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ABSTRACT: Low frequency oscillation is extremely harmful
to power system security. Load is an important constituent of
power system, thus it is significant to analyze the effect on load
model on system damping. A method of analyzing the effect of
load model on system damping by eigenvalue sensitivity is
proposed. Based on the analytical sensitivity expression of
system eigenvalue to load model parameters, the analytical
sensitivity expression of damping ration and oscillation
frequency on load model parameters is deduced. The difficulty
of analyzing the damping of multi-machine system by damping
torque method can be avoided by the proposed method, and in
this way the effect of load model on system damping can be
focused to specific parameters, thus the problem that how load
model influences system damping is solved. The effectiveness
of the proposed method is verified by analysis results of the
effect of synthetical load model on system damping in typical
two-area four-machine system.

KEY WORDS: load model; eigenvalue; damping analysis;
sensitivity calculation

E: RGN D RGUENEFENR, e R4
() T ZEAL G 23, DR A 7 e R AR 0T AR G R 5 i LAY
B S B 1A R R B DA BT 0 T R 4t
BELJE REMAIR) T3 i 2T R GURF AL AN T2 2 ) RABUE i
Ak, 3 LIS PO AN i A4 0 A 20 2 B 1) SR A fi
2o WTFERETT 132 HIBLJE FAE M 2 HLAR SR i X
AL, JF TS AT 0T R SR JE 4 5 E AL AE R AR 2 5L
s R T AR R T S AR SRR X L I S
2 X3 A4 WU R GE P 25 DA A0t SRR 1R, 36

EEWMBE: ExAARR#EELH (50707009).
Project Supported by National Natural Science Foundation of China
(50707009).

UE T T 18 %k
SRR, AHON, R RN AT
0 31

TR, B ML, R & L5
ARA, W RGBERfEFRAR . BRRGEK
Wi LG AR 2 5 LR I I 4 2R, (HC R
Je Jik i3 4 DN 2% S T kR 7R SRR P T
AT T B R g, i i KA R
TEAL RS 73 HOASERY PR VA 0 0 R 48 B A ARE S
s AR, DRI 9 T B % 3R S BLJE 1
A I T

e He LRI ARG I — A RB05 %,
EHR Tl L R G A 3 e B P, AR DUE ] T
HHLRGY, ZHURGMAES . i e
A 2RGS0 — B2 — AL
SR RILE

AN G AL SR AT B IR e A NP B
RO, R B S 5501 R AR 5 0,
HE 3 H BELJE BE AR 35 504 X A58 200 2 M0 1) SR BRURE A
Bk dJEilid ks 2 X3 4 FLR GG ffr i Y
KIS, AT HO R G RE 2wt 0 o

1 ZEHERY N HRE

AL AT W AR 355 i L PR 2800 1%
AN BEATT N E5 5 gy A NS
SR ST (PRI K S5k TR ML SCRR[16-17], Lk



88 ks,

e T AL R ABUE 1 1

A A5

b SN ES AR TWaRER Vol. 35 No. 7

PEA NSRS T RE N

dAE(; ' o
m = q—(X—X YAl 1-(S,AE; +Ej,AS) (1)
dﬁtE = T’[AE +(X =X )AI ]+(30AE +E 0As) (2)
dAs T, -
—2A(1-s,)As—BAs—DE(1-s AS]—
dt 2H[ (1-%) ) ]
—H(EéoAIq+IquEé+Ec§OAId+Id0AEé) €)]
RETTHE N
AUdzAE}JCAM+&Au (@)
AU :AEHJCAI+&AM (5)
(U pr stAU ) (U pyo IysoAU py):
P, (2UpX0AU +2Upyo )+
U,) ()
\/U x0+u 2 \/u x0+u 2
(U pyO stAU )+(U pr ysoAU )—
Q (2u pxoAU xt2U ;,0AU py)+
U
px0 ) 0
By AU,) (D)

\/upxo u,fyO "X'\/u 2 U2,
A ELMNES 2354 N R EIHLIK g Rl A& R sh
A d RSB Ty e T IT R AR AR
B XONFEZE WG X OB a8/ g 295004
d ®iFn q #he PR E: s WEEZEE; To AHEINL
TERIE e N N UREL s H o FE Sl i TR
WHG AL By C. D. E AHUMEEA P 5 AT o
I ZREL Ugs Ug 2000008 d Bile 7 iR 20 50 R0 g e
THRDE; Ry NETHF; Upe Upy 2050k 571 4
WNAERDD e x B s . [RID s y fhir
LAt s ys 23000 K W28 [R] 20 T A AR B 2R T
ZIP HhAs S A RO x Bl s F0 y Bl it Py P
Py Qv Qv QqZrmiMRRIE T fisr . fH AR
B g7 RIS Dl 5 A0 ey (1A D D 26 R0 TG By Dy 2 (1) 451
A

