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WAMS based dynamic optimization of adaptive under-frequency load shedding

LI Shun', LIAO Qingfen', LIU Dichen', LI Ang”, CEN Bingcheng', WANG Jiali'
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. Shenzhen Power Supply Bureau Co., Ltd., Shenzhen 518001, China)

Abstract: The rule No.599 of power grids in China indicates that the shedding load is equivalent to the failure loss load,
which requires less load-shedding as much as possible under the premise of security and stability, to reduce the cost of
frequency accident control. Therefore, in this paper, the load-shedding contribution factor based on frequency regulation
effect, P-V characteristic and the importance of the load is designed to indicate the placement of load shedding and the
allocation of the load to be cut. The influence of voltage leap on unbalanced power is analyzed to improve the calculation
accuracy. A dynamic correction scheme is described to adjust load-shedding amount of each steps according to change
rate of frequency derivative, to fully utilize the self-recovery capacity of system frequency. Simulation based on IEEE

39-bus system shows that the new strategy could reduce the load shedding amount and improve frequency recovery

process, in which both the reliability and economy are taken into consideration.
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Fig. 1 Frequency characteristic curve of loads
LPREN A, g K BOR, A DR

AT AR o DAIHCRIOL G DI BR K B/ fgar s
K BRI IR T 5 BERGAEAIR R BRI 72



-50- CE R R R EEL

Pawillas Rk ST RN SN N ik S U R E]
ME, A B Tl A1l D 2 F PR P 32 AR A2
2.2 ZEDHABY-BEFEMZN

TR P-V IR T A -t R R, AR T
RIS AN A L S5 T A ks A
B 2 m] bt E AR A DN, R T R

WA RGRUL, AR 2E LA TC D) H )
(IR, 1o K R B s A G . W AR IE T
WAL, PR TSR AR TR, s
WD 1% B RAT 0.8%~2%,  HL T PRAK £33/ b 4t
ﬁﬁwWWE,MﬁﬁﬁﬁT%@mEWﬁo

U

UH

P

2 A P-V i phsk

Fig. 2 P-V characteristic curve of nodes
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Table 1 Calculation of load-shedding contribution factor
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Fig. 3 System frequency variation at generator-tripping moment
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Table 2 Frequency change rate of each steps and its gradient
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Table 3 Comparison of dynamic correction effect

A VAR Y] S g
EWIE S AR TT %

i i 15% 7.31%
g Bt 15% 12.72%
E oty 20% 19.36%
Ey 20% 14.00%
J& % 30% 29.54%

A 100% 82.93%

H 3 I, W HLEh A T L ST &,
B B 17.07%, #24 T2 351.73
MW [ ShPIbR &, U T AT s &1 1E
TG RE 7070 RAE R G AR AR Re 1, i KIE
FE g bk i, PR AR

Y SL AT TR e 1S By VA = A SRR
PR, B3R 3 IR RIAT RN . TR 1A



2, AF

BT WAMS (1) H & AR ) 25 Ak Sk - 53 -

G IERATT R, FEARSR IR DTk R 7ok A i
R T2 LG, AR S S Ll
KATBLIRE -« W7 LI AR AR e A ih 2
Kl 5 Fs.

— MM, UFLS ) 8 n] 34 kil i 5@ 4 it
b, FER R LRRL A AT i 3 55 vp 1) f e
Biokam b, BRI ™. Rzt i R 4
P2z IR EE R + 0.2 Hz, NAER RSN R
+0.5 Hz [0 22 BRAE; AR A I F P Rl A
B, CLRsE it bl A ORIE K ) S R
IBAT, BFEALT 47.5 Hz (T AGEE 0.5 s

50.2
X:48
¥:49.95] |

50.0

498
49.6
494
492

ARG R OIE Hz

49.0

48.8 X:17.74
Y:48.82

48.6

0 5 10 15 20 25 30 35 40 45 50
DRI s
5 SRERFAEWE Hx bt

Fig. 5 Comparison of frequency stability recovery curve

HE S A H 5% 1 REE PRk S %48 e
HAGEWE 204 40.2 s Al 44.5 s; £F 36.1~
39.98 s PN, 55 2 (PSR, Ui IR R T
AR ST D) AR RTI, RE TR
AFREN BT T E 2, HILE SRR
48.82 Hz, =i THUEM 47.5 Hzo 1B S48 Bh 1
Jii s PIJT R I RGASEINZSY 0 0 49.87 Hz A1 49.98
Hz, HEREMRZ bR ZAHICN 0.22 %, HI7ES Y
Jii AR H R G AR PR AR R R A A K R &
50 Hz, M1 FEAR S s il v iy S AR o o

