R i A PR 5 M g G AN [ A
KXBHJE Z B B2, RIBHLE A, 25 A T &
i) LFO 5 SSO;

b. HTFAEL R S xF SSO A5 =X BHJE e i 1
AT T AIEE , B SSO B AR ik, Hopr
RELJE Le Y AR /) | f A5 O A B 5 38

c. ML T LG HIR s, AR R — R 255
K ZA ST A 4 T2 B B2 P R 4 1) 5 g 2
A R GF AR

ASCI AT BCER X B BE IR A HL ) R GE IR 20
[T A 48 T S FEAR R IS T AR, 500
HE—2 R AR SCAT R A s B RE RS A T R &
Ji BEATHT 4 3 [F) L,

SE

[ 1] skAe, zell B/, 45, A SRl PSS il A 4i 32 HIL B 2 s
PR ], B RGR S, 2010,38(3) :77-80.
ZHANG Yangfei, YUAN Yue, CHEN Xiaohu, et al. Mechanism of
active-power PSS low-frequency oscillation suppression and charac-
teristic of anti-regulation[ J]. Power System Protection and Control ,
2010,38(3) :77-80.

[ 2] haEg X455, S5V, Fe TRk 2455 Prony FEIE AU MRAIHR



[56) & 0 8 % w it %

%38 %

Gl BRI BRI S PSS 93T [ U], MR, 2007, 31
(17) :16-20.

MA Yanfeng,ZHAO Shuqiang, GU Xueping. Reduced order identi-
fication of low-frequency oscillation transfer function and PSS
design based on improved multi-signal prony algorithm[ J]. Power
System Technology ,2007,31(17) :16-20.

[ 3] Sk, AREL D RGAE SN BRI R AR [T]. T
FAR 2 ,2007,22(6) :121-127.

ZHANG Fan,XU Zheng. Effect of exciter and power system stabili-
zer on subsynchronous resonance damping [ J]. Transactions of
China Electrotechnical Society,2007,22(6) :121-127.

[ 4] %%, BB IMHIRIE R A IR 45 4 PSS ZHUEALT].
B TR AR 2447 ,2009,24( 10) : 122-127.

JIANG Ping, WANG Guanyi. Parameter optimization of PSS of parallel
configuration used to damp subsynchronous resonance[ J]. Transac-
tions of China Electrotechnical Society,2009,24(10) :122-127.

[ 5] K, XVETH, Lennart Angquist, 25, 0051 K 5 251598 19 TCSC
ESBLE R [T]. b E R L TR, 2008 ,28(10) :130-135.
ZHOU Changchun, LIU Qianjin, Lennart Angquist, et al. Active
damping control of TCSC for subsynchronous resonance mitigation
[J]. Proceedings of the CSEE,2008,28(10) ;130-135.

[ 6] SRARE, 22000, TR, 5. TCSC MH E BB Fasilil v vk ) 251k

PREGHIHILI]. AR ,2010,34(1) :22-26.
ZHANG Shaokang, LI Xingyuan, ZHANG Zhen, et al. Research on
suppressing sub-synchronous resonance by TCSC and its active
damping control [ J ]. Power System Technology, 2010,34 (1)
22-26.

[ 7] AT BRE, B5E. TCSC TR MLt a0 Bseit (0],
M A ,2005,29(22) :35-39.

LIN Yufeng, XU Zheng, HUANG Ying. Design of TCSC auxiliary
controller for inter-area power oscillation damping [ J ]. Power
System Technology,2005,29(22) :35-39.

[ 8] W% ITAT0, W —5. RITHMHE TS 155 1 IX (e (R4 R %

FRUBFEf BT [T]. H TR, 2009,24(6) £ 154-159.
QI Jun,JIANG Quanyuan,CAO Yijia. Design of damping controller
for inter-area low-frequency oscillation using time-delay wide-area
measurements| J ]. Transactions of China Electrotechnical Society,
2009,24(6) :154-159.

[ 9] XM, BT, ok&, 55 JRRALAT PR 25 41k 15 410 il 4 BELJE 42
WAL [ )], B TR S, 2016,31(21) £ 150-158.
LUO Chao, XTAO Xiangning,ZHANG Jian,et al. The optimal dam-
ping control strategy design of parallel active subsynchronous oscil-
lation suppressor [ J ]. Transactions of China Electrotechnical
Society,2016,31(21) :150-158.