2 FERRHINRHIMEM TR SHRYE

MR 0 AR S g R g 2
o(of 13x)  a(of 1 y)

R0 PR
o(cg/ox) o(egloy) || N

o4 _ op op
op Yo

Ao

A A NRGHH | DMHER: . 54X
MR e R AR ) By p AR S fL g 0l
N ARG PIRSTT A FREOTREAL: Xy 200l &
LIRS 1) TR 5 oflox. offoy 535l h R4
(PR 25 5 R D0 25 1) 2 FAR £ ) 2 1) 52 0
K oflog. ofloy 73l RS ARE T BRI RPIRAS 17
AR ) B 1) i 5 E R R

BET R AR AR N B 28 2 5 1K) R B it Ay AT 4
TR LU AR 5 A2 AR 2 50 ) R v B
WHRFEE N

l=ctjo 9)
W 3 (9) I 2 A PR A2 N B2 2 H5K A 5
A _do, 00 10)
6p 6p op
PR ELIE SN
S — 11
e W
(L) FE gy £
o’ =00+ (12)
e A PR IO AR “%%&jﬁ{ﬁ%ﬂ%
. 2 ow
o _ o(l-¢? ) o £ -
op §|z|
3 010) AN (L3) I 153
04 _ -0’ Re(d410p) + owIm(@4/ op) (14)
op |AF
I 5 AR OB S A1) R AR5k
o _1,
o 2 (—) (15)

mﬁameMLmE%ﬁ%%ﬁﬁﬁﬁﬂé
500 SR AR AT LA e R I X AR 2R 2 B R i
PRI A

ARAT T FILJE AR 35 A504 0 S iy B A 2 50K
FABUE,  BIVR] 3 A G A R ] S AR S B X
Rl e REURE R T ORI (EL 7 ) S R T A A A2
ZUAE € N TRl A 3B 3l I BELJE LA e 3 4 14 1
RAE AR, hy 28 Ge s A5 e I il It i
A S FR AR



