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Abstract: In the process of dynamic analysis and control of large-scale interconnected power system, the communi-
cation delay can lead to failure of control system, system performance deterioration and instability. Much of the existing
researchs stability criterion for the time delay system is based on Lyapunov analysis method. However, due to need utilize
the inequality method and construct the Lyapunov functional in the process of research, which lead to the obtained stability
criterion is conservative and increase control costs for the system. In this paper, the stability creterion for the multi-area
interconnected power system with time delay has been discussed. The conservativeness of the system stability criterion is
reduced, which optimize the stability criterion derivation process based on the Wirtinger inequality and construct the new
Lyapunov functional. Finally, a typical second order delay system, a two area delay power system are taken to verify the

correctness and effectiveness of the paper algorithm.
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ke I AR IR YE, NS 1 R
LIRS A, PR T RAEMISAT 80, Rt
AR AR E PR I PR ST, THERA IR AT e KB e A e 4
HEAHEEME L.

T i R <7 P 0 B mT DLl o pIe A s 090 1)
HE S A2 BRI 38 B B LyapunoviZ B P Fhig 12 iR
Yo N, SCER[15-161F1H B AR REVEAN T SURFIE
HIFEAR B R gt e, SR T RgmTife e LR
fH. SCHR[17-18 ]38 1 51 NFRS3T0, #4383 () Lyapunov
12 BRI B AR e I

DLW 28 T AR SCEE R K, TR E & VFH)
HLI RS % A RRoe s AT I — > 1 B b, a4
A 22 0] AAJI b S B4 XA T D 22 5 A e 2 1] 1Y)
ST EEREEA R ) Z R R BT RS A E )
2R 5505 2 ) ) AR 4 i U Rt per A e s, I )
T 9 8 SR FH VR R B PIE i Jv2s, o KR
1L IR RS e R A T A i

25 b, ARSCHE T PR (1 22 DX 45k 7 47036 425 ] 45
RN AN R, #3551 A\ Wirtinger N2 208404
Fe g HHEAE S I FE, HEH4IE BT LyapunoviZ iR 9 g
1 B A 2 B i L D R e e U 1 DR S 1, B
MATLAB H [ 2 P 5 B A 55 X (local management in-
terface, LMI) T B AR HEAT SR A 58 5 1) I 35 7t 5 4R 1HL.
BeJ, i3 /EMATLAB/simulink A% 2 471 77 4725 2 il
B, N R LMITE BAR SR A H (1 R G0 T ek 2 1)
TR EARE, 8 I I A ) 7 it 2 SR BIE AR E AR
(RIIERAPE S G R,

2 W) RGN # LR (Time delay power

system model)

TR, AN R—Retk. AR SCHFFCI 2 X 3k
HRGHE, A XA — & 5580 K LA LR,
AR ] A K PIE , RGP AR A2 B T4
SING TSR SRR, REERWE TR,
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Fig. 1 Multi area power system model

Bl A S RGN 2 A Py K HL
HUBE Ll 2 H O 22 AP, /2 12 1 1R A7 L 0 225 M,
D, Ty;, Tenis Ri, B3 WK AL SR FHJE &
K, VRSN TR H PRESHLIN (A A T R R
e w1

R FiA RGHER, # ik POR S L B Ilx (1),
AT 2 X RIS TR R

{ab(t) = Ax(t) + Bu(t),
y(t) = Cx(t),

Ko () B G4 B A R 500 A JE B,
BR RS NIERE, CAR G M H B, uwh R84
HlFIAN, y N R G . o

2(t) = [oa(t) w2(t) w3(t) -z ()],

y(t) = [ () ya(t) ws(t) -~ ya(®)]",

2i(t) = [Afi APui APy [ACE; AR T,

()

vi(t) = [ACE; IACEi]T,

An An - A
Ao A Amo Al
Anl An2 Ann
B = diag{By, By, --- , B,},
C = diag{C1,Ca,- - ,Cy},
- D: 1 17
- — 0 0 ——
1 1
0 — 0
Tchi Tchi
A= 1 0 —i() 0 ’
RiTgi Tgi
Bi 0 0 0 1
n
2r Y. Ty O 0 0 0
| J=Ll5# .
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[0 0 0 0 0] K
0 0 0 0 0 z(t — h; —Tii T
) coy = | h ) g | 2
AU 0 0 0 0 O ; x(t—hi) Zij _Zij
i 0000 H R4 2 KIRALE, I d; () J2— N R F 4%
27T 0 0 0 0] TR R
1 B 000 1
wi 00010 0<d()<m, ,2,---, N,

