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Chaotic Analysis of Interconnected Power System
Based on Dual Frequency Disturbance

Hu Zhenxin,Min Fuhong,Zhou Qi
(School of NARI Electrical and Automation, Nanjing Normal University , Nanjing 210042, China)

Abstract: An interconnected power system model with electromagnetic power disturbance and load disturbance is
established. Considering double disturbance with different frequency,the paper analyzes the dynamic characteristics of the
system in depth when the disturbance amplitude is changed. Through the bifurcation diagram,the Lyapunov exponent spectra,
the phase-plane diagram and the power spectrum, sensitivity of the system to the amplitude of disturbance is discussed.
When pointing at the problem of power angle instability in the system,the numerical range of the disturbance parameters is
accurately divided in the unstable scene,and numerical simulations for the dynamic behavior of the system are performed
under different disturbances. At last,a reliable theoretical basis for the stable operation of the power system is provided.
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Fig. 2 Bifurcation diagram and Lyapunov exponent spectrum with v € (1.1,1.3)
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Fig.7 Bifurcation diagram and Lyapunov exponent spectrum with v € (1.1,1.3)

4r 0.10
-0.05
>
=}
=1
§ -0.20
ey
-035F
L L L I} _0.5() Il Il Il I
0 0.045 0.090 0.135 0.180 0 0.045 0.090 0.135 0.180
u u
(a) a5 (b) Lyapunovg%{
E 8 SHu THHRBENFEE
Fig.8 Dynamic behavior with the change of u
1.0 -1.1r
L °
0.4 _ial
-02F .
= &' _l S [
-0.8
17k
-14r
o o
20 L L 1 | -1.9 L L 1 )
-1.5 -0.5 0.5 1.5 25 -0.4 0 0.4 0.8 1.2
X, X,
(a) u=0.05, FHFifi (b) ©=0.05, Poincare [
1.0 Ir
03
0 -
-0.4 -
= = -1
11k /
‘“—'"
2+
-1.8
_25 Il Il Il Il I _’% Il Il Il I
-2 -1 0 1 2 3 -1 0 1 2 3
x\ xl
(c)u=0.11, H ¥ (d) u=0.11, Poincaref [fii

B9 Z#Hu TEAHEFEEEF Poincare
Fig.9 Phase diagram and Poincare for 4 with different values
2.3 MRS HEXR
BT ZR G0 P LS D AR B AN G AT DE SRR BB DG RO U SR R R LS IR S 0N 1=0.8,
y=0.6, 1E [ E AT PSR E N @ E R BT, 70 B RGBT R LS R (ER2 0T (98 1 =25k, 0
— 13 —



P UM R A2 2R (TR R ) 55 18 25 2 11(2018 4F)

ve (1.1,1.3) JEMIEE N RGN «, B v ZALHI 57 K F Lyapunov $88GE AN 10 s, REEM ] 4
THGIZ ), 7E v=1.15 kbl ATRTRRES Y v 8K E 1.20 B RGE R IEA — M2 ANPIRE, BiEE
SRzl T ER MR ARG E SRS R T v 2 1.1.1.2.1.26 I R G AE AT L
B FID ARSI AR 11 B,

4

- 02

Lyapunov
|
=)
[\
T

-04 -

0 L L L I _046 L L L I}
1.10 1.15 1.20 1.25 1.30 1.10 1.15 1.20 1.25 1.30
v v

(a) 55 (b) Lyapunov#§%{

10 S#ve (1.1,1.3) B, R4 5% E 0 Lyapunov 354

Fig. 10 Bifurcation diagram and yapunov exponent spectrum with v € (1.1,1.3)
0.4 0.100
02 0.075 |-
HI
. | H0.050 |
= 0 =
—02 F 0.025 -
~04 sarennd . A /\MW!H )
0.2 0 0.05 0.10 0.15 0.20
B /Hz
(b) v=1.1, DRk
1.5 1.00
0.5 0.75 -
%E
£ -05 £ 0.50 -
R
-1.5 0.25 -
) hJWMﬂ.ﬂmI\AMr\MJ\Lﬂ/\J balir spen—  mew)
3 0 0.05 0.10 0.15 0.20
i /Hz
(d) v=1.2, Tk
0.5
04
find 0.3
LR
B o2l
0.1
3 | | | | ] \_LM M/MM\/\H\\AJ\\ Mt ]
-2 -1 0 1 2 3 0 0.05 0.10 0.15 0.20
X i /Hz
() v=1.26, HP¥-ifi (fyv=1.26, Diik

