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A fast predictive algorithm for power system post disturbances steady frequency

ZHAO Qian-qgian, WANG Xiao-ru
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The accuracy and complexity of power system frequency stability analysis direct methods based on the WAMS (wide area
measurement system) are studied, and a fast predictive algorithm for power system post disturbances steady frequency is
proposed. The power system simulation software PSS/E is used to simulate the IEEE’s 50-generator modified test system. The
impacts of different load models on power system post disturbances steady frequency are compared. The proposed fast algorithm is
achieved by using the Monte Carlo method. WAMS data right after disturbances is used to fast predict the steady frequency. System
steady frequency by prediction is quite close to the steady frequency by PSS/E simulation. The results prove that the proposed fast
algorithm has fast resolving speed and high accuracy.

Key words: power system; frequency stability; wide-area measurement system (WAMS); direct method; Monte Carlo method
S TM71 SCERbRIRIE: A

VRS 1674-3415(2011)01-0072-06

0 33

W JEH ) RGBT —INE SR, Si%ts
FESETRUEHL ) RS A Fa g 1sAT A PR i) . 4
ARG BN G YRR, SR g R, ™
N A RE D AR RS R EO S . ERANT
12 N AR A o ) R G e Asoe i B i
IR, (SR 2 R Gl (X T A i TN
AR AT AE KA B s AT S 08 i, [
B, PREOR R HL TN RSP G RS AIE, X T
il e B 2 P SR A i B T EE R .
HL ) RGNS E AT I B HAE AT ElAT B 2R
g5, EAHERT LHRE R 73R, A RSRE &R S nik
e, i AQEs Bk 15 KRG BN G ARSI
KOO P R4 (Wide Area  Measurement

HEWB: BRAAFFLAEERALITRIFAB (90610026)

System, WAMS) LA[FZAH & AR N LA, b
H1 ) RGBS RS I B R R A R
SRS, SCRR[81/E SCHR[6- TR B, S5 T
BCERDIECAR, RIS i W ) 0 ) 3 s kvt
SORERT LEARRE, AT PO Y R SR AEHR BN IS I AR A A
K, AHRZFEEPAT AR ERIA A
AFRIE, AWERE . SCHROTHL I B A AL AR
TR MR RIS, MR T W RIEAD R
SRR IR, S T AR A TN R R, A
ML AR SR T 772, RIS G bR R 58
BEMEGE, THEH RS S RRSE, (B2
TS RAE R ARSI Jy R B 75 B4 T R RN ASE
FERFIZS, AR

ARSCNERS FO0 R T e W 1 ) R G
R A3 AT ELFEAE RS B R S 2% B 7 AT T R LG 43
o AESEHERS B SCHRO1 - A A PR U 5 RE i AT
ek, 4R — M R GRS N PO . 7R



AP, A

HLD AR IR B) e RS IR TR DR §73 -73 -

IEEES0 ALtk il 22 88 LA 6k AN ] f 4 iy 455 280 33k
1T T EARE . #E4T FORTRAN Zifs, il 524
VSRR T T s PO S, K T i AR S
M5 PSS/E j HAF BTSSR AT T s

| BN RGAERESHE L
RGO IR o, 52 X0,

a)sys=Zn:(Hia)i) Zn:H,. (D
P im1

R H, o SR A R AHL BN T %
I n RGN
11 MR THERZA

R R AR BR ORI, BV =V 26, T
RIENIZHRITREN -

P = ViZn:Vj(Gij cosf, + B, sind,)

i (2)

0= szVj(Gij sing, — B, cosd,)

Jj=1

BV PR AN O TR EN= W A< S BEIY 1/ v PI P WANSP) B2 S AN
VoI RS RIS 0, =60, -6, J i aii
JZIARA % G, B, AT RS AN TR

SRR n o RGC RL
S (2) KR, SWBIE LR,
[AP}z_[H'N1[ AO } .
AQ J L AV]V

K AP AQ RGNS e ik 18] 2RSS I 1A 2h
FLIFEANDZEI T AG AV/V Ry W R AR

st | ) | AR RS T

XXM, HOTRMEMRIEIS) A 5 H K R 5
J IR A 1 R AR

R A= K HULS sl A0 A7 4 4 K 2y 3
TR (3D, B AT 1 e AR KA R
13225 R G AR T 7 # -

Hg Ng -K; A6 “ TG0
H,_ N/ —51‘1/5(0 AV]_/VL = 0 4>
J. L -00 Jow| Aw 0
Niy =Ny, =0k, [V, [V}) (5)
L£17 :LL/'/' _aQ///(aVIJ/V;J) (6)