MRIEHEEI AT, H T2 XA ) RS A
DX IR e A H, DX AL (i 22 ACE € SCH
ACE; = iAfi + APge—i, 2)
A Prie— i /& RN DXIBIRAS L RS 3 i 22
N T BT R, FTAEEIEH ) R G A7 AE [
i B T ACEAR S T8 (5 5 A fan A i BT 51 A2 1.
(5] I A B A5 5 P 2% AN, AF R 42 ol
e O HH AT AR AR A
uz(t) = — KpiACEZ‘ - KH jACEZ =

— Kiy(t — di(t)) =
— K;Cia(t — di(1)), 3)
SR vy (1) R X ST ) B (1) 5 X B
PR A5 B YA
Q-GN XD, "I 40 T 2 X IS i
H 1 R GUIRETTHE:

N
B(t) = Az(t) + 3 Aw(t

Py —d;(1)), 4)
X4, =10 ~ B;K;C; -+ 0].
3 F2xg AP (Stability criterion)

TESR AR AR AR, 5 F ) Jensen 55
K4 7k B — 2 AR SF M, AR SCR H I
Wirtinger A 55 0T84, 7T R K B AR 45 S 1 OR <3 12
TG, ST AN B G

5138 119/ (Wirtinger N5E3)  IHERn x nZExf

PR IE 7€ i B R 3 25 AT 3 bR B (¢) = [a, b] — R™,
W BL R AR 3 ANEE X ST, B
T
b, . 1 |0 ~ | £
L WY (T)Ro(T)dr > b Q? 9[1)
e
Q) = w(b) —w(a), R = diag{R, 3R},
Ql—w(b)+w()—7fw 7)dT.
SIER 20200 X — N5 5 1 X B IE 58 5 B Z,
> 0, W AN

(b= hy) [ (5) Ziga(s)ds < (TG (),

7

Hordr: d(t) A XIRAI AR, 702 T DX i
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L ESSIN:N

E1 BAEGHE AR Hrmax, 27 >
Tmax RIIFE, A0 < 73 < Tmax REMIFREE. WA E
AP AT M AHE SIS R AR AN FIFR s b
B3N T ARG R, BUA SCHR [22-23 1 i R e A (T
INT B G FRARE M rana, A% SO AR R 4 T B AR T
FOMMRFIE, 35 RGN B R Tna.

EFE 1 XFR@RRZ XEE RS, W0
RAFAERMRIEEFERE P, Qy, Ry, Sij BAFAE— &
PERAEEX;(i=1,2,--- N, j=i4+1,--- ,N)&

A REASE AL
. . N
¢1(d,d) = ¢o(d,d) — > I'%I" <0,
i=1
DY, (6)
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x R;
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po(d,d) = GT PG, + GT PGy + Gs + AG,A + T,
G [ Iix1i Oion Orxon
1 — )
| 021 O2nx2n Ganxan

Aix1 Gixn  Oixn Orxon

G2 = | Inx1 —GNxN OnxnN Onxon | »

|Onx1 Gyyny —INxnN Onxan

N .
G3 = dlag{;Qu _(1 - dl)Qh T,

—(1- dN)QN,ON, On,0n},

1 N
Gy = ZhQR + Z > (hi — hy)? Sy,
=1 j=i+1
A—dlag{A,Ah' JAN,ON,On, On
~ R, O
v , G =[A; - Apn],
0 3R, 1xN = [41 N]
Gonxon = diag{diI, -~ ,dn1,(h1 —di)I, -,
(hy —dn)T},

Gnxn = diag{(1 —di)I,---, (1 —dn)I},
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Gri=1[ 0;-1 — 1 Oqn—il,
GQZ—[I 0i—1 I On Oon—1 —2I Oan—4],
=1[0; I Oy—1 —1 O3y,
G4i =[0; I On—1 I Oan—; —2I On],
=[G} G GL GLI%
SE BT HUE ] LB 7, ZEUEANFEBEIA
4 54453t (Example analysis)
EExt b x(4) 2 XN i R G, AR50 A SR
Wi B ity 2 0 A0 ] 1 SRS R XSS i R ) R G, B
E 1 AR S IR ) IR A R
4.1 R —irEFEF RS0 (Typical two order delay
system)
#(t) = Aoz (£) + A (£ — () +
Asx (t — 12(1)), @)
z(t) = ¢(t), Vt € [-7,0],
i Ay, Aot HHGERE,
T1(t) > 0, 72(t) > 0, T = max(71(t), 12(t)),

F1(t) <, F2(t) < pa.