35 T CER TR R N 89
3 EBEH9H Fx2 BERMFTERYE
Tab. 2 Eigenvalue sensitivity of parameter R,
1] Neapse X ya
2o 2 XA BUARZEIN S I 1 pras. 2 Ly SHpR)  WUEHC | odop | BemHIEf  oflop
Lo PRAL IR S g K FH 2555 S A Y, TS 40 n 3R 1 0.010 00117  -02193 04945  —0.5978
0.030 -0.013 4 -0.2320 0.494 0 -0.609 8
0.050 -0.0151 -0.2436 0.494 0 -0.6278
0.077 -0.0176 -0.257 3 0.493 8 -0.668 1
0.100 -0.0198 -0.266 3 0.493 6 -0.7110
0.200 -0.0295 -0.268 4 0.491 6 -0.9336
R3 SE X MIFEERE
Tab. 3 Eigenvalue sensitivity of parameter X,
1 2XE4HARGEN SHpX) B allop I aflop
Fig. 1 Structural diagram of 0.050 -0.0200 0.044 6 0.490 0 -1.4488
two-area four-machine system 0.107 -0.0176 0.015 7 0.4938 -1.207 3
1 L0 L A amns 0.200 -0.0105 -0.059 3 0.494 5 -0.794 8
Tab.1 Parameters of the load in L; and Lg 0.300 —0.0146 00742 04847 —0.5953
ZH0 Rdpu  Xdpu  Xw/pu  Rifpu  Xi/pu A B F4 BEX BFEERYE
L, 0.077 0.107 2.22 0.079 0.098 1 0 Tab. 4 EigenVaer SenSitiVity of parameter Xm
Lo 0035 0094 28 0048 0.163 1 0 BH p(Xe)  FUEHC aciop PR f aflop
ZH H Kom Mt P R Q Q 2.22 -0.0176 0.001 4 0.493 8 -0.1000
L, 074 0517 104 0145 0145 -0561 -0.561 2.40 -0.0171 0.0020 0.4927 -0.086 6
Ls 093 0306 1.03 0208 0208 -0.690 -0.690 2.80 -0.016 0 0.0025 0.490 7 -0.065 0
3.20 -0.0150 0.002 6 0.489 1 -0.0505
W% RS R N
ASLBITE % R GBS LERIR 5 A% 0 2535 3.80 -0.0139 0.002 4 0.487 3 -0.0365
T AR TR 2 iR N ,
ﬁﬁﬁ%iﬁéﬁ[Ray Xay Xm, R1, X1, H, A, B] R B, %£5 SR WEEERRE
PRS0, A SO — AN X sk e 9% 4 =0 10 3R B3 Tab.5 Eigenvalue sensitivity of parameter R
AT T . S p(R) RIS aclop PG IR f oflop
ﬁ 29 fi@% T ﬁﬁ*ﬁﬂ%ﬁ\@;&t/ﬂ\:xﬁﬁ% 0.010 0.036 7 —4.058 5 0.5051 -93.768 9
. e - 0.030 0.006 8 -3.7125 0.495 9 -20.216 9
JEHITE ML 3 2 0, FHE L ARG AR R, R A 0.079 -0.0176 13159 04938 -8.0010
BEVSI R S, DRI Ry (K18, BB % ®6 SEXMHEERYE
_ Tab. 6 Eigenvalue sensitivity of parameter X
SRS, SR 2 PSR B R —
X ZH p(X1) 1314 odlop % A f oflop
N2, S }EI
311, 2 Xy 1 0.05 1152 0.107 I, HLHJE L Rk 0.050 -0.0200 0.118 6 0.490 0 —0.644 2
MIEAE, PHJER & Mrsbam, 1 X, i 0.2 34 0.3 0098  -0.0176 0.099 2 04938 04943
B CHLBLCRBUE ) S, BUBENIRSS: il 040 0014 00med0dse0 0313
o . S 0.200 -0.009 1 0.050 9 0.495 0 -0.1200
%/Z;ﬁiﬁ‘]xﬁ&fﬁ*ﬁjﬂ ﬁ{ﬁ ’ %/ﬁ}/ﬁg’lﬂ‘ Iglﬁ% Xa 0.250 -0.007 3 0.019 8 0.4975 0.044 7
3 KA T RAR . 3 4, X R BUE R, £7 SNHWOBTERSE
AR /N, 3 5 57, FHJE L ARG AER ] R, Tab.7 Eigenvalue sensitivity of parameter H
) REUZ I e, BEABEE R 3K, BHJE AR ZYp(H) BB  odep  dREsMLRT  aflep
_ 0.30 -0.0056  -0.0057 0.490 5 0.019 4
AR I B R R, B S g 4k B —
DR BRI, 5K S T SRERER 0.74 ~00176  -0.0045 0.493 8 0.002 4
. £o6p, X\WBHJEB L REE MIE, MFHIE 1.00 ~00226  -00033 04939  —-0.0008
RN 51, BIBEA X, (MK, BELRHS S 130 007 00022 04336 00019
1.50 -0.0287  -0.0017 0.493 2 -0.0021
G, MRy AZS R R, £74, e "
o o . *8 SEHAMBEERSE
XS H RS N e, BEHIREE H 3R, B Tab. 8 Eigenvalue sensitivity of parameter A
Je¥ L. £ 8—9, AL B HIRBUEY SHopR) MUK ogop  RHHEEL  oflap
N, RITAR AR AL IR /N o B A0 M 45 BB AE T 12 0.3 -0.017 4 0.000 3 0.496 7 -0.005 7
0.5 -0.017 2 0.000 1 0.495 8 —0.005 4
3 2SR R 3 8 1 R RE 40 T A
FHBH JE Lt A i‘{fwz/ IS0 AR T 2 40 1 R R 4y BT AR 07 00173 00001 04949 00051
far IR AR G e (A bk 1.0 00176  —0.0003 04938  —0.0045




90 b B TR AL R UL A S RN R e BELJE SEWA IR 0 B T i Vol. 35 No. 7
R9 SEBHBFTEERYE [7] Milanovicj V, Hiskensi A. Effects of load dynamics on power system
Tab.9 Eigenvalue sensitivity of parameter B damping[J]. 1EEE Transactions on Power Systems, 1995, 10(2):
Z¥pB) MBS odep  HHIET  oflp 1022-1028.
00 00176 -0.000 2 04938 -0.0025 [8] Werrshu.)w K. Tr-Ie ef-fect ?f load models on un-stable low-frequency
02 00178 -0.000 2 0493 4 -0.002 4 oscillation -dfampmg in taipower sy.stem experience W/WO power
04 200200 -0.000 2 0.490 0 -0.0023 system stabilizers[J]. IEEE Transactions on Power Systems, 2001,
06 00200  -00002 04900  -00022 160 s PR .
08 00185 00003 04923 00021 [0 il s, gk, . SR RO B AR 0
10 0,018 7 -0.0003 0.492 0 00019 WsER]. ) BBk, 2009, 29(8): 41-45.
Yun Lei, Liu Dichen, Zhang Lin, et al. Influence of load
4 é:él:i'/t\. characteristics on low frequency oscillation in cross-regional power

AL T 38 R A AE 0 A5 70 25 B0 i) R g%

PANBHJE EE, TR 505 0] B 5 R AR 73 A
R AN E P R GTRLE R (535, S T AH
IR R AR AT B 3o 207 8T T I HIFHL e #e
RN 2 WA GBS S DUX — IR, ek T4
H 8 2 KA FCAN A S 1 VL TR P9 AR A I A5 52 i LA
LA R GERJE X — R, 4 5 DR 388 s
R ZHOX — 210, B2 TR R X

S0k

[1]

[2]

[3]

[4]

[5]

(6]

BEENE, RUEMS, XMRE, AF. TR TN VEA].
ARG AL, 2009, 33(3): 1-8.