B 57 YR R W ) SR AN T B ey, SN Y
ZRERNH TS S AP E S —, LSSV
TR WS LS AN EAAR A R GRS IR |,
[F) B s 95 DR Rk A Tt 11 22 /D TR B M B 80R
AR, TR mNT ISR 2, WK 6
OB ORI 0P & e a1 I SIDREN: %=y INES il dprin
Bk e R S IR RS T IR, WA TRY 5))
VEMIPREEER o B 7 R Rk 2 el FE 34
S A A R AR ST YA e D G = T 1 )
Z 1 SN TE BEME LS G I S A T SR sk, wT
DL/ N IR A R ST T G bk RS

5 ££ip

WO AT A S Tl 52 SR He B A AL
S WAL IR P e BRI S A e vy FEE 2 5 i P RE A
ZRETE, ASCR R T WAMS 1) E 3 W 2
FEME BB LA TT 12 AR B 5K

IR TERDRE ) Sl s R R R AT 4G
RAFFIAEHIINAE, 25 8 21 F s 5 PR 300 Tl AR At
RS ARSI ESR iy At SR E . 1 ARG A 1k
RNRETT, AR B AR B3 8 1E
PRI, Kb B SR BRI 2 5. A2
7 RE I FE PRI 3T T ARSI R P IR PR 2
AR RSV Ty BRI 2, KA
TR 1.

H T AR Al a0, ASCHTR A Y 5
O O St D AR A ORGSR 2 T B g
i, AR RSE BRI LR A IS 2R . X RS
TVER TR T FEEATUINUERAE IRk A
AN SE W 7 p ROEFE T S8R 22, (2
U ReIl 2 TR BE R . 7EWG S IR ARAS Sk
ZPRT,  HENIREEN B VU SRS AN AT K
FERAR R o i, e e i e R GE IR TT
WURFE W BOR,  BEA SEBR IR IR P il
A S 2% WARE, ASOEFETE T
TEMARRNFE G, vt & 599 5 TN 5 1
3 AT R P ABRT o 97 42 il ) ARG PP 55, 5
Rk — W9
Sk
(1] o ARG 55 5.t 22 4 S0 b o )

AL 4B [EB/OL]. [2011-07-15]. Http://www.gov.cn/

zwgk/2011-07/15/content_1906887.html.

(2] ARSI, AEeM, WU Q H, 5. & PRSI D) b iy
YOI RIPEA[T]. W3 R S8 3k, 2009, 33(9):
100-107.

XUE Yusheng, REN Xiancheng, WU Q H, et al. A review

on optimization and coordination of under frequency/voltage

load shedding[J]. Automation of Electric Power Systems,

2009, 33(9): 100-107.

(3] ReAMR, AR, FIZR. oF B A AR L AR A
AT ZWEFUI]. P E LT R AR, 2005, 25(19):
48-51.

XIONG Xiaofu, ZHOU Yongzhong, ZHOU Jiaqi. Study

of under-frequency load shedding scheme based on load

frequency characteristic[J]. Proceedings of the CSEE,

2005, 25(19): 48-51.

(4]  FEmRA. BT 800 = (WAMS) A SR BT 5T [D].



_54 -

&) &GS

(5]

(6]

(7]

(8]

[9]

(10]

(11]

BB BRI, 2006.

GUO Xiaodong. WAMS-based under-frequency load
shedding research[D]. Wuhan: Huazhong University of
Science & Technology, 2006.

e E 5, RIRIK, YR, BE T LR BUE AN 3] 4
RS A (7). B R S0, 2011, 39(21):
70-75.

HOU Wangbin, LIU Tianqi, LI Xingyuan. Under frequency
load shedding based on comprehensive weight and wide
area measurement system[J]. Power System Protection
and Control, 2011, 39(21): 70-75.

RUDEZ U, MIHALIC R. Monitoring the first frequency
derivative to improve adaptive under-frequency load-
shedding schemes[J]. IEEE Transactions on Power
Systems, 2011, 26(2): 839-846.