gt b SRR :
Ay = —2.00 0.00 7
| 0.00 —0.90_
A = —1.00 0.60 7
_—0.40 —1.00_
Ay = 0.00 —-0.60
—0 60 0. 00
jjT?’f“lIEZFIE/QEE’JE% fétﬁﬂﬁxﬁlﬁ TE I
FHOLR, By = po = OFGOL T, it @ 211, 4351

53R (17128 T3 AR 9 — Ik Lyapunoviz B« 3
MR (2112 T B O BUE B 1) 45 Rt AT LR, 15 87En
A FMER REF e A1, ,H%Jui%l NT
A 96 UE AR I 15 T R A R, A STk
By = 0.1, puo = 0.8, THEIZIAE RS AR 2
WE HE SRR (21145 Rt T TR, 4558 k2.

W teE R -2, AT LLRBLLL R JUANES 8 1) M
) B, B i 2R G0 SRAS 0 L ) o B 8 AR B I B K
TR R GE; 2) ASCTTETS R Gk e i E A
KT SCHR[17,21], KRR E A BN IRSY
PE; 3) 3 — B LRI, o1t W RGIE I AR
AR, Y[ H/NT1.51 h, A7 HARSCERAR L
SE R LTAHE, B m B3N, A SCERAS R AR
J55 B B RO T A SRR,

& 1 FE T a4 A

Table 1 Stability margin under constant time delay

- AL SCER[LIT] SCRR(21)
T i iEMIT R
1 00 2.65 00
1.51 00 2.70 [ee)
1.55 3.31 2.95 3.34
1.60 3.43 2.92 3.33
1.8 3.62 3.01 3.36
2 3.75 3.05 3.43
22 3.82 3.21 3.52
2.5 3.99 3.28 3.65
3.0 4.15 3.35 3.77

& 2 ZIT 094 ASE (T A B R RAR)
Table 2 Stability margin under time-varying delay

(71 is the maximum of time delay)

T ASOFEMT SCRR217E
1 1.98 1.98

151 2.08 2.07

1.55 2.15 2.09

1.60 2.28 2.13

1.8 243 2.26
2 2.62 2.40

2.2 2.83 2.54

25 3.14 2.76

3.0 3.48 3.13

4.2 X AT # B ) RSt (Two area dealy power
system)
DAL 1 Hh i DX 3t ity Fi, g R e 9 SR, a7
&3t IRk — 5 U6 IE AR 5L 77 2 9 TE A E VR 2,
RIGIMRRGSHL.
R3PS EAEARN (@), FI1F 20 DX I v
Rl

A=
[—0.1 01 0 0-01 0 0 00 0 |
0 —33330 0 0 0 00 0
—200 0 —100 0O 0 0 00 0
20 0 0 0 1 0 0 00 0
.2 0 000 —-12 0 00 O
0 0 00 0 —012008 0 0-0.08]|
0 0 00 0 0 —250080 0
0 0 00 0 —1176 0 —590 0
0 0 000 215 0 0 0 1
.12 0 000 12 0 00 0 |
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Ai=loo000 0 00 0 o |,
00000 0 00 0 0
00000 —215Kpy 00 —10K1; —10Kpy
00000 0 00 0 0
00000 0 00 0 0
(00000 0 00 0 0o |
00000 0 00 0 0
00000 0 00 O 0

4,_|00000 0 00 0 0
00000 0 00 O 0
00000 —215Kpy 00 —10Kis —10Kp,
00000 O 00 O 0
00000 0 00 O 0

k3 AREARSK

Table 3 Two regional system parameters

ZH RAEl RE2

T 03 0.4
Ty 01 017
R, 005 005
Bi 21 21.5
D; 1 15
M; 10 12

AT SCHR [22-23]H T8 I 22 35 PHE 1| 43 1)
N iy A7 fmr A e g ) R 4, B A 8 B TH LN A AR E
FHE, 38T 7 AR AR A R P& i 28 1 25 5 R 4t
IR E R E R R, AR — M, AT eSS
IR STHR A FEXT EE, AT B R A DX 18] R P il 5 3
i /e — 5, M Kpy = Kpo, K1y = K HI 224
WAy = po = OTEOL N RGEREME, Wk
45PN, F T R4Sl 2] T AR SCER[22]
Kp = 0.05AN[F KfH « SCHR[23]1K7 = 0.2 [F KpfE
PR 000 A AR E A E T 22 = 4E 1, T B2-3 7.
B e = /T2 73, 0 = arctan%, T T 0T