A NARG L3 AR R ALY ORISR A5 A
A AV [V, v Ao AFFRARENE, HHlRRRS
Pzl o 1k () B FSAS I 157 s AR F HS MR A
RGP K R LI I 5 2800 5

e P RS R RN I,
BRI ARG Ny L LN N, L L PRGN
L, W G018 21 B A R 5 R
1.2 H AR T RO B E

U L LB A AR, BV, = e, + i,
W ETE AT TN
P=¢(Ge,~Bf )+ 3G, 1, + Be)

J'=nl j:' @)

0 = ﬁZ(ijef —B, /)~ eiZ(ijfj +Bye;)

Kf: By O N R A RETIEA LIS e
SRR SRR G, v B AT RN
HIPETCER SRS n ARG AL
XT PV A, R AE D B,
Vi=el+ f? ®)
XA (D A (®) RIGE, ARG E AR T
Wi AT R, S IE Tk

S,
F(AX)

{X‘Z]?F’ ]Lq[i/;} RAX) 9)
avi] LR S Fyp(AX)

AF: AP AQ R AV 435k 2G4k 8) Ja e 0] 1) F
AEPAE D). CIEANDPRE SRR, Af .

H N
Mﬁ%ﬁ@%ﬁi%ﬁ%{JﬁEEﬁ%ﬁﬁ
R S

W7 RE P RS BUAR R AR I s UsE e ), TRl
WRIEPEBN 5 Wk R R 2R ) Sl i 4 519 e
FFESR Y F(AX) NRT AX I B BL AT .

RS IR R LAY S A S e R D
TN (9), B RE AT (1 He AR KA
13 3R 5 R G Ra AT 5 A2y <

H, N, -Kg
N R Fox) 1 r_p
H N/ —% Af F.(AX) o

80 Ae |- : = 0
’ ! L .
o B A RLen) DO
R S 0
(10>
Hﬁ.z‘/:HLz/_aPz;/aﬁ; (1D
NI:/[/' :NLji _a})lj/aez,' 12>
Sl =Jy; =00, /9, 13>

LI:I.'I' = LLjf - aQ[/ / ae(/ (14



_74 - HEREP DR

A NARG Loy BRI s R G 1 R
Af v Aev Ao WFERARME, 750FRRRGEHD)
S ok () B FSAS I 70 5 R R R SR R 4
LTESINE L h P GRS AN IR ST R SV ¢
P R FHEDL ) G B R I A, ) e
MRS, H o N« J « LLAH, « N+ J,
L FITCER Hy « Ny Jy~ Ly AT R
B 172 o D R Sy VA S S E
1.3 FFEERBEIT LD

WRAAAR T IR A i HEE T, X RS
RUZETT AT BRI R e, 13 203 & TR
X (3), WETFEPEEBI T AP . AQ T IR K&
LA BRI, LURIAR AR bR V55 A (0 AT LR R
TEAXSAU— B =k T Xk b R 2 A Tl g F =X
(4), AR5

HAAERR N (AR A8 R 23 BT B (M R s A
R (100 A ESEAMRFERSE R
W TR T R R T R A3 B 2Rk A ], AR
A AR R R A ek T, ok
W TR T R RIS, F(X) R X =5
HoEHEEL U B SEChE, [ F(AX) AV
TrAX T B I, T LA A ARAR R I IR
R RE R E T At — M ik, "A&
PR EAAC R, A AT, R e A R
(RS T 5 R (10) 2 — ANk &AL,
WAL
1.4 WMAEENEREN LT

BoE KRG n A, Hom APV AL 1
ANSPHTA BT SRS A ), W PQ Y Sk n—m—1.

