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Fig.2 Flowchart of load shedding

location selection by scheme A
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Fig.3 Flowchart of load shedding location
selection by scheme B
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Table 2 Comparison of control performance

. Fas iR /He FAIRA R /He Y16 i 45/ MW IS 1) /s
BElr o S\l AE1 Fel2  FEe1 Bl el Ffl2
TR 49.9801  49.9808  49.4425  49.4708 10.9 10.2
FEA 499965 49.9906 494575 494732 8023 624.6 7.8 8.6
FEB 499986 49.9943 494578 49.4729 7.5 8.1




® ® 0 8 & iR B

%36 %

"o 0 20 , 0 40 50

****** WA, - TR A, — TEB

7 BB 2 B8 AR B 706 R B £k

Fig.7 Dynamic frequency response curves of case 2

R B RE A S R AE V) B 25 A T AT I 4% BT
TR 2R G AR Sl A e LAY R W R B TR A
AR AN RIPEsh 7 3R 25 DU a5 A D R B
UANTR] 2 TR 0 e i A0 R P2 11 Dt e B
ROk 28 7 I D ) % 2% 418 3l 7 2P A T B A 1 A 2
SRAE AR A [ 75 58 B i BORS)  4p 49 a3 6] 247 20
Be, 5 A R R W A DR 2 B G A RT3 N, A X
ok 288 21 2 0 U T 58 7 SCHRE 10 i 28 M S AR
el 288 2 3 T D AR A1 45 202 ) R AR S A8 2 A4
HPEREFR AR L BA — R A PL S JEHX T Dy R B
BRG] 1, A 3007 4RI RCR S W] 2

4 Hig

BETHINM G ZHH T R G257 B AR
e e o AR A T T e e A ) R R
I LAV 2R s 1) 58 A0 S SR SR T U A e 40 T A S
BFes O AL U0 45 R B | A SCu i A ol 28 4 il
T3 58 J i ml a 43 4 ) R 0 RE B 0 R 4
A, 75 A [F] 0 2 0 AC AN O T3 T BE % 445 T n ph
R A A 3R A R RN T 2 0 R G s AT R I AR
BAH, X T48 35 g i X PR T R RIASE L, D] A A0 ik
288 Mt 32 BRI 2 i 3 P B EE A R

WhARFE AR SCHIBIFGE TAR R A R AR,
2 JE AN n] 7E 9 2k B P 2 pE A R AR AR 5 e R A
Ji T B — AT IR

SE .

(1] HPAe R SR ] ] 5 5 e M A S0 A 2 S sy, o ] ] 5 o AL
B DI ) RGN 25 . GB/T15945—2008[S]. Jdbxut.
[ H gy A, 2008.

[2] KUNDUR P. Power system stability and control[M]. New York,
USA :McGraw-Hill Professional , 1994.

[3] ARICW X2 53 XACHE 45, i1 e dh A8 TE /Y B 35 ) AR A5 ik
B, T ASME#,2014,34(4):95-100,119.
SONG  Zhaoou,LIU Junyong,LIU Youbo,et al. WAMS-based
adaptive UFLS considering dynamic correction[J]. Electric Power
Automation Equipment,2014,34(4):95-100,119.

[4] AHSAN M Q,CHOWDHURY A H,AHMED S S,et al. Tech-
nique to develop auto load shedding and islanding scheme to
prevent power system blackout[J]. TEEE Transactions on Power

Systems,2012,27(1) :198-205.

[5] wFH w IRUE R 3. A8 7R vl IO DAL A0 00 A e 19 90 2% = 23 T (7.
71 & 48 A 8114k ,2006,30(12) : 102-107.

GAO Xiang,GAO Fuying,YANG Zenghui. Frequency accident
analysis in East China Grid due to DC line fault[J]. Automation
of Electric Power Systems,2006,30(12):102-107.

HEEG. BRI RGO B R 2R (1] B Ak
#%,2002,22(4):1-4.

YUAN Jixiu. Emergency control for preventing frequency col-

—
=)}
[

lapse of power system[]J]. Electric Power Automation Equipment,
2002,22(4):1-4.

(7] BRI R, Ly R 48 A 3 (R 03t vsl £ 45 R BLAE . DL/ T428—
2010[S]. bt v dL g AL, 2011.

[8] YANG Deyou,CAl Guowei. Spatial characterization of the dy-
namic response [J]. International Journal of Emerging Electric
Power Systems,2013,14(2):139-148.