[10] ZE61, skARAR, Mk, 5. BT IORMATE 1 ZHLH 7 RGEAR
EMSEIRBAT[T]. AR ,2017,41(9) :2987-2995.
ZUO Jian,ZHANG Chengwen, XIAO Yi,et al. Multi-machine PSS
parameter optimal tuning based on grey wolf optimizer algorithm
[J]. Power System Technology,2017,41(9) :2987-2995.

[11] Ze80, 80 2L 45 J6 T R 00 AL 3872 ) T 15 HL IR A7

W R ORI RE AT [ 1] W T ROR 244K, 2018,
33(3) :478-489.
ZUO Jian, XIE Pingping, LI Yinhong,et al. Intelligent optimization
algorithm based load frequency controller design and its control per-
formance assessment in interconnected power grids [ J]. Transac-
tions of China Electrotechnical Society,2018,33(3) :478-489.

[12] EREW. ZERGREAMESFEERISSEIE[D]. FM .
TN KA ,2015.

WANG Xiaoming. Coordination of controller parameters considera-
ting steady and dynamic characteristics of power systems[ D]. Zheng-
zhou ; Zhengzhou University ,2015.

[13] WiAe, X Fanik. ) RGEMRATR 5 R F] 20 3% (4 BEL S #
S3MT[I]. W1 A Bk ,2004,24(9) : 15-17.

HU Yunhua,ZHAO Shugiang. Analysis of damping coupling rela-
tion between LFO and SSO of power system[ J]. Electric Power Au-
tomation Equipment,2004,24(9) :15-17.

[14] BImAE & A050, thalielde 25, s ) RGURAIUR 5 FIR R A6 4R %
Gi—RERIRLJE AT T]. WL E B4k ,2005,25(7) :6-11.
HU Yunhua,ZHAO Shuqiang, MA Yanfeng,et al. Damping analysis
of unified LFO & SSO model in power system[ J]. Electric Power
Automation Equipment,2005,25(7) ;6-11.

[15] B ZE el X RBE, 45, i v 5] 20 MR AR % 14 £ 38 F

VBT INBELIE £ 4R T ()], W0 A S kB4, 2014,34(3)
89-93.
ZHAO Rui, LI Xingyuan, LIU Tianqi, et al. Design of multi-channel
DC supplementary damping controller for subsynchronous and low-
frequency oscillation suppression [ J ]. Electric Power Automation
Equipment,2014,34(3) :89-93.

[16] FRMEER M, AOGIE, 5. KA 7 2 5eBH e £ 1 & Ur R 4R
FEELT]. MR 2014,38(9) :2466-2472.

ZHANG Jiannan, LIN Tao, YU Guangzheng, et al. Coordinated opti-
mization of damping controllers in large-scale power system [ J .
Power System Technology,2014,38(9) :2466-2472.

[17] T4k, PSS Fl TCSC MMEMRS 2 B e M MBFFE [ D). BT
JPERE#,2008.

NING Lin. The study of interaction and coordination between PSS
and TCSC in damping oscillations [ D ]. Nanning: Guangxi Uni-
versity,2008.

(18] RRRIAS, ¥ — %K ILAJ0. A RERFELRE 1ML 55517
[M]. bt B iR, 2009.:19-187.

[19] TRiBE , k¥, 5 £ 5, 4F. 25T CBR A1 OAPID Ay I L I X ]
ARG BUE ). By Al b4 ,2013,33(8) :88-93.

XU Xialing, LIN Tao,GAO Yuxi,et al. Warning of inter-area mode
oscillation based on CBR and OAPID for interconnected power grids
[J]. Electric Power Automation Equipment,2013,33(8) :88-93.

[20] #fge DX R AR IR 925 4 1R 23 M S5 D7 ik i 52 [ D .
BRI AR RHE R, 2009.

YANG Huimin. Analysis and control of low frequency oscillation in
regional power system[ D]. Wuhan : Huazhong University of Science
& Technology,2009.

[21] IEEE Subsynchronous Resonance Working Group. First benchmark
model for computer simulation of subsynchronous resonance [ J ].
IEEE Transactions on Power Apparatus and Systems, 1977,96(5) :
1565-1572.

EERE:
2T (1992—), B, @& L MA, M
THRAE, ERHR T AR N RGBS
L4 R B #& % (E-mail : 309875997 @

qq.com) ;
‘2 o E(1969—) , B b KA K
BMERAEFH, ZEHR T @A N

%= F e e e - . .
BET anmmhee bAE R RRRY
5 2% (E-mail ; tlin@whu.edu.cn) .

