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Stability analysis for wide-area power systems with multiple time delays
based on an optimized functional
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Abstract: There is an inevitable effect of time delay on the stable operation of large-scale interconnected power systems.
A stability analysis of wide-area power systems with multiple time delays is carried out. First, a power system model with
multiple time delays is established. Second, a new Lyapunov-Krasovskii (L-K) function is constructed. This contains the
coupling integral terms between multiple time delays, and a new method is used to consider the positive definiteness of
the functional matrices as a whole, so that the restriction that functional matrices must be positive definite is relaxed. Then,
auxiliary-function-based integral inequality is used to estimate the derivatives of the functional. This reduces the

conservative of stability conditions. Finally, numerical examples of typical second-order time-delay system, single-machine

infinite system and the WSCC 3-generator 9-bus are given to illustrate the effectiveness of the proposed method.
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Table 3 Stability margin comparison of typical

second-order delay system
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Fig. 3 Wiring diagram of WSCC 3-generator 9-bus system
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Table 4 Delay range guaranteeing asymptotic stability of
WSCC 3-generator 9-bus system
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30 0.0378 0.0390 0.0391 0.0391
40 0.0342 0.0373 0.0374 0.0375
50 0.0312 0.0368 0.0371 0.0372
60 0.0319 0.0376 0.0379 0.0380
70 0.0337 0.0398 0.0403 0.0404
80 0.0372 0.0441 0.0447 0.0448
90 0.0419 0.0518 0.0523 0.0526

MFE 4 FREfDIEH, S A o 75 0~90° 74
Bl PN AR AT, B3 R e 4 B Bl o A R 8 K LA
Jel /N E R R . HINEFTLEH, A
1 FTIR TR T SCHR[22) R SCHR[28] 1 5 6, S
FIfm i B, R ESME.
3.5 RIRTEHXILL
Z i RSk M WA FE B S N2
FAE, E—EREE LS IER. BT
Ko [Hk, 20 RS RRE AR IE SRR T RE
KA BB E I FIRS, 3 75 R kb vk 548 N 4
DU TR . 2 5. 6 A SCRa e M I8 i ok
HAZ BN EEG AR T . R 6 AT LLE
H, MARGHE B2, 3. 4, RENFENE m 5
AIUEC 1~5 Bf, EEE 1 Pesi AR mE N O KT SCik[21]
AISCRR[28] U AR AN, (H EESCRR[22]404 2. X
BR[23]705 5 45 730 24 2R G BOR B i A Hs R e
£5 RETENMFRER

Table 5 Expression for the number of decision variables
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Table 6 Comparison of decision variables of systems with
different order and different number of delays
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