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Enhancement of Voltage Stability by Generation Redispatch

Hae-Kon Nam Chung-Gi Song
Dept. of Electrical Engineering, Chonnam- National University

Abstact -
closest voltage collapse point (CSNB) provides the worst
case power margin and the left eigenvector identifies the

most effective direction to steer the system to maximize

The distance in load parameter space to the

voltage stability under contingency.

This paper proposes a new generation redispatch algorithm,
which uses left eigenvector at CSNB to enhance the voltage
stability. A Newton method is used to detect CSNB point.
Proposed method is applicable to the selecton of appropriate
reactive power compensation and load shedding point
detection. But this paper make a point of voltage stability
enhancement only with generation redispatch.

The proposed method has been tested for Klos Kerner
11-bus system.

1. M E

Az AYAEe Aoz BHdn e AY, €4, A
A, AnA %y 5o Aoz A2g Kn $8ARE HH
= zo) olale Yoz WANAEL HAY ALE #As
Ao| ol MWolth waM 71E sz £¥M2E A,
3 A=A Fog A s AgAIselA,
A% 8 A(performance limityol 7HgA &38 ol g
olele BN 20 HYsn AP Ao Y 2z
2% ¥ag ¥l

AZNoz AYARE ANl F2 ZFANL) AHA &
o 4% =9, A4ATsAA Aln da Ahn F g A
PV ME WME AAsie] AYAUE 4L AY =& A
Qe AP 3 £YD £Fo2 AAF AHE BAY
BHe v AR Aryoich wetd AFTRsE AN o
FabA wiste Wy, N9 AYWFAAY AL ERY
AN A5z 9@ ¢nAFL Wez ¥ o
7159 wndEe A4 ATALR $AAYY FARE AA
Yojel Al 7t = P ge gol ARY + Atk

&% oW
)

Jo o

22 Dobson5ol YAAAAN S 71stey F4& 2@ 3
o WgEAYAY (CSNBIA e} AnfHEg Adae ol
AL Aol A EAAYL ALY RER2-4] AWARE ¥

—-235-

Aol 228 W& AFsA 2 Dobson5 & F3AQ
3 FEAYGFFTE TUY FHRNNS Aong nARAR,
wage Apue seistA agc AYARRE Adse ¥
Wozk 7H AGE FARAAAY puAdel 7Y 2AA
Q wyolgt. 2y AHEF AHE FHoIA FRAHA IS
BdAge] AFAE £4vto AYTIS FOHA Fn AU
ASE St i $4 noislel sx, o Yoz WY
AYEE $uY £ A¢ W Fpsdoz i nd
of ¥t

2 =godx CSNBAAMY ARE AEste] FERY T
qg TS Pade AFAL Fote] AYAAEE YA
Wil g 5-RAAE, Klos Kemer 11-2AA Tl &3] ¢
Yo AFHos A9 AGMAE SHEI AL S 2T
58 o] PYe AYAAE npo] HEA U AdHEe 3
fol g F88HA