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Analytical High-dimensional Static Voltage Stability Boundary Based on
Holomorphic Embedding Method
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(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, Hubei Province, China)

ABSTRACT:
boundary(SVSB) plays an important indication role in

Power system static voltage stability
monitoring voltage stability and evaluating the voltage stability
margin, so the rapid and accurate calculation of SVSB is of
great significance for the safety and stability of power grid. As
an ultra-high-dimensional multivariate nonlinear system, the
SVSB of a power system is essentially a nonlinear high-
dimensional boundary composed of the voltages which can
maintain the balance of supply and load under a certain
topology. This paper considers the SVSB as a voltage stability
hypersurface and proposes a new method to calculate the
SVSB. First, embedding

method(MDHEM) is used to find the multivariate power

multidimensional holomorphic
series(MPS) expressions for the bus voltages. Then, based on
the Cauchy-Hadamard theorem, the analytical relationship
between the SVSB and the coefficients of the voltage MPS
front and back terms is derived and proved, and through
theoretical proofs the proposed method is extended from
single-dimensional to high-dimensional scenarios. Then, based
on the derived SVSB analytical expression, the high-
dimensional SVSB calculation and voltage stability evaluation
methods are proposed. Finally, the validity of the proposed
method is verified in the IEEE 14-bus, New England 39-bus
and IEEE 118-bus systems.

KEY WORDS: static voltage stability boundary(SVSB);
multidimensional holomorphic embedding method( MDHEM));

Cauchy-Hadamard theorem; multivariate power series(MPS)
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approximants at s; =1
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Fig.7 Calculated SVSB with s;=1

by the proposed ratio formula
JUFES. R 2 R AR IR S A ik
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AR/ S s L MPS TR R AT HERf HEA SVSB.
MECTESREE, LR KEERMERIEE, M
B “MDHEMHIHEEILLL” J5ik, JEHRR= mi ks
&2 FMRFAERESSRIATTE SVSB HiRE
Table 2 Error of SVSB calculated by the proposed

method and continuous power flow method

JiiE 51 R ZEY 5 RFE %
VESLRIR 3.34 — 2.97 —
n=2 7.92 143.7 6.25 110.4
AR n=4 451 38.8 3.40 14.5
#I71E n=6 3.88 19.4 3.18 7.1
n=9 3.38 4.0 3.08 3.7
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[X 5k 3

8 IEEE-118 TRALHXTE
Fig. 8 Single-line-diagram of
the IEEE 118-bus power system with 4 areas

#3 IEEE-U8 P ERZEXET SRS RITNBNET s
Table 3 Classification of IEEE 118-bus system
X 4% WY N
X35 1 5 {1-23,25-32, 113-115, 117} 81
X 15 2 ¥ 15,{33-37, 39-49} 82
X1 3 A7 R£1{50-64} 3
X4 4 Wi {24, 38, 65-112, 116, 118} 54

ARICHTHE “ B JTVETE n=4,5,6,7,8,9 i
TR ERED A WE 9 Fron. SVSB HIfET
FIAATTIE BB Beafe 5, DRk, 7EZR PPl A B AN
TGRS AT T30 & XS IR BT BE) {1, 52,
s3, saARANINQ25) T, IR 1 BT ECRL, RIS R
HAIWNZIS AT CO AT . Flan, *TE 9 s
FERRET T, BEH «=3, s=1, s5=1, 5=3
RA(25), 515 0.72<1, FoRiZistr TikaE ]
17, HAEZVEALPY BANFERS 2] 10 ms.

H44%
10
ol — n=9 — n=8 — n=7 n=6
g — n=5 — n=4
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35
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3T (51351
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0 L
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B9 FrRA7AITE IEEE-118 Tim
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Fig. 9 Voltage stability boundary of subspace s,=1 and
s;3=1 on the IEEE 118-bus power system
using the proposed method
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Table 4 Accuracy of SVSB values calculated

by the proposed method under different &,

x100% < &, (31)
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. S s1RZE% S 52 R 2%
AT lw%  HIEME n
50 n=4 4.51 38.8 3.40 14.5
20 n=6 3.88 19.4 3.18 7.1
10 n=8 3.61 11.1 3.09 4.0
5 n=9 3.38 4.0 3.08 3.7
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