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##4270209721 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: Simulation / Fourier Transform / Stability
KRITSANA WITHIRONPRASERT :An Application of the Fast Fourier Transform in Transient
Stability Analysis THESIS ADVISOR : ASSOC. PROF. Sukumvit Phoomvuthisarn Ph.D.,

THESIS COADVISOR : Songsak Chusanapiputt, 95 pp. ISBN 974-172-161-7.

This thesis presents a calculation method for network transient with good approximation
for its impulse response. For a given contingency, as the parameter is varied and a network
approaches to be instability, network transient has its energy of response signal increase smoothly
and predictably towards an asymptote which it defines a network’s stability limit. Using a basic
and well-known Fourier Transform approach, a simple function is derived which estimates
network stability limit. It appears that the signal energy behavior provides a powerful model for
understanding the effectiveness of such long-used concepts as stability margin.

A frequency- domain stability criterion is proposed, based on the observation that a
network’s behavior near stability limit is governed by the action of its dominant pole. Essentially,
the criterion requires to monitor using the Fourier Transform of the network’s transient response
at a number of locations in the network. When power generation is varied and response of
network, itself, crosses the stability limit, the representative of system’s angle of the network’s
transient response with fundamentally changes its behavior, as monitored at least one location, it
is exhibited a counterclockwise behavior. The main feature of polar plots is that any unstable case
is exhibited a sustained counterclockwise rotation, including a spiraling-in characteristic with
increasing frequency. The Fast Fourier Transform, though preserving counterclockwise rotation

for the unstable cases, fall slowly to the origin, when the unstable system is founded.
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Fourier Coefficients in the Complex Plane
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1381an (Rayleigh’s energy theorem) [2, 5]
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AT NN V.1 511’0yjammawumﬁ@mmmimu‘n“lﬂmﬂmi’smswﬂwaﬂMmmmummgm

o faaliihveunsos | deluihveslnanlu
UINaUUa v A
futia Tl YU
nugay o
5 Uszinmife
Ue VUIA N P, Q, P Q,
(pu) (deg.) (pu.) (pu.) (pu.) (pu.)

1 1791994 1.04 0° 0.716 0.27 - -
2 esIau 1.025 9.3 1.63 0.067 - -

3 ST (e IaAT] 1.025 4.7° 0.85 -0.109 - -
4 1a lvian 1.026 22° - - - -

5 Talvian 0.996 -4° - - 1.25 0.5
6 Talvian 1.013 3.7 - - 0.9 0.3
7 1a lvian 1.026 3.7° - - - -

8 1a lvian 1.016 0.7° - - 1.0 0.35
9 1a lvian 1.032 2° - - - -
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AT V.2 VoyANIUDITZUINATOUYUIA 9 1idl

GIPRT P!
VoA . - o R X Total line
FYFIUTUN NNUA 3NSTG ) . ‘Vifl)’f)uﬂﬁﬂ
(pu.) (pu.) charging(pu.)
(kV)
1 2 7 0.0000 0.0625 0.000 18/230
2 7 8 0.0085 0.0720 0.149 -
3 8 9 0.0119 0.1008 0.209 -
4 9 3 0.0000 0.0586 0.000 230/13.8
5 9 6 0.0390 0.1700 0.358 -
6 6 4 0.0170 0.0920 0.158 -
7 7 5 0.0320 0.1610 0.306 -
8 5 4 0.0100 0.0850 0.176 -
9 4 1 0.0000 0.0576 0.000 230/16.5

Taosvualiiia Base tM10U 100 MVA Lag 230 kV e 4
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w3oarudialiih w3oarudialiih w3oarudialiih

annls

9 1 97 2 7 3
H(secs) 23.64 6.4 3.01
X, (pu.) 0.146 0.8958 1.3125
X, (pu.) 0.0608 0.1198 0.1813
X, (pu.) 0.0969 0.8645 1.2578
X', (pu.) 0.0969 0.1969 0.25
T, (sec) 8.96 6.0 5.89
T’qo (sec) 0.31 0.535 0.6
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A15°99 9.4 Yoya Exciter vounioetuia Ilihvesszuunadouvuia 9 1id

Exciterﬂl@ﬂlﬂ?ﬂﬁ Exciterﬂl@ﬂlﬂ?ﬂﬁ Exciterﬂl@ﬂlﬂ?ﬂﬁ
aunls . . .
Autia Ivihéan 1 futia lvlihéan 2 Autia lWihéqn 3
K, 20 20 20
T, (sec) 0.2 0.2 0.2
K, 1.0 1.0 1.0
T, (sec) 0.314 0.314 0.314
K, 0.063 0.063 0.063
T, (sec) 0.35 0.35 0.35
SulEy o J=0.0039:1%5%1 ~123
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N1 (s) 1 J‘Nz(s)
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