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Sensitivity Analysis of Power System Oscillation Modes Induced by Periodic
Switching Operations of SVC by the RCF Method

4 ou
(Deok-Young Kim)

Abstract - In this paper, the Resistive Companion Form(RCF) analysis method is applied to analyze small signal
stability of power systems including thyristor controlled FACTS equipments such as SVC. The eigenvalue sensitivity
analysis algorithm in discrete systems based on the RCF analysis method is presented and applied to the power system
including SVC. As a result of simulation, the RCF analysis method is proved very effective to precisely calculate the
variations of eigenvalues or newly generated unstable oscillation modes after periodic switching operations of SVC. Also
the eigenvalue sensitivity analysis method based on the RCF analysis method enabled to precisely calculate eigenvalue
sensitivity coefficients of controller parameters about the dominant oscillation mode after periodic switching operations in
discrete systems. These simulation results are different from those of the conventional continuous system analysis
method such as the state space equation and proved that the RCF analysis method is very effective to analyze the
discrete power systems including periodically operated switching equipments such as SVC.

Key Words :
Method, SVC

AGAE] AgHE AFR el FACTS Avle
A& ABANE R AAHENE AEAEe 27
F7kskel AT M FAA @ 5 ge w o
Yok A% HAE e =59 AAE AR,
oA AHE AFHY 24 FAY AAHY oldge 1
A% W doz neh WA AGAEY) 487 Aom o
BT @ % Tk 2y FACTS AwE ofdd 24
490 a2 ¥ AHAA LA 2904 B

Freel My F3 ge i

2 0
L
Kb

O

lo
=

o2,

brord

I
e oy o
B oo ko,

[¥ ot sy
o IO
it
> Lo
52
E %
b
2
30,
2 g
o=
o o
Jot
o 2
L

fo
:oé
1
o

Z
o

o
o
ro
e o

1o
o r o

+
e 4
Y,
=
o

>
>
iU D R P

¥ o do o4 Ao W
ok oo oo M R oo

ot nfe
gll‘
=
o
™
o%

oo
i =

WM

oo
o3

‘0,
Iy
o
ot
x
s
o
2
b
P
;9‘
o

w2
<
O
© 2,
Qﬂ
e s

2
o
i)
o

F

a2

oM 1ok
o,
o
P
rlr
[=e]
@
Ios|
>
o
o
o
a of¢

B
o,

o b
o
o
=
T
o, N
o
N
off [
ol 1o
i1 oM
o
_C|>L
32
o
aa
o
=
@
g
£
2
it
R

N
P
ol
)
H1
=
1o
=
ick
TN
tfo
N
>,
_(‘7_‘
A

-

WAAA, EgE  BLRE FTHRTEY 8 - T
E-mail ! dykim@kunsan.ac.kr

EZHT 2007 128 27H

RAA5E T 0 20085 2A 18H

DY

Discrete System, Eigenvalue Sensitivity Analysis, Oscillation Mode, Periodic Switching Operation, RCF

YO i 1% L oft

= oo 1% o

S plo b i
N

[z'(ot)]:[yn le] v(t) [PH Plz][;)ét h) [cu C12][z'(t0—h)] )

Yy Yplldl LPy Py t—h) Cy Cyp
A1) AL t-hell A tFre] AAAFS AeHo A
A& vEhAE, st AETL holAMe HHHogE e
e 2ol gejH
(I)(t’ t—h):[ Ysll YSIZ][PSH PSIZ] (2)
522
dutg oz Mgl He U dEFR 9
geHORRe ZAztel ARThINY Ao G A}
gote] e ol WATVO] G Ay RoldFo] ol
2t}

- Bltyty) 3

RCF 71 & 0|33t SVCe F7|X A9ld Sxfof o3t M S ISR Zzefy 363



BRPERNE 578 35 2008% 38

N
)
4
E
2
<N
X
=2,
X

I
£
-
2
2

2.1 SVCE E3ste olMAE NERE 54
SVCE EEsls 47IFdRA AEEY Ao B
g3 2rie].
v,
S
A }5
SvVC

I8 1 SVCIH MRIE UJ RSN HE AHED
Fig. 1 One machine infinite bus system with SVC
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Fig. 2 Block diagram of SVC controller
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Table 1 Oscillation modes with 108° firing angle