WAL BR T ARy fE X () o, 5
M5 O S S5 SRR IR R AR £ A
A, BUERFIEACFE P S A0 FI AV YV, H
Bn— MR Ao, FIETTREEL (4) R ECR
PR 2n—m—1, KE—DEH2n-m-11K
R 2 T FR AL

EAMSR N eSS iy #2K (1o)
RINBALFE AT 550 Af F Ae, {HEEII—AN K
A Ao, F(AX) 2 AX ks, =X (10) 2
— I 2n - VA ARENE AR L T R4

b, WRYEE SRR N EI IR B R
FIOL K (10) P F(AX) MRS F(X) B 5
2AHME, B

F(AX)=AX"J.AX (15)

Xt i=2n-1;AX =[Af, A, AL AL A,
Ae,Ae,,+ Ae,,0,Ae,, > Ae 1", AX' . AX 433

s+12

MIx2n < 2nxVHERENE: J, 8 20 x 2n H FRELSEN
TR R

B E3R 73 HrmT g, it (100 EEEb X (4)
Z A 2n—1 IR (1x2n) x (2n x 2n) x (2n x 1) Y& 56 BF %
e, H:

{(8713 —2n)Ik — FeyFHs

8n® —4n® —2n+ 1)K — LB H.

T —ANHEA 100 M R RGKYL, AN T
HEAT 7999 800 KIEIZEL . 7959 801 K INiZia 5 s
TE ARG FESE ISR P R b, IR RE R RIRBE ) ey 4
pisl e R N N IR EE T M NS
G AR SHERT LA A, Nk, HAM
b B N R R B v T AR bR B

2 BARFHHRIESIMBRNIRERE

2.1 MARTRTSIRR TN RIER E %

XFR (100, FHER|AXT R AX 1R B,
FURHRE TCRAIA) s, 2 (9 R AR R 0 3R 1 S
RV R S0 ) S ) R R WA AT A R A P R
RS AR R T T O RAR ] (R, R TR 1.4
TR RS, KU 10 BIF, #ETH FAX)
it

F(AX) HIOAT Diik sy, F, (AX)=AX"J, AX,
Horp g, AT DIEN 5 R T,
i =1,2,-,n, BIAT n ANTTHE

M, =1,2,---,nHi, #s 1, BIER-PAG 1 AN
TR A DR > FRIE AT LLE O -

F(AX)=AX"J, AX =

AﬂZ(&%+M@H
=

j¢xilj¢i (17)
Ae, Y (Ae,G,—AfB,)+

=1

(16>

JEsHj=i
AelzG” +A]{l"2Gii
Arbe i ARG ERPHT T RN R A
%ﬁ%; i:1,2,"‘,nﬂ_i¢3 H j=1,2,"',}’l,j¢SE_j¢i °
i, =s I, BISPHEY R0 Dhil oy ik An)
LLE A
F,_(AX)=0 (18)
F(AX) THIEYRESY, F, (AX)=AX"J, AX
Hrp I hJCDE N IR 7 RE ) I, R R
io =12, ,n—m—1, WG n-m-11T7H,



HLD AR IR B) e RS IR TR DR §73 -75 -

F (AX)=AX"J, AX =

A D (Ae,Gy—A,B;) -
=
JrsHj#i ( 19)

Ae, 2 (Ae;B;+Af,G)) -

Jj=1
jesHj=i

AeizBii _AfizBii
KX i RSP PQ WA T
j=12,n,jzsHj#io

F(AX) RIS, F (AX)=AX"J, AX
Horba, S B R R AL R i g, HERE
iy =1,2,--,m, B m ANITRE. I SE DR BT Al
RS RN, S O N 3G TR
A IR MR A BT

F (AX)=AX"J, AX =
Ae’ +Af?

KX, i MRS PV AT .

Bt (17) ~ 20D MEHE MR FIFRRE
IINT HEAFASAARE T 7 R (10D v F(AX) 38
gy, ARG T SR, A2 (15 B2n-1
W (x2n)x (2nx 2n) x (2n x 1) 4ExEFEERe, HF4E
R A P S S R ) ) R RSO RN R
SYEEREICE, RIAT ST AN IR T T
2.2 E5F%E