(F#% 62 W continued on page 62)



@ LA/

% L &

=38 %

[16] MM, TR, FIUR 5. T HEAG S LI INLE A 3
PEHAL)]. BT RGEA 311K, 2000,24(9) :38-41.
ZENG Xiangjun, YU Yongyuan, YIN Xianggen,et al. Novel techni-
que for Petersen-coil tuning based on injecting current[ J ]. Automa-

tion of Electric Power Systems,2000,24(9) :38-41.

M &(1993—), F,#H H A AR
THRAE TR A T @AR N FAEKY
15 3% %) ( E-mail : 1014042012@qq.com) ;

CHE(1972—), B, a AR EA, K
LB, T 2RI EAANE S F
SR 5 42 4] (E-mail ; eexjzeng@qq.com) ;

o AR(1989—), F @ KITA T L ERMA
6 A H) B Gk 5 354 (E-mail ; 1393009168@qq.com) ;

RHEBE(1994—) K, F @ wIRA, ML A, 25
R A G N RGP 5 3% (E-mail ; 252066208 @ qq.
com) ;

B T(91—), B, TaismA, SR I Mt £
FH R Iy A E e MR S A R M R ) R L
T 4 1 57 (E-mail ; zhouningzz@sina.com ) ;

B R(1984—) , B, THERA, HA TN, ML, £
BRI 6 KRB W ) B G S M AT R A
% %X 345 m) ( E-mail ; qingzhu0301@163.com)

Novel method of full compensation for grounding fault of

resonant grounding system
YANG Lei' ,ZENG Xiangjun', YU Kun',YU Mingi',ZHOU Ning®, FENG Guang’
(1. Hunan Province Key Laboratory of Smart Grids Operation and Control , Changsha University of
Science and Technology , Changsha 410014, China;

2. Electric Power Research Institute of State Grid Henan Electric Power Company , Zhengzhou 450052, China)
Abstract:In order to solve the problems that the traditional arc suppression coil cannot compensate the active
current nor suppress the intermittent-arc grounding fault,a novel method of full compensation for grounding fault of
resonant grounding system is proposed. In the normal state of resonant grounding system, the values of compensation
components are calculated based on the system insulation parameters precisely measured by injecting signal reso-
nance. When single-phase grounding fault occurs,the fault phase is selected by the phase of the fault current. Then
the resistance capacitive compensation components are put into the lagging phase of the fault phase,so that the fault
phase voltage can be suppressed to zero and the grounding fault current can be fully compensated. The simulative
analysis shows that immune to the transition resistance,the proposed method can quickly suppress the fault phase
voltage , realize full compensation of the grounding fault current for the distribution system and effectively suppress
the intermittent grounding fault, meanwhile ,its operation is simple and reliable,and its cost is low.

Key words : resonant grounding system ; single-phase grounding fault;arc suppression ;fault phase voltage;full com-
pensation
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Parameter coordination of generator-side and grid-side multi-channel supplementary
damping controllers to suppress low-frequency oscillation and sub-synchronous

oscillation comprehensively
CHEN Baoping' , LIN Tao' ,CHEN Rusi',ZHANG Jiannan' ,SHENG Yibiao',XU Xialing”
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;

2. Central China Electric Power Dispatching and Communication Center, Wuhan 430077, China)
Abstract ; Because of the damping coupling between the LFO( Low-Frequency Oscillation) and SSO ( Sub-Synchro-
nous Oscillation) ,the controllers designed for a specific oscillation mode may have adverse effects on the oscillation
modes of other frequency bands. Taking both LFO and SSO into account,the generator-side and grid-side supple-
mentary damping controllers are designed based on the mode-separation method,and the damping coupling issue is
transformed into a parameter coordinative optimization problem among controllers. The LFO and SSO are suppressed
comprehensively and the damping coupling between modes is minimized by coordinating the parameters of controllers
and channels corresponding to the same oscillation mode. The damping ratio threshold of SSO mode is dynamically
set in the coordinative optimization process, that is, the larger the frequency of SSO mode, the smaller the required
threshold of the damping ratio. Both eigenvalue analysis and time-domain simulation results show that the proposed
coordinative control strategy can significantly improve the damping characteristics of the objective frequency bands,
and it has better damping effects than the conventional damping control strategy.

Key words : low-frequency oscillation ; sub-synchronous oscillation ; damping coupling ; generator-side/ grid-side multi-
channel supplementary damping controllers ; dynamic damping ratio ; coordinative optimization



