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Abstract: The robust connective stability problen is considered for a class of large-scale interconnected pow er
gystans in the case of uncertain structural reconfigurations Robust connective stability is defined based on
uncertainty of the interoonnection matrix in the systans The sufficient conditions of connective stability are
established by using the vector Lyapunov function approach and the property of noms and eigenvalues
Furthemore, the robust degree of connective stability is analyzed for the pow er systems, and the robustness bound
of uncertainty paraneters isobtained The smulation exanple for a wo-area interconnected pow er system show s
the effectivenessof the given conditions

Key words interconnected pow er systam; robust connective stability; vector L ygounov function; robustness bound

[2 5]

1 20 ,

[4]

[1] : :

1 2003-11-20; 1 2004-03-04
(60074002); (202192057).
(1964—), , , , , ;
(1956—), , ) ) )



20

Xxi= Aixi,i= 1,2, ,N (3)

n
(- pill xill ? +
jobemiz i n Ni

272
) , ni X ni li,
, ni X n; Pi, L yapunov
ATPi+ PA+ wli= 0,i= 1,2, ,N. (4
2 w>0 .
N , 1™ ©)
, P, vi(xi) = XIPixi ,
l6] vi (xi)
N MPHI xill 2< vitx)) £ M (P)I xill 2 (5)
Xi= Aixi+ Biui + ; Y#iAi,-x,- + Fi§, A (*) M ()
i= 1,2 ,N. (2) :
:xi  R" i ,X; RN 2l nx n A
N , A ,
M=, mE mu RY AR) > 0i= 1,2, ,n (6)
i 5D R 3t v (1) v
‘ALAGLB F < f(tv) : t> to,f (t,v) L ipschitz
[6] (1) r(t)=f(tr) ,
(1) r(to) = v(to), :
(1) v < r(),t2 to (7)
N 4t A B Hemite ,
Xi= AiXi+ eA X, i= 1,2, ,N. (2 :
jok=i 2 i
e; NXNJ | E . e MA)+ WB) < AA + B) <
MA)+ M B). (8)
1 N x N E ,e=1 3
' ] ;e =10 1 1 N x N
0< g < 1 i j W = (i) E E . W
W «
2 E= (&) 2 (- D'wWe> 0,k= 1,2, ,N. (9
, E= (e)
e < e, E E : E E o
2z Pyt TN
Wi =
| A 20- n)EL PALL® (|
o nikidn (P) ’
N i,j= 1,2, ,N. (10)
M= ‘_Z‘ eA i, e e [0, 1] (2) )
j=iz i
(2) Lyapunov
, , V(X) = [vi(x1),va(x2), ,w ()],
L yapunov vi(xi) = X{Pixi, i
= 1,2 ,N. 1 )
3 E E_, Vi(Xi) =
N
(2) ' (2) XiT(AiTPi+ PA)Xi + 2 éiniTPiAinjS
N -
' -l xall 2+ 2eill PA G T xill T x;Il =
j=E=i £ i
1 N . .



3 273
2eill PAGIE I xill 1T x;ll ) i i i
0 0O 0 O 0
2 a », 1.
- axtH xys - XN+ Oy’ -
a R" x,y R? , 0 0 O 0
vi(xi) < (M)i): = 0 0 M 0 0| i
0 0O O O 0
C L xn e |
2 :
N - 2
- Ni)Ej A L0 0O O 0 0-
Z 2(n-_ n)eill PA gl E
Lo nj Hi M (™))
nx n , N X N ,
vilxa) o2 Vi(xi) ni X n; N x N
M (P < I xill < m(P) i J
I I (M )i) [ j M.
M
Vi(Xi) S N N
. = ei ((A3)i),
) I A ni X nj ((Ai)i)=Bi,A=8B,
2(n- n)ell PAll 2 _ (12)
j:Z,.‘::i M (P) njpi vila) = N N
N X = [B + eB iJ X. (13)
wivi(xi) + w v (x;). le:z'j;“
=47 i 2 (13), 1,
), vV (X) < WV (X). 2 nx n P B'P+ PB + ul=
wi< Ow;= 0, W M 0,u> 0, Pi = BiP+ PBu E
E,
N N
R(X) = WR(x). (12) S Y alPid < (14)
R(0) =V (0),R(X) L ipschitz , 1=
13 .
(1) W W () (13) L vV (X)
unov =
W @, (11 ] Y
3 V(X)< R(X) X
_ B ’ vV (X) =
e o )
XT{BTP+ PB + [ _-BJ P+
= lezz,;¢ie“ J
’ (2) N N
P[ eiB J}x =
Z,:Z;ue' j
X = A+ M)X, (12) NN
- XT[uI - é-PJ X.
lezz,,-;ij J
A+ M = , (14)
- N N N N
Ar 0 0 u> Z el Pyl = ||z e_ijpij"Z
0 A 0 1 =iz 1 =iz
+ ){ N N N N
é'PiJ > ?\n[ E.P.J 15
L o 0 An Zuzz,j;:i il Zu:Z,#i i (19)
_ 4 , (15
0 €A 12 enA n NN
eiA 21 0 enA xn )‘[IJ le:zj¢ ieil j
[ N N
- _'PiJ > 0,
LaAn: e 0 He My 3 8P