AR SRR IR SR A i i 3 R AR AR
TR (10D, X (100 s — R R4 .
KARAG M TR AGVF 2 BT, e B 2
PEA T BRI SR R B METT 1 SRR —
5B A AR X N, 8 TR
IOECE I — AN 3, SLAFS R ) RS ] 43 S P
KA, — T2 ) A 5 SEBEHLE) s Sy — ot ) A
SR T s, (H ] DU AR e e BE AL
A et i Bt AL I R ) B8 A R S AT R B8 TR PR T
7, FIHBENUBR kv, SKgARSe T R4l
JETH MR, SR RKERA S, W &
SRR Bt S50 T o Ath S At A e 7 R A I U 7 v
[PARE R, B LI AT RO RS BE SR, HANZ AR
M AR L,

X T ARG TTRRA f(x,x,,x,) =0, Hrf
i=1,2,-n o RHFRFRIEZRMEARZM R4 —
SR R R R

RS E SN WS SR
X:(xpxza"'axn)T’ j'JF‘H‘ﬁ*%@%&{EE):"F", jﬁ

(20

W—Ab>0, 16[-b,b] L= AL
B (.1, o ST REABEHLEL (5,0, 1,) THE
(x5, 47,5, + 1y, x, +1) IR R EE F, H BT
F<F, WN%x =x+r(i=12,-n), F,=F.
S m A BN AR F, < F,, Wb
RS IEAT. R FRER, BB F <e Mk,
BB I B X = (x50 x,)" BN AR S 1 7 R A
Fi(x,%,,x,) =0 [ 5AR

KM IR SR Rk kg (100 I, SERL—
OB RTS8 AR D SR AR — IR S T 1R
HMHME X s BT K ETRNRCER A ¢
PORSHRRE, ESLIRAN b, AU BCE SR RIs VRl
O ERX F] [-b,b] » AITTAERC KL B4R/ x, 1)
WEVG L, PREE TSR PRI o KA HH 50 f ik 1)
FIRAIPHRIG & Ao J5, 4567 BRI R G t
RIS 5 I ) R ., AT R GEAE S
JEMRSHHREA 0, = Ao+ o, -

3 BEHISHR

3.1 fFERS%

W A A T 1) R A A Tk Sk T
IEEES0 ML 22 45, A A PSS/E HLALE A1)
WAFHAT O BT 5. %R0 SCHR[18]3e 4k, o
145 ‘5 REZE &Pl RESE, 1H BH BT a7 BT o LE A A
5.02%, HARVEEIIFES ST IEEESO HLAGHEMNR
RN 500 kV FELLEWE 1 iR,

33 25 7 :
110

|
Py v

117 124

1 IEEE50 #lest MK R GTRY 500 kV E L[
Fig.1 One line diagram of major 500 kV lines in the IEEE’s
50-generator modified test system

3.2 {FEHE

0 s IF2RIM 1-25 AEBEZR 1 iy 1Ak A = AH %
b, TSRS, 7E 0.15 s BDIRRZ MRk s,
H ] e IS L R AR AR A IEFEAE 0.18 s TIBR 93
SR iR REEAR A TR
AN A E 2 Pros, 3G RS IZARK X
J& 58.323 Hz. 58.156 Hz. 57.906 Hz #l1 57.875 Hz.



-76 - HEREP DR

2 RFIRMEFOINE thk
Fig.2 System frequency curve of COI

3.3 (HEHR
53 IR R AR bR BLHE AN B AR A bR B
RGN M BEN TR ERSHE, 5
PSS/E (i HAF BRSSP LLEL, SRR 1 JioR.
1 INERESITENRRRSME
Tab.1 System steady frequencies after trip generator by

simulation and calculation

- ; TR
AR PSS/E fjj FL45 4 — —
WARRR B E AR bR BB
100% 15 BBt 71 faf 58.323 Hz 58.484 Hz 58.420 Hz
100% 15 HL 7% 471 faf 58.156 Hz 58.166 Hz 58.158 Hz
JiR ZR 55 A7 A A TR 57.906 Hz 57.810 Hz 57.842 Hz
100%1H Hj 2 5 fif 57.875 Hz 57.640 Hz 57.667 Hz

AR 1 WTLUE N, B EEE I SRS
Bm T AR H B, R B AR HEETH A W
(PRSI B 0 TS ) FLAS B ) 45 R o

I AR SCARE RS S0 FROM PR Sy i) 4
AR LB AR AR Ty 4L, YIRS
Rk, JEid FORTRAN gifscblsisk, &
VERE P RARIEAT I RIS EL W3R 2 . THEALACE
73 Intel Core CPU T2300 1.66 GHz.