[9] de la REE J,CENTENO V,THORP J S,et al. Synchronized
phasor measurement applications in power systems[]J]. IEEE Trans
on Smart Grid,2010,1(1):20-27.

[10] VALVERDE G,CAI Deyu,REGULSKI P,et al. Wide-area moni-

toring, protection,and control of future electric power networks
[J]. Proceedings of the TEEE,2011,99(1):80-92.

[11] TERZIJA V V. Adaptive load shedding based on the magnitude
of the disturbance estimation[]J]. IEEE Transactions on Power
Systems, 2006,21(3) : 1260-1266.

[12] WHASE, 5 BB Ik 2% 2k 24 o i 5 DX ) IR A3t 28 R e RO BIE5E (D ).

JLst AR 2007.

SHI Bonian. Under frequency load shedding scheme for inter-

connected power grid with consideration of the tie line constraint

[D]. Beijing:Tsinghua University,2007.

RB/IMR AR B TR 2O Ay A I Y 22 Ll AR A T 48 (T ).

ML A BB 4 ,2011,31(9):32-35.

XIONG Xiaofu,LI Dongjin. Under-frequency load shedding based

—
—_
(95}

—

on online load detection for electric substations[]J]. Electric
Power Automation Equipment,2011,31(9):32-35.

[14] ANDERSON P M,FOUAD A A. Power system control and sta-
bility(M]. 2nd ed. [S.l.]:Wiley-IEEE Press,2003.

[15] SEYEDI H,SANAYE-PASAND M. New centralized adaptive
load-shedding algorithms to mitigate power system blackouts[]].
IET Gener Transm Distr,2009,3(1):99-114.

[16] % E AL, L J7 R8T E M SO B A H R 0T ik (D .
W RIS L MR IR Tl K2 1999,
CAI Guowei. Branch transient potential energy analysis method
for power system transient stability[D]. Harbin:Harbin Institute

of Technology, 1999.

EEE A

WAL A (1983 —), F |, BRIL 5 a4 R
AR L BEAEE  ERMA T @A
WA RRAR G N HRRE R HAR P
5 3z 4] (E-mail ; eedyyang@hotmail.com ) ;

REA (1968 —), F , T FHRA H
BEEAREFTH B L2HATOH
WA RARET R R LS EH
F R (E-mail . caigw@mail.nedu.edu.cn) ,

(T #% 135 W continued on page 135)




%3 FRICAS 55 AR T3 M T 03 2 A 22 P15 H ) ] A A Oy 1 @

Reliability evaluation based on outage character classification
for multi-level power grid

ZHENG Wenjie' , HUANG Jiajian',SUN Chuan*, WANG Longjun’

(1. Guangdong Province Key Laboratory of Smart Grid Technology,Electric Power Research Institute of Guangdong
Power Grid Corporation, Guangzhou 510080, China;2. School of Electrical Power,South China University of Technology,
Guangzhou 510640, China)

Abstract: Since the traditional reliability evaluation of power grid ignores the influences of transmission
network factors and management control indexes,a method of reliability evaluation based on the outage
character classification is proposed for multi-level power grid,which introduces the transmission-distribution
connecting points to establish the reliability relationship between levels and applies the reliability network
equivalent method to quantify the impact of transmission grid fault on the outage reliability index for
solving the data lack problem and simplifying the engineering. The ridge trace curve is used to select the
main management control indices and determine the ridge parameters. The ridge regression analysis is
applied to quantify the impact of management control index on the scheduled outage reliability index for
exploring the enhancement measures of management control. The power-supply reliability of a bureau is
evaluated and the results show the proposed model and solution evaluate the grid reliability index more
accurately.

Key words: multi-level power grid; reliability; evaluation; connecting point; ridge regression analysis;
outages
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(L#:% 128 M continued from page 128)

Load shedding control sensitivity and its applications in
wide-area low-frequency protection

YANG Deyou,CAI Guowei
(School of Electrical Engineering,Northeast Dianli University,Jilin 132012, China)

Abstract: The existing procedures of under-frequency load shedding control cannot confirm the location and
capacity of shed loads. The load shedding control sensitivity of load node is proposed based on the active-power
interference distribution model of multi-generator system,according to which,a method of load shedding location
selection and a load shedding capacity distribution model are proposed. It is applied to the wide-area low-
frequency protection of power system under the extreme disturbance mode. The simulative results show that,for
the same load shedding capacity,the proposed scheme has better control performance than the uniform load
shedding scheme.

Key words: electric power systems; under-frequency load shedding; sensitivity; relay protection; wide-

area protection; electric load shedding
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