OFF ON
6 Step 7 Step 8 Step 9 Step 10 Step
-970004i385.0420 | 9347943842149 | -G.094J3R3445 | ~891434i382.9857 | -8.T0T 3825093

5 |[109540+]367.9889 | -10.5006+]368.8706 | ~102025+{360.6178 | -9.99B8+j370.2350 | -0.8476+]3M0.7671
o . . -44.6206£156,9700 | -44.5834xj54.5887 | -445331453.3867
; { { B | 0046118461 | ~0.0056+j1152%

-049%9 -346127 -3.120 05042

-339341 -04988 -05033 -3.3315

& o
OFF
11 Step 12 Step 13 Step 14 Step 15 Step

~88480£j382.7728 | -89138+j3R2.9857| -BIT05£j3R31616 | -~0.0188+j383.3095| -0.0605:j383.43%6
~9.9252%j3704680 | -9.9965+i370.2350 | ~10.0666£)370.0413 | -10.1118+j369.8780 | ~10.1595+]360.73%5
~4A5000£j54.0634 | 4458164545887 | ~44.5080+j55.0277 | ~446115%i56,3989 | ~44.6204+i55.7041

-007184j116884 | -00498+j11.8461 |  -0.08114j11.9725 | -00131120820 | AL

SO

-33116 -36.1263 -349697 -HA83Y
-03025 -03010 -05019 05007
2 RE a4 2
OFF N
16 Step 17 Step 18 Step 19 Step 2 Step

-0.05844j383445 | -B9OR+383 2538 | -BIL304j3R2.0857 | ~B&ITRHAR7G| -8.7706£§382.3093
-10.0005+369.9402)  -9.9958+j370.2350 | -9.91504j370.5063 | -9.8472+j370.757L
~A460634j56.2000 | -44.5826iA588T | 4450864539672 | ~4453434i53.3867

-0.02104§12.0400 -004964j11.8461 | 00714116752 | -0.0954j11.5235
-348863 -351263 -36.3397 -05042
-03012 -0.3018 -0.5023 1 -355307
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Fig. 3 Locus of oscillation mode 4 with 90° firing angle
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Fig. 4 Locus of oscillation mode 4 with 108° firing angle
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Fig. 5 Locus of oscillation mode 4 with 144° firing angle
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Table 2 Sensitivity analysis of SVC in continuous system
(x1079)

OFF ON

Kr Tr Kr Tr
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Table 3 Sensitivity analysis of SVC with 108° firing angle
(x107?)
OFF OoN
6 Step 7 Step 8 Step 9 Step 10 Step

Kr|| -37340-7.3997 | -25304-56030 | -1.7470-j4.2566 | -1.189832142 | -0.7746-j2.3846

Trll 33014+65424 | 22417449638 | 15445+j3.7634 | 1.0519+28418 | 04575+14767

OFF

11 Step 12 Step 13 Step 14 Step 15 Step

Kr|| 0.9%6-j2.9819 | -1.1872-j35121 | -1.3686-j3.9908 | -1.3061-j4.4203 | -1.6390-j483657

Tri( 03801+26364 | 104%6+3.1051 | 1.1985+35083 | 1.3306+{39160 | 14490+4.2752
COFF ON

16 Step 17 Step 18 Step 19 Step 20 Step

Kr|| -1.75%8-52161 | -14481-j46625 | -1.1817-j41530 | -09513-37076 | -0.7497-j3.3080

Tr| 15668+46110 | 12802+2.8886 | 1047+36716 | 08410+32778 | 0.6628+2.9245
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Fig. 7 Sensitivity coefficient of Kr with 108° firing angle in
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Fig. 9 Sensitivity coefficient of Tr with 90° firing angle in
SVC
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Fig. 10 Sensitivity coefficient of Tr with 108° firing angle in
SVC
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Fig. 11 Sensitivity coefficient of Tr with 144° firing angle in
SVC
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