=2 BAREFERTSITRE

Tab.2 The whole operation time of the algorithm programs

LR SV Py SEARIEAT I 1)
» ORI HMAR N
G AR EL AR - S s
\ PRk HH i
Hk : s
ik

100% 15 B 51 fif 58.420 Hz 92.50000s  0.437500s
100% 15 HL 375 11 i 58.158 Hz 91.78125s  0.421875s
A R AT 57.842 Hz 56.87500s  0.296 875 s
100%1E T 2 4 i 57.667 Hz 55.921838s  0.281250s

HIe2 ) LAt A SCHR Y (1 RS A Tl pe it
SEE T LUK D AR e B A Is SN ), 8%
KA. KGR o

4 &g

ELAARKR N AR AR E 70 BRI 1 ) AR
AR = WG, R EEAE S bR N H I 5
AW . AT H AR HREIR I T
ARG B R A A WU e, B AT
FORTRAN #ife, MR SHFRIsARM <L T prik
HH PR o PRI AN BE DR K i LA AR AR
EHERI RS L, Ty HSR A L IR AN[A 47
AR R IR IEEESO ALCSCEN ik 28 4 i) 17 a6 45
RABUEW] 73X — Rl JEIEASCER A s RS E)
Jr RS A AR IREI PR 3k R HE i 0L 2R e 450
JE RS, FEIERER ERE AN 5 K R SERET
IEFISAT, AR AR IO 45 SR ) 5 & 18 1) 5 S gzl
S, DMRIER ) RGN 2 2R0Eistr, Pz
PRSI E PR g ekttt 5 E
R A E R X
Sk
(1] BR@l, S2275, A&, W01 REMIUREHTT S

MK ET]. 4kH%%, 2007, 35(14): 79-82

CHEN Jun-shan, HONG Lan-xiu, ZHENG Zhi-yuan.

Investigation and application of under-frequency loading

shedding[J]. Relay, 2007, 35(14): 79-82.

[2] Anderson P M, Mirheydar M. An adaptive method for
setting underfrequency load shedding relays[J]. IEEE
Trans on Power Systems, 1992, 7(2): 647-655.

(31 FE/AMR, JHARY, FISR . T R S B A R P PR (A
WA TT ZVEF]. R AL CRE AR, 2005, 25(19):
48-51.

XIONG Xiao-fu, ZHOU Yong-zhong, ZHOU Jia-qi.

Study of underfrequency load shedding scheme based on

load frequency characteristics[J]. Proceedings of the

CSEE, 2005, 25(19): 48-51.

(4] ZEFME. By Ik ) ARG I I R 2],
H AL e, 2002, 22(4): 1-4.

YUAN Ji-xiu. Emergency control for preventing

frequency collapse of power system[J]. Electric Power

Automation Equipment, 2002, 22(4): 1-4.

(6]  EHHE, W& HIRRGCHEBTT RIR D] 450
A, 2002, 30(2): 6-9.

WANG Xin-chao, HU Jie. A new load shedding scheme

for limiting underfrequency[J]. Relay, 2002, 30(2): 6-9.
(6] 2550, 44, W) RO LA S ).

W R4 A ENMk, 1998, 22(10): 23-25.

LI Xiu-qing, CAI Ze-xiang. An optimal algorithm of



AP, A

HLD AR IR B) e RS IR TR DR §73 -77 -

underfrequency load shedding in power system[J].
Automation of Electric Power Systems, 1998, 22(10):
23-25.

(7] BRFE, 1RET, hut. B RGEMBRESITNE

B[, ARG KL A ER, 1999, 11(5-6):
13-17.
CAI Ze-xiang, XU Zhi-yong, SHEN Hong. A direct
method for frequency stability analysis of power
system[J]. Proceedings of the CSU-EPSA, 1999, 11(5-6):
13-17.

(8] gk, Emean, BEM. BT Sl A b &

2 B s V) S B 2 ISEAD] RMEER, 2009, 33(3):
69-73.
ZHANG Wei, WANG Xiao-ru, LIAO Guo-dong.
Automatic load shedding emergency control algorithm of
power system based on wide-area measurement data[J].
Power System Technology, 2009, 33(3): 69-73.