(™)),



20

274
N N Ol
ul - Z ePi;> 0V (X)< Q '
R 0.05
N
, (14) , (13) I §
. O 5
L _0~05
! €; -0.1 - .
0 50 100 150
t/'s
[8],
P: = [Pu Pw Pn1 Pnn ], (@ Afs
2
N N . l |
Z ejPi = ;-
1 j=bami# i é ol
P [eul e | il an ] < r
| ; )
"P"[N . 2J1/2 C © ap ” o 0 100150
r €ij 2 e ij || t/s
Z1 j=Zj¢ i : Zl jzz,,’z i Y
: (b) APe
1 2 , ,
N N s , , E l i
Z i éi < w2/l Pl 2 (16) %
1 j=Giz i = h
(13) “q\ 0 r— u-
1 , 1o 50 100 150
t's
4 () Af»
L 2
(1) , [6] .. |
. Lyapunov . m.::'
1 , LQ 3 0
: 1, 4 -l
eh + € = 2 . A
_ 0 <
2 052 3e- 006, G, = 0 100150
ex= Q 001
(d) APe
1
’ 1
; 2
1 y . (
' oo E) 1
Af 1,2 APe> 1 2
5 L
H )
' ( 279 )



279

3
1
(km)
134 149 7 9 a5 125 140 2
136 148 8 10 91 126 139 7
( 10 km ,
140 km ).
(150 km),
3 i
5
VRP
, VRP
(References)

[1] Kosiba E D, Wright J R, CobbsA E Discrete event

sequencing as a traveling salesnan problen [J ]
Camputers in Industry, 1992, 19 317-327.

[2] L eo Lopez, M ichael W Carter, M ichel Gendreauu The
hot strip mill production scheduling problen: A tabu
search goproach [J] European J o Operational
Research, 1998, 106. 317-335

[3] TangL X, LiuJ Y, RongA Y, et al A multiple
traveling salesnan problen model for hot rolling
scheduling in Shanghai Boshan Iron and Steel Complex
[J] Eurgean J o Operational Research, 2000, 124:
367-382

[4] , , :

[J1 , 2000, 15(1): 54-6Q
(zhang T, WangM G, Yang J X. The model and
algorithm for the hotmilling batch planning with
uncertain number[J]. J o Systen Engineering, 2000,
15(1): 54-6Q )

[5] , : -

[J] , 2003,9(1): 33-36
(zhuB L, YuH B. Production scheduling model and
algorithm for steel making-continuous casting - hot
rolling processes [ J ]
M anuf acturing Systams, 2003, 9(1): 33-36 )

(6] : : :

[J]. , 1999, 6: 40-45
(JiangD L, Yang X L, DuWw, et al A study on the
genetic algorithm for vehicle routing problem [J]

Canputer Integ rated

Systen Engineering — Theory and Practice, 1999, 6:
40-45 )

( 274 )

(References)

[1] Siljak D D. L arge-scale dynamic system: Stability and
structure [M ] New~v York: Elsevier North-Holland,
1978

[2]Moylan P A oonnective stability result for inter-
oonnected passive systens [J] IEEE Trans on
A utanatic Control, 1980, 25 812-813

[3] Shigui R Connective stability for large-scale systems
described by functional differential equations[J]. IEEE
T rans on A utanatic Control, 1988, 33(2): 198-20Q

[4] Jain S, Khorrami F. Decentralized control of large-scale
power systans with unknown interconnections [A ]
Proc o the 4th IEEE Conf on Control App lications[C ].
Nev York, 1995 618-623

[5]M alikov A I, Matroov V M.
functions in the analysis of dynamical properties of

L yapunov vector

systan sw ith structural changes[J]. IntJ o Canputer
and Systans Sciences, 1998, 37(2): 207-214

[6] Chen X B, Stankovic S S Overlgpping decomposition
and decentralized LQ G control for interconnected pow er
systans[A ] Proc & IEEE SMC'96[C] Beijing,
1996, 3: 1904-1909

[7] : ;

M1 : , 1979

[8] Zhou K M, Pranod P K. Stability robustness bounds
for linear state-gpace models with  structured

uncertainty [J] IEEE Trans on A utanatic Control,

1987, 32(7): 621-623



