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H.. control for a wide-area power system with time-varying delay
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Abstract: We consider the effects of time delay and disturbances on the stable operation of large-scale interconnected
power systems, and the H« control problem of wide-area power systems is investigated. First, a new augmented vector
and Lyapunov-Krasovskii function with more delay information are constructed. Then, the Wirtinger integral inequality,
double integral inequality via auxiliary function and a convex combination approach are used to estimate the derivative of
the function and a less conservative stability criterion is obtained. A memoryless H.. state feedback controller is designed,
and by introducing a novel staged linearization method, the existing condition of the H controller is obtained in terms of
linear matrix inequality. Finally, numerical simulations are given to illustrate that the proposed methods improve the

stable operation region of the power systems, and the designed controller has good control performance.
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_ >0, — [>0, - >0 (33)
* Sl * Sz * T3

e

V=¥ +Y, +Y73+¢310,Y71:sym{HlTI5HZ},

¥, =¢e'pe —e@,e -6 Re,—e Re, +e5TqB3e
e (d(1)@,e; —& (h, —d())S;e, — @, — @, —
I, (3d (1))@, 11, —T1; (3(h, —d (1)) 53H4

Y. =-epe-0,-0-0,-0,-0,-6,,

él = 2H9T-F1H9 + 4H1TO'F1H10 'éz = 2H1T1-|72H11 + 4H1Tzsz12 )
O, = 201, T,I1,, + 41}, T,I1,, , 6, = 2[T, T,IT,, + 41}, T,IT,, ,
O, =21, T,I1,, + 41, T,I1,, @, = R, + R, +d()R;,
_1-d(t) = -
=h,S, +(h, —h)S,,

P, = Ay Q. @, (h, —h)S,
_ = o= 2d() =

=S, +(1-d({t)R, +—=0Q,
0, =S; +(1-d(®)R, (d(t))gQ

St
¢5 h2 HG - gl

1 {n} S, N
¢ = =
T -h (|| s g

;T
_ [T ! a-Fz M I, _
¢8 - I = I =
20 * (]_—og)T3 20

¢_’g =(51'*'hz§3+

h, —d(t)
h2_h1 ,

_Q

(d()?’

P =€ (AY T +YADe, +e] (Y T =Y e +
e/ (Y T+Y AT+ KBy )e, +6) (=Y T +
YA e +ef (AY T+Y AT + B K +
KTB;)e +e (AY T+Y AT + K'B] e,

@,=¢ (C'BK+K'B/C)e +¢/ (C'C, +B,KC,)e, ;
S, =diag{S,,35,}: S, =diag{s,,3S,}:

_dlag{T2,3T} T, = diag{T,,3T,}:

F=[4 4, 00B 0000000 0],
Y,=[7, 7, 0000000000 0,
A,=B"+D'CYT,A,=B"+D'C, YT,
7,=YCT+K'B7,=Y7C].
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AICHER 1 JE TR RO LS T SR [L]
FSCHR[21]. =05, h =1sHf, CHR[11173%)
I A h, =2.46's , SCHER[21]45 2 B i b 5
h,=240s, MWt 115280 L5 h, =2.83s,
ATLVE Y, ARSI Ry .
R BE u Mh BRZERXRIFRTFE LR
Table 1 Upper bound of time delay for given # and h

u WiRiA h =1 h =2 h =3
SCHR[LL] 2.46 2.79 3.48

05 CHR[21] 2.40 2.83 350
iAo 2.83 3.01 3.59

SCHR[L5] 2.29 2.77 3.48

0.9 CHk[21] 2.40 2.83 3.50
Heit 1 2.75 2.93 357

4.2 BHIESF KRR
W RNLIE T K ARG R4 WA 1R,
HEAR R G2 M S O[22 19 Kot , b ks

Al A, 5308
0 3769911 0 0
|-00963 -0.7000 -0.0801 0
“|-00480 0  -0.1667 0.1000
0 0 0  -1.0000
O 0 0 0
O 0 0 0
A 0 0
38.0187 0 -95.2560 0
G Tl L T2

Bl 1 BHESKERG

Fig. 1 Single-machine infinite-bus system

x 245 T RHAAFTNER I R G0 K
EF . WNERPEIEFTLUE W, ASCHER 1R
KEFF 5 he=0.072 0's, 4K F SCHR[9-10]F0 STk
[20,22-231 T FH I 77325, AT 36 11E AR ST 772 it
B TR ORSTE M, 97K T RAERIEITIEH

