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Analysis of Oscillation Modes Occurred by ON/OFF Time Intervals of Switching
Equipments by the RCf Method

SEN CERE-FHE
(Deok Young Kim. Moo hwan Dong., Yun Ho Lee)

Abstract - In this paper, the RCF(Resistive Companion Form) analysis method which is used to analyze small signal
stability problems of non-continuous systems including switching devices. The RCF analysis method is mathematically
rigorous and computes eigenvalue of the system periodic transition matrix based on discrete system analysis method.
As an effect of switching operations, the eigenvalues of the systems are changed and newly unstable oscillation modes
may be occurred. As an illustrating example, the oscillation modes of the system with different switching time intervals
are computed exactly by the RCF analysis method and the results show that ON/OFF time intervals of switching
equipments are important factors to make the system stable or unstable. This result shows that the RCF analysis
method is very powerful to analyze small signal stability problems of power systems including switching devices such
as FACTS equipments.
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Fig. 1 Circuit diagram of complex system with two switching
devices
R, =20[R], R2=4Q[52], Ry=30[R], L;=0.05[H],
L,=0.1[H], C,=0.2[F], Vg=110[V], ~=0.0001sec

29 19 9uHASA 29A 9 F3e thgE Zon, &
A% 7 257 $UA 094 00022 FLell Ap#l 154 A}
# 271 9AF ARRAe s wEHE AL Ryt HE
T gk 0000122 stk

=]
KN
=

Al 1 (2914 1 ON, =93 2 : OFF)
Atdl 2 (=91A 1 : OFF, 2914 2 : ON)

3.1.1 Aejg™ o] 2f AFRE Y

AL Abe2e) 24 7o) 2914 FRrelAY LHH WY
A%e E 19 2ovl, 2903 S3) o AFES ¥
t oalde] BAASEE ¢ F Ytk

O MefuE Mo o8t 1R siMHn

Table 1 Eigenvalues from state space equations

AbE 1 Abdl 2
AEED
1 -0.16675 -0.29187
2 -299.83323 -299.83312
3 -400.0 -799.87498
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Table 2 Eigenvalues with 5:5 switching time intervals

Ab 1 Al 2 AH 1 Apet 2
ik T=0.0005 sec | T=0.001 sec | T=0.0015 sec | T=0.002 sec
1 -0.1667 -0.2085 -0.1878 -0.2085
2 -299.8554 -299.8555 ~299.8555 ~299.8555
-3 -400.0531 -600.1930 -533.4898 -600.1980
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Table 3 Eigenvalues with 8:2 switching time intervals

A1 Abe 2 ARl 1 Arell 2
gL T=0.0008 sec | T=0.001 sec | T=0.0018 sec | T=0.002 sec
1 -0.16667 -0.1751 -0.1696 -0.1751
2 -299.8555 -299.8555 -299.8555 -299.8555
3 -400.0531 -480.1194 -444.5362 -480.1194
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Fig. 2 Eigenvalue locus of oscillation mode 1 with 55
switching intervals
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Fig. 3 Eigenvalue locus of oscillaton mode 1 with 82
switching intervals
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Fig. 4 Circuit diagram of one machine infinite bus system:

with SVC

Xy = 0.08pu K, = 50 = 0.15 sec
P = 1.0 pu, pf = 0.85/ag

B;=10.0pu, By =—10.5pu
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Table 4 Eigenvalues from state space equations
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Table 5 Eigenvalues with 7:3 switching intervals

293 ON 2] OFF 283 ON 2912 OFF
(T=0.007 sec) (T=0.01 sec) (T=0.017 sec) (T=0.02 sec)
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