(9]  TEweEh, bodp, Xvi k. M REGEHS) ERSMEM

B R Bk I, o R G K BBl E R, 2010,
22(4): 1-5.
WANG Xiao-ru, RUAN Zheng, LIU Ke-tian.
Improvement of direct predictive algorithm of power
system  steady frequency after disturbances[J].
Proceedings of the CSU-EPSA, 2010, 22(4): 1-5.

[10] 75k, 229, Hamag, & ) e R/ ) RS

Iy BT B A I R SRR 7], FECAR, 2005, 29(10):
46-52.
CHANG Nai-chao, LAN Zhou, GAN De-qiang, et al. A
survey on applications of wide-are measurement system
in power system analysis and control[J]. Power System
Technology, 2005, 29(10): 46-52.

[11] BEEME, ARAR, JIAk=2 4. OCT) 1 R g ) 1

PRSP R G M IFAR[T]. B REG A3, 2007,
31(15): 1-5.
XUE YU-sheng, XU Wei, WANG Qiu-lan, et al. A
review of wide area measurement system and wide area
control system[J]. Automation of Electric Power Systems,
2007, 31(15): 1-5.

[12] T8I, ABER, £307, 55 B RGEHETPMUIRD
BRI NI SRIR[T]. 4k HLAE, 2006, 34(6): 78-84.
DING Jian, BAI Xiao-min, WANG Wen-ping, et al.
Overview of application researches based on
synchronous data measured by PMUs in power System[J].
Relay, 2006, 34(6): 78-84.

[13] Larsson M, Christian R. Predictive frequency stability
control based on wide-area phasor measurements[C].
//IEEE Power Engineering Society Summer Meeting.
Chicago(USA): 2002.

[14] Anderson P M, Fouad A A. Power system control and
stability[M]. Piscataway, N J IEEE Press: Wiley-
Interscience, 2003.

[15] FEuLAE. W0 R G E A ALFREIR — OO PR R A
K] BN CRESR, 1996, 16(3): 211-213.
CHENG Hao-zhong. A novel quadratic formulation of
load flow equations in rectangular coordinates[J].
Proceedings of the CSEE, 1996, 16(3): 211-213.

[(16] FRATHE, BRAGHD, IE. @i Mg oM. dba:
TR AT, 2007.

ZHANG Bo-ming, CHEN Shou-sun, YAN Zheng.
Advanced power system analysis[M]. Beijing: Tsinghua
University Press, 2007.

[17] Fishman G. Monte Carlo: concepts, algorithms, and
applications[M]. Springer, 1999.

[18] Thorp J S, Wang X R, Hopkinson K M, et al. Agent
technology applied to the protection of power systems,
chapter 7 of the book: autonomous systems and

intelligent agents in power system control and

operation[M]. Christian R, edited. Springer, 2003.

YFS HER: 2010-01-13;
EH &N

REHH (1986-), %, ML, AT O ALHZ
%4245 45 %); E-mail: zhaoqq 0921@163.com

FBRde (1962-), %, iR, WHEAFIF, LE2RFE
7 B GARIY Fe g oA T A2 ) T ok A SRR T @eg
55rs 1A%,

{&E A #3: 2010-04-09

(&% 71 R
[13] Chung CY, Wang KW, Cheng C K, et al. Machine and

load modeling in large scale power industries[J]. IEEE

continued from page 71 )

Industry Applications Society, 1998: 7-15.

[14] Wang K W, Chung C Y, Tse C T, et al. Multi-machine
eigenvalue sensitivities of power system parameters[J].
IEEE Transactions on Power Systems, 2000, 15 (2):
741-747.

g BE: 2010-01-08;
EEE N

EAA (1984-), B, MEARAL, TEHRT O HE
N EZGAER M 544, E-mail: lexiao2008@163.com

I AKX (1964-), F, i+, #ik, MEAFIF, £ 2
R 77 6 A 0 ) RG AL AT 54246,

B & (1984-), F, MEHMRE, TE2HAFTEHE
H R G AR AT HIEH.

f&[E HH#A: 2010-04-06