R 2 FEAEREHEKITHE
Table 2 Maximal time delay for different methods
J7i SCWR[O]  SCHMR[L0] SCMAR[23] SCHR[20] SCiik[22]  #Eie 1
ho/s  0.0609 0.0654 00681 00697 0.0720

ASCHER 1 77755 SCRR[23] I 7 AR N
0.0720s B, KHENLIIAE AEERL LR 2
Fios. AT LUE HSCHR[23]110 7 A ER T 0.0720's

0.065 3

I RGREAFE R, AR 1 I RAER
0.072 0 s I RGLIFHHE TAaE, H—DUHIATr
Y KT RGkaeisfricH .

He HHLL A /()
o

2 4 6 8 10 12 14 16 18 20
tls

(a) h=0.072 0 sief 2 HLH LI £ 22 1k 1 28 5]

0.10

0.05

S 4 /(rad/s)

-0.05

-0.10
Q

tis

(b) h=0.072 0 S0 A B 2 14 th 2 <)
[ 2 h=0.0720s R RZRITRE M
Fig. 2 System stability with h=0.0720 s

4.3 MEXOHNRLR
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P, SRAE 3 Fros i ms X UL R SEEAT 704
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2 4

G2 G4

3 MXMHES:
Fig. 3 Four-machine two-area system
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0. iy —0.001 s Fl i 7
0 0001 O 0049 -0290 -0.638 o ‘T/%Tﬁm\ ‘ f j“ﬁﬂ%
- - h,=0.07s, HEH 2 15 2GR e K/ Hotk

FIAHER 1 KRG ARG L5~ 0.445's, #H
EESCHRIB]M) 0.195s, SCHR[4]1¥) 0.288 s FISCHR[23]
17 0.440 s, 1 1 132 AIR ¥ SR, T IGIIE
T RS IRAE BRI i F D RGeah e AR sr M5 THI )
BHRNE, FNWEE— DAL T ZEEZHL ARG T
IATATE
4.4 HAERED T

ZRERS(6), HAARSHS B Cuk[24] 5 -

A=l A= Ll B=01 o1T
{0 —J’A"{—Os?s -1.15}’ =[01 o1],

c=[0 1],Cc,=[-0.375 -1.15],D=0,

HEFE 1 3R THE w=0 %€ hi hy NI
NV HoMERERAR p . WN3R 3 . HrhSCiR[24]
I Jensen AN, SCRik[25]4 F Wirtinger F2 73 A
25X, SCHR[26]F)H Wirtinger-based — H AR 43 ANEE
i HRR7IF AR BN A & T 5. IR 3 AR
H, EHFEZRAT, RAASTHIIT AR T4
WHIRFIE

R 3 BEFHT HAtREMER/N 7 B
Table 3 Minimized H. performance 7 under given condition

= hi=0 hi=0.5695 hy=0 hi=0.9

e h,=0.869 5 h,=0.869 5 h2=1.0 h2=1.0
SCHR[24] 0.81 0.72 2.95 1.73

SCHR[25] 0.605 0 0.568 2 1.446 6 1.168 3
SCHR[26] 0.51 0.35 1.97 0.94
SCHR[27] 0.24 0.22 0.27 0.24
SEHL 1 0.22 0.21 0.25 0.24

4.5 HATHIZZIT
N B A SRR I B 1A R, RS0 (30)H IR
B FERUE N

REFEAR 7 = 0.207 1 HoF5 | 1 25 0 P

K =[-7176 -767.758 -48.43 -0.45]
RGWIUEIZAT 1N %, =[0.8045 0 1.2492 1.6196] ,
HREBTIE w(t) =sin(2nft) (f=50Hz) . K 4—K 7 %
st TATCERSER TR RS M. AEE.
B S R St 2. K 4—&] 7 T)
UEH, fEEGISAERT, RelhZmicg e
BN, s, U BT R A AT AT RO
KRG TR (P A, 3858 T R RR e 1 .

)

Rl i/

s
[l 4 B/FTizHI R RS T AR hzk
Fig. 4 Response curves of rotor angle with controller or
without controller
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Fig. 5 Response curves of angle speed with controller or
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Fig. 6 Response curves of transient voltage with
controller or without controller
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Fig. 7 Response curves of exciting voltage with
controller or without controller
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