B 11 % v THRAE T EEMEEE

Fig. 11 Phase diagram and power spectrum for » with different values



IR AR, 4F R T RO sh 19 B ) RGTIR M

I#] 5 FL G D AR A B IEAE A, SO s PSR AE w A HEAE (0,0.12) Z M2 AL, REGEN A », BE pw 2E1E
1453 25 R Lyapunov 880 Q& 12 Fis , REEAERE W R 2 28 3 ZJ5 & D5 AW 43 25 2 A 5 1 4 32
31, #E n=0.055 &b RG IR — IR IEE o)), FREAf AR K, 7F w=0.058 B R G FR it AR, M =
0.065 ARG WA R FEIHPIRAS , gk it A S8 YR MRS B UCIRASFRZERT M 30K, B 2 w=0.089 B4
FORMPRAEIEASE =K AWz 8, 25 RE LT — BB R E 35 I A R RIS, 2w 4k K
i, RG] FR DR IFAE w=0.115 BHE AT T MR FRIN G, Sy 1 W I LS R 40 1942 SIPIR A T i
T w53 3E0.001 F10.08 B FE A A8, IR 13 (a) MI(b) FiR ,u=0.12 B R G D) R A2 A - 1
IR RN 13 (e) F1(d) Fias, S o BIFERT ] 58 s F1 180 s 28 Ji P vk 2 il A8 4k , Th f 1) 2 B = i 5
M) T EI ) RERR B AT, LG R D 2 AR O, 5 2 S GRG0 AT L.

4r 0.10 -

-0.05

>

3

5

& -0.20 -

e}
-0.35 -

Il Il Il J _0-50 Il Il Il Il J
0 0.03 0.06 0.09 0.12 0 0.024 0.048 0.072 0.096 0.120
" "
(a) 75 A (b) Lyapunov#§ %1

12 B#p e (0,0.12) BB RG5> & B F2 Lyapunov 353
Fig. 12 Bifurcation diagram and Lyapunov exponent spectrum with u € (0,0.12)

1.0 - L5
0.4
0.5
02
= = =05
0.8 +
-15F
14t
_2-0 1 1 1 1 | _2.5 1 1 1 1 |
-2 -1 0 1 2 3 -2 -1 0 1 2 3
X, X,
(a) u=0.001, Jl3p12 (b) u=0.08, il
307 24
18
L5 F
12+
£ 0F 3
6 -
-15+
0 7
_3.0 1 1 1 1 | _6 1 1 1 1 |
-6 0 6 12 18 24 0 60 120 180 240 300
Xy t/s
() u=0.12, A1 (d)u=0.12, HFH]

B 13 S8p TUFBNETEERNFE

Fig. 13 Phase diagram and time sequence diagram of the system for u with different values



P UM R A2 2R (TR R ) 55 18 25 2 11(2018 4F)

24 MIRETEHEXR

TCHBAEBE O R PR T I B e i — 2w 2 iy WY JCHE . — | 0T Hi 4 ) 584 2l A3 4 R 71 i
PB4 2 IO C R W 1 =0.8 Fll y=0.8m VERIRZIASHL, 73 B a1 D R R gl i {1 F 67 A e 3
WEAEL A AN [T BUELXT BLIC FE ) R G50 1A T A S e, FE S D sl R Bl — B BT, RS DI «, BEHLRE D)
R NRE v 21 AY 5725 T Lyapunov $88GEWIE 14 iR e ve (1.1,1.16) B, REGAL T RWPIRE 8
I WEE Lyapunov $8 4 i K Lyapunov $88U2 IRFEZE 5SAL , N IL RGBT T 2RI fFr=1.22
I, 2280 IR DR HEA TR0 19 Iz SRS B AR SR At THRME 11z SR

