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A Method to Accelerate Convergence of Hessenberg process for Smali
Signal Stability Analysis of Large Scale Power Systems

Sung-Geun Song’
Chonnam National University’

Abstract - It is most important in small
signal stability analysis of large scale power
systems to compute only the dominant
eigenvalues selectively with numerical stability
and efficiency. Hessenberg process is
numerically very stable and identifies the
largest eigenvalues in magnitude. Hence,
transformed system matrix must be used with
the process. Inverse transformation with
complex shift provides high selectivity centered
on the shift, but does not possess the desired
property of computing the dominant mode first.
Thus, advantage of high selectivity of the
transformation can be fully utilized only when
the complex shift is given close to the dominant
eigenvalues.

In this paper. complex shift is determined by
Fourier transforming the results of dynamic
simulation with PTI's PSS/E transient
simulation program. The convergence in
Hessenberg process is accelerated using the
iterative scheme. Overall, a numerically stable
and very efficient small signal stability program
is obtained. The stability and efficiency of the
program has been validated against New
England 10-machines 39-bus system and
KEPCO system.
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Hessenberg processs 5% 27|71 & 2HAE 4
Heow Asle 540 Uyl W olE idAE
AggE-g \gse] ST I3 olg dydiMe

¢ (residue) 7t EAsl A" d3e A 163
o]7] W&o, x5 #HEA oUlR FAF7 HaMe
ubEW (3)o]u} Rayleigh quotient® 3 deflation(1)
& A8 #art o,
Aeeide WEdE e 71A gl AgHUS Y
FA< ZHeZ Cayleigh®® =¥ S-¥sy Bis

ol%d & (inverse matrix with complex shift)
o] qvd. S-EEe AuiH nHAE BAET T2
Axrete Aol glovt AMA(selectivity)o] &%
GAo] td, BEag olFH dgdEe MEAL goiu
U A 5E5go] U piAeE FREA olFH st
& DHARS A Fie Gl U (3)(6). GEkA
EE A n{HAE 787 A e Basy o848 E
A Foe dige] gla) @Al (scan) st o et

9ot o] mAME UAHT Y] W AT} 9l
oy zZ wye AdHE 16}]0}&1 7“**@ 274 s}
o, 2 =FoME Hessenbergdel WHEY & 7—‘1%401
BEAHS AN AFAFEY FH AR A
Z Fourier #&sle] dgido Bag olBHE 43
Z ol Agdted AEAol Holun AEALE dF &
AN TlaAE T dAEE AddT

2. Hessenberg Process

Hessenberg. Arnoldi ¥ Lanczos processe %+
nXnBd AE ¢a13 A (recursive) A4tel &) *PH
Hessenberg 8% HZ ®&dte AHQA BAA Y3
W, Arnoldi 2 Lanczos process?} -r?qﬂii EOP
Aste] A wstE BIZ 61, Hessenberg process
E FxAog dAste A wIrt BB §&AHY

wholr}. Hessenberg processel ZelMeE 8 (1)
(2] A3 NEHAenR A7IME UFHE 7 e
s

#ad X pe HdEEQA ¥ x, 7t FolA of,
Qole HWE ¢ 2 AlzElM WE ¢yl B T
& Aol o) AT ¢ A,

brar = kpeicrer = Ac,~ 20 it (1)
A7 k& b,ﬂg As AFle Aol
h,‘,‘t—:‘ Criy o] X1, X9, ", Xy of 2 JL?—J.'E}'“E‘ Zz71& }\}‘%
g AFE 4 k. A (D& FE2 vl o
g gt}
A-C=C-H (2)
g4 AZ upper Hessenberg 32 Wdlsle 73
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(2)E X9 m-ztY FEZAA L1 o] EHHEY,
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H,& d433ia
H,-P,= P,-D, X, = C,P, (4)
A X, AY m-/1Y nH¥YE, P,& H,9
aH¥E #¥Eeln De H,9Y IHFANE FAL U
gPolth, A, x, 8 47 BF AY A IR/AG B
g std, o el 23 Jgle f4 4dg
(residue vector)= 4] (5)2 FoJFE Y & sld.
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0=y Xl i Chp Dall 2 6
4 (B6)o] ¢l3te] Hessenberg processE A&3td
LC'rL}‘{sl- A 2HA, 2RYE FEEE AFE F A

Yr =A- x,,—/l,, c Xy =

v ¥ (lterative Scheme)
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m-34 REFLOE sl FIF m-Me nHA z
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283 AGBRAN A A LolAE A A
=gA sHstnz 2 (6)odM 4,9 Aetd o] gke
He94 evT gord WA A (8)o 27 AHE

A4+l Hessenberg processE ¥HEFT}

3. AeidHo st MEHM
S-HFe AeyPP L A (9)9} o] MBI},
S = (A+hI)YA—hI)"! : (9)
A E A9 TRAE Ay, #BE S THAE A
g} &t o] Alolole thg VAL AYE}.
_ Aath
2 = 55 (10)
ANNAXN REREgd &2 FHEF e 2 RA
o} S-¥EE PP nHAY FAE 245 HHE B
Alstd 2% 17 2o, a2 HFEd se 1f
AES & HUHHoZ o|edFE AV E FS
7kAl 22 Hessenberg process® A& w 23
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Fig.1 Mapping properties of
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Fig.2 Mapping properties of inverse
transformation
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Fig.3 Block diagram of Hessenberg process
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Fig.4 PSS/E result with New England
39-bus System
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Fig.5 Fourier transformation result with
New England 39~Bus system
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Fig.6 PSS/E result with KEPCO system
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Fig.7 Fourier transformation result with
KEPCO system
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