AR DXk I B KA

MER2-3 =4 LB R 7T IR RIUR 458 1) K
L3 IO [F) KpAHL, AN R K5 SRR [22] 3R
F R EHE AN R Kp{E-5 SCHR [23]58 5 M E 45 R A
T RIEE, AT SR AT HORS E M E B SRR (2217 %
MJesen’s ANZER 5% SCHR 2317 R A B HBGERE
TIEIRAFHORS A W 2 R, BRI A ST iR AR

T RGR T 2) B35 58 48 I 2 il 2R 1 2
PAO=45° R R IR, 20 RN R4S IR E A
JUTABALLO = 45° AXEFRIT.
% 4 % Kp =0.05, KRBl £ A6952 2 644
Table 4 When Kp = 0.05, K7 is different, the
stability margin of the system

Tmax
0 AR IERI KT SCHR 2211 K
02 04 06 02 04 06

0 156 78 41 140 69 32
10 158 80 44 142 70 33
20 160 81 47 149 72 34
30 176 90 52 162 79 3.7
40 192 100 59 183 89 42
45 203 102 6.1 198 9.6 44
60 176 89 52 162 78 3.6
70 16.1 81 48 149 72 33
90 155 79 40 140 6.8 3.1

%5 %K1 =02, Kp B 289422 4618
Table 5 When K7 = 0.2, Kp is different, the
stability margin of the system

Tmax
0 AITHENKp - SCHR[23]1M Kp
02 04 06 02 04 06

0 84 64 42 65 54 39
10 90 7.0 46 68 57 4.1
20 95 78 50 74 60 43
30 101 81 57 81 6.6 48
40 107 85 65 88 72 52
45 112 90 69 92 75 53
60 100 79 58 80 67 49
70 94 77 51 74 60 4.1
90 85 65 43 65 54 38

2.0
2 150
EE 1.0+
0.3
100
0 A0
a0 P 4O
2 Kp = 0.05, K{ANFMER, A5 308k [22] AR e /E
2= 2

Fig. 2 When Kp = 0.05, K7 is different, the stability margin

deviation response curve with [22]
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.. o =
3 a0
050 20 Ql @)
B3 Ky = 0.2, KpAFMER, A5 5CHR[23]1)
e EME I 22 Hh 2k
Fig. 3 When K71 = 0.2, Kp is different, the stability margin

deviation response curve with [23]

E— S IR AR SO I TR R PRI R, 7
MATLAB/Simulink ~F- {5 9 #5 22 &1 1 9 X 38 iy 5
G, 7 NARSCE SCHR [22-23] AR EME, 3RS
o N7 R ATEE A 22 HH 28, W45 Fia.

0.06 T T T T T

0.04 - ﬁ b

0.02 - 1

0.00

Af/Hz

—0.02 |-

-0.04 #
1 1 1 1 1

-0.06
0 50 100 150 200 250 300
PIEIIR /s

—1=9s

=798
B4 Kp =0.05, K1 = 0.2 505 2200 7 fHh 2%
Fig. 4 The requency deviation response curve

with Kp = 0.05, K] = 0.2

—1=10s

0.06 T T T T T

0.04

0.02

0.00

Af/Hz

-0.02 |-

=0.04

U _

1 1

1 L L
50 100 150 200 250 300
P / s

—17=10.1s

-0.06
7=8.18 —1=115s

K5 Kp = 0.2, K1 = 0.2 B2 00 B th 2k
Fig. 5 The requency deviation response curve with

Kp =02 K =02

AF Ik EE4-570 = 30°, Kp = 0.05, K7
=0.2560 = 30°, Kp =0.2, K1 = 0.2/ T T,
FR A 2 BE1 SR A 9 X 350 ¥ 2R 8 O R e A AE 20 )
49.0 s, 10.1 s; S I STHR [22-23 1% B2 19 £ 5 48 H
N1.9 s, 8.1 s. FI iz vt — 53R T WFP T
T ARG G RREMELI N0, 11.5s. 25 BRr
IR, ARSI IR A AR B A K T S0k [22-23], BF
KT RGEMIRT I, (B RS RIE A G S A2 e M
BN, X PIE T AR T A B A R
FIERGTE.

5 #Z5i8(Conclusions)

ASLET Wirtingerf 7 A E XA A T 2 X
S i L 70 2R g AR e M ) L JE a0 BOE 24 10
Lyapunov f¢ & 72 B, Xf iz R # 17 3k 7 3 0 H
WirtingerfH 43 AN 45 3 77 6 6 BT AR AR 4 TR AT 7
47, 19 BT 2R MR PR AN S5 AR B v A DG AR e PR A
P, oI SR AR L AR B AN SR R G0 1A e B
i, I R RN R G RN P X A T ) R
Gtk —DIAIE | A SO R A R
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