K UG A SR AR 5 SR — A 8, RO ST I SR w A HAE e (0,3) Z I8 4k, &l 15 Bz
ARG x, Bl w IS5 75 AT Lyapunov F8500 , 7E 803040 % 52 B0 TC BRSO R I E O, A0 HE HLRE
AR BNEE , R S IR A RS2 1 REE R T AR AW IZ o T, REE—IF IR 4L T 58 1 4 19
LIRES B S RG22 T IARAS 78 n=0.75 BF R G K Lyapunov #8800 0, RGEAL THUR PR, Y u
BRZ 111 B, REL — B SR AN A R ROIRAS, I HAFZen AR K, B % p=1.80, WA 15
(b) "R Lyapunov f8 8 IR 25T 0 i, RIS SRS TEI A IFR ML Z (A W4, 24 p kS04 R 2
2.40 i, RGFFRIT IR FAWIZ 3, 78 w=2.86 Ab R Gk AFFLLIRMDIRAS. XTI Z B sh MR 1 ¢ &, 7 TT 3
BAERIIE AT, R R GEAEART-T i B R I, S PR 3 IR (B S 8w B 2.2 I, ZEVR VARSI 2R 42 19 i
SIFrE T W ARL, A 16 (a) Fis xR )35 1A 16(b) 7R,

3. ) 02
>
o
=]
=
=3 %
ey
ok —04}
l Il Il Il J 70.6 L - - J
110 1.15 1.20 1.25 1.30 L10 L15 1.20 1.25 1.30
v v
(a) 73 a0 (b) Lyapunovig %%

14 Z#ve (1.1,1.3) B RS 4 % EF0 Lyapunov 152]

Fig. 14 Bifurcation diagram and Lyapunov exponent spectrum with v € (1.1,1.3)

4r 0.10

-0.05
>
o
=
2 -020+
g,
A
-0.35
_0.50 | | | | J
0 0.6 1.2 1.8 2.4 3.0
u 1
(a) 7 A (b) Lyapunov{§ %%

B 15 S#p e (0,3.0) B R4 52 BN Lyapunov 3551

Fig. 15 Bifurcation diagram and Lyapunov exponent spectrum with u € (0,3.0)



IR AR, 4F R T RO sh 19 B ) RGTIR M

4 - 1.00
2+ 0.75 -
3o
A 0r ¥ 050
=
otk 0.25 -
. . . | b /L/l\ . LA Pt Bl 1 ﬂ s J
4 ) 0 2 4 0 0.05 0.10 0.15 0.20
X, P2 /Hz
(a) AHF-I (b) Pk
E 16 S#pu=2.2WHEETEEMHERILE
Fig. 16 Phase diagram and power spectrum with yu =2.2
+: 3
3 45k

AR S i S LR D PRI B AN G ey I B B EL I R ) AR GE R H S A I SR B B R RO
ZI PSRN RS EVERY R, 18522 8 3% 18] Lyapunov 48 80 AR BRI AR5 151, 70 Hr A &
GERAFERS2AT 0, S B IS AULR AR RS DS R S AR A W S 1) s SRS, X He
FLBE DI RIS M AR 80 2 RGERIRE A, R LR GEAE S A S SRR W 1 7 AR i 8 1) 2 I A8 o R, O
IERO R VRS EINEINAN ER S U S =23

[ &3k | (References)

[1] MU C,TANG Y,HE H. Improved sliding mode design for load frequency control of power system integrated an adaptive learning
strategy| J |. IEEE transactions on industrial electronics,2017,64(8) :6742-6751.

[2] SAMUEL T A,KATENDA J,AWOSOPE C et al. Prediction of voltage collapse in electrial power system networks using a new
voltage stability index[J]. International journal of applied engineering research,2017,12(2) :190-199.