Xue Yusheng, Hao Sipeng, LiuJunyong, etal. A review of analysis
methods for low-frequency oscillations[J]. Automation of Electric
Power Systems, 2009, 33(3): 1-8(in Chinese).

o, BUCE, EoRAN, . SR SU R S TR USRS [J].
LA, 2006, 30(9): 28-34.

MaJin, He Renmu, Wang Jinggang, etal. Simplified identification
strategy for composite load model parameters[J]. Power System
Technology, 2006, 30(9): 28-34(in Chinese).

D, TRELAK, PR YE, A5, U AR ARE A WA L]
MEA, 2007, 31(4): 1-5.

Tang Yong, Zhang Hongbin, Hou Junxian, etal. Study on essential
principle and methods for load modeling[J] .
Technology, 2007, 31(4): 1-5(in Chinese).
TKAREE, v, AR, A SRR S S RTSOM AR 9]
A, 2007, 31(4): 16-23.

Zhang Dongxia, Tang Yong, Zhang Hongbin, etal. A survey paper

Power System

of application and research of power system load model in power
utilities[J]. Power System Technology, 2007, 31(4): 16-23(in
Chinese).

PO, RATSy, Bk, S N AR 2o 50 E i £ e
S EATVELL]. AR, 2007, 31(4): 59-64.

He Renmu, Xu Yanhui, Ma Jin, et al.
modeling proved by the data recorded during artificial three phases

Measurement-based load

ground tests in the power system[J]. Power System Technology,
2007, 31(4): 59-64(in Chinese).

Kosterev D N, Taylor C W, Mittelstadt W A. Model validation for the
August 10, 1996 WSCC system outage[J]. IEEE Transactions on
Power Systems, 1999, 14(3): 967-979.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

grid[J]. Electric Power Automation Equipment, 2009, 29(8): 41-45(in
Chinese).

Wt B, RN T RS B D R SRR 2> b
[1. Bk %, 2004, 24(1): 34-36.

Yang Yan, Zhao Shugiang, Zhu Hongbo. Analysis of low frequency
oscillation in power system considering load characteristics[J] .
Electric Power Automation Equipment, 2004, 24(1): 34-36(in
Chinese).

Kundur P. Power system stability and control[M]. New York:
McGraw-Hill, 1993: 714-715.

BLUAE, BRARSD, SKERR. Sh& RGN EE M AT M]. JEnt:
TR L, 2002 257-258.

K, RBL, B, 5. FRAEE R TE AT I RGN
THAE TP N HID]. R, 2010, 34(4): 82-87.

Liu Tao, Song Xinli, Tang Yong, etal. Eigenvalue sensitivity and
its application in power system small signal stability[J]. Power
System Technology, 2010, 34(4): 82-87(in Chinese).

XGERE, P, e, . RS SR B TS ).
B RG AL, 1998, 22(12): 9-12.

Liu Xiaopeng, Lu Shirong, Guo Qiang, etal. Eigenvalue sensitivity
against operating condition in power system[J]. Automation of
Electric Power Systems, 1998, 22(12): 9-12(in Chinese).

Opk, B, R, AT YRGE PR IEAEXT 1T S50 R i
FER). ARG LI AFMLAER, 2005, 17(4): 31-35.

Ma Lin, Liao Peijin, Peng Shutao. Eigenvalue sensitivity with respect
to operating parameters in small signal stability analysis[J] .
Proceedings of the CSU-EPSA, 2005, 17(4): 31-35(in Chinese).
He Renmu, Ma Jin, HIl D J. Composite load modeling[J]. IEEE
Transactions on Power Systems, 2006, 21(2): 663-672.

R, Sk, MO, & ST E TR Z IR S MEB)
FSEEM T3], WO RS ABk, 2010, 34(21): 22-25.
Xu Hao, Mu Jin, Fu Hongjun, et al. Analysis of effects of load model
uncertainty on small signal stability of multi-muchine system[J].
Automation of Electric Power Systems, 2010, 34(21): 22-25(in
Chinese).

Wi E#A: 2011-01-08.

fEZ &Y

i (1975), %, i, mIBE%, FEEFRS
) R ffr A B RS AT, E-mail :
jinma@ncepu.edu.cn;

5(1986), B, WIS, I R
o R G55 M E-mail: 584704486@qq.com.

(FT/E%4E  FHe)