BT, PR, WER, AR SR I R S AR AT
B[] ARG R H R, 2015, 43(1):
55-60.

FAN Yanfang, ZHONG Xian, CHANG Xiqgiang, et al.
Research of the UFLS under the frequency characteristics
of temporal and spatial distribution[J]. Power System
Protection and Control, 2015, 43(1): 55-60.

VERE, ORIGeES, Hilas, & BRI E MEGEN
AR S AR AL, B RS A8k, 2012,
36(6): 17-22.

WANG Zhen, SONG Xiaozhe, GAN Deqgiang, et al. A
parameter optimization model of under-frequency load
shedding considering frequency recovery performance[J].
Automation of Electric Power Systems, 2012, 36(6):
17-22.

Uk, BN, MR, A JE TR B I B S
FMSHIE[T]. EMEER, 2013, 37(3): 821-826.

LI Lin, LUO Jianbo, ZHOU Xia, et al. Risk management-
based drafting of overload load shedding strategy[J].
Power System Technology, 2013, 37(3): 821-826.
skiRgs, BT, BB, G ORT I RE R LREH
TR L (R 0 FE A BRI PR J]. WU R 48 A B,
1995, 19(9): 60-64.

ZHANG Baohui, KANG Xiaoning, YUAN Yue, et al. A
proposal concerning the fundamental criteria of control
equipment for power system stability[J]. Automation of
Electric Power Systems, 1995, 19(9): 60-64.

REL, AT, PG, S KA I R i v
AR E LR 3. B R4 A8k, 2003,
27(4): 57-61.

YU Zhiwen, BAI Xuefeng, GUO Zhizhong, et al. Probe
on the transient stability control method for heavily stressed

transmission network[J]. Automation of Electric Power

(12]

(13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

Systems, 2003, 27(4): 57-61.

SIS, AR, EANE, S8 BT RO RE T HTH) B
IEMNAGHR R[], W RGP Sid], 2014, 42(6):
20-25.

BAI Dandan, HE Jinghan, WANG Xiaojun, et al. Adaptive
UFLS scheme based on grey correlation analysis[J].
Power System Protection and Control, 2014, 42(6):
20-25.

DL755-2001 HL /) RGe 2 A heuE FII[S]. dbat: P
J1 HikitAL, 2001.

TIeAT, FRAREE. I R ARE DT IR AR e gt 1 T].
Hp E FHL T RE253R, 2004, 24(3): 72-76.

YU Daren, GUO Yufeng. The online estimate of primary
frequency control ability in electric power system[J].
Proceedings of the CSEE, 2004, 24(3): 72-76.

JAXGE, K&, T, 55 W RGHISEENE &
HzfiM]. dbst: R g R, 2004,

PERBR, AN, WK, 5 GE IR
S B SR AT SR AN ARS8 A sk,
2010, 34(5): 24-28.

HOU Yugiang, FANG Yongjie, YANG Weidong, et al. A
new method of automatic load shedding control based on
the voltage and frequency dynamic interaction[J].
Automation of Electric Power Systems, 2010, 34(5):
24-28.

R, BR, Sk, 55 LT PV 2R AR
BTEI] MR, 2008, 32(23): 26-34.

HUANG Bin, ZHAO Liang, MA Shiying, et al. Under
voltage load shedding configuration based on PV curve[J].
Power System Technology, 2008, 32(23): 26-34.
RGBT R I RN R SR IM]. B
HE L) HRRRE, 2007: 141-175.

Mrddk. W) RS H SRR R ILM]. bt hEE
HiRRAL, 1995.

ANDERSON P M, FOUAD A A. Power system control
and stability[M]. Piscataway: IEEE Press Wiley-Interscience,
2003: 53-80.

5 HEA: 2015-07-30;

& AHF: 2015-10-20

1EEEN:

% }llﬁ(1993_)7 %7 Eﬁi:}-‘fﬁ%i7 ﬁﬁ%j—@%ﬂ%éﬁ

Z475424]; E-mail: piaocool007@163.com

BESR(1975), 4, @AEEH, 4, ladt, MR

eI AW ) AT 5454%); B-mail: gfliao@whu.edu.cn

A& (1953-), ¥, 4, g, HEAFE, HL
FEARH RGN I

WA %K., E-mail:

dcliu@whu.edu.cn

(%4t B HeHm)