[3] BRI 256 B h SR s 1k A L ) IxE—Ab 55 8.147 KASRLAYE R[], LT R %8 H 31k, 2003,27(18) : 1-5.
XUE Y S. The way from a simple conting ency to system-wide disaster—lessons from the eastern interconnection blackout[ J].
Automation of electric power system,2003,27(18) :1-5.(in Chinese)

[4] 2R BEER LR, S, 10 ) RGESIAS PRI 22 T I BE (] R A SR A [ 0] WL R GE SOHE F 3 Ak 2A 41, 2017,29(7)
53-60.

LI C,HU Z J,ZHANG M L, et al. Modeling and solving of dynamic environmental/economic dispatch problem in power
system[ J]. Proceedings of the CSU-EPSA ,2017,29(7) :53-60.(in Chinese)

[5]  E-bAa, szl ], 5. TH AR PERE R ) R X BE IR R[], P E F L T R4, 2016,36 (1) :2966-2977.
WANG S B,HAN X S,YANG M, et al. Interval economic dispatch of power systems with intermittent feature[ J ]. Proceedings
of the CSEE,2016,36(11) :2966-2977.(in Chinese)

[6] EWZR. ARG DE & ARG AR LA E S 1~ #Re PR FE [ D] MR MR Tl K%, 2015 1-5.

WANG X D. Study on nonlinear dynamic characteristics of synchronous generator swaying oscillation in power system[ D].
Harbin ; Harbin Institute of Technology,2015;1-5.(in Chinese)

(7] BERYE Whehg, s, A5, MAEORIRIF P AR S i S AR LAk S AT TR [T ] MBI, 2015,64(13) :20-27.
LIAO Z X,LUO X S,HUANG G X, et al. Numerical modeling and research on nonlinear dynamic behaviors of two-stage
photovoltaic grid-connected inverter[ J]. Acta physica sinica,2015,64(13) :20-27.(in Chinese)

[8] MAI X H,WEI D Q,ZHANG B, et al. Controlling chaos in complex motor networks by environment[ J]. IEEE transactions on
circuits and systems Il ;express briefs,2017,62(6) :603-607.

[9] MIN F H. Circuit implementations , bifurcations and chaos of a novel fractional-order dynamical system[J]. Chinese physics
letters,2015,32(3) :21-25.



P UM R A2 2R (TR R ) 55 18 25 2 11(2018 4F)

[10]

[11]

[12]

[13]

[14]

PR LD, Sh3ey B 5. BT AR AU R R BT LI ) RGTIR AR [T ], W4z, 2014,63(5) :70-77.

MIN F H,MA M L,ZHAI W et al. Chaotic control of interconnected power system based on relay characteristic function[ J].
Acta physica sinica,2014,63(5) ;70-77.(in Chinese)

TRV TR AL AR A BERLIESN T /Y i ) REEiRIadRZ 0r [1]. RISl K274 ,2017,51(5) :563-569.

XU J,WANG K Y, LI G J, et al. Analysis of forced power oscillation under stochastic disturbance[ J]. Journal of Shanghai jiao
tong university ,2017,51(5) :563-569.(in Chinese)

JBLALIE i, S R, 5. W BRI R AT R N L S LR RS AR L e LB A BT [ 0] ML R 2017,61(8) -
2500-2505.

GU Z Y, TANG Y,YI J,et al. Study on mechanism of interrelationship between power system angle stability and induction moter
stability[ J ]. Power system technology,2017,61(8) ;2500—-2505.(in Chinese)

TR, SR A5 XA A T TR DL B ) AR T Sl AR e R R SR R R [0 ] RO A e (T
W) ,2017,50(2) :228-238.

LIANG S S,WU J,LIU D C,et al. Analysis of factors influencing nodel dynamic frequency response characteristics on curved
surface fitting[ J |. Engineering journal of Wuhan university,2017,50(2) ;228-238.(in Chinese)

AR, 5K SO R, AF. LIRS s S R E R N R T [ )] AL S I AE YR, 2017,33(8)  14-19.

CAO S S,ZHANG W C,FAN X Q,et al. Analysis of influencing factors of power grid dynamic stability under large disturbance[J].
Power system and clean energy,2017,33(8) ;14-19.(in Chinese)

[ FTHER#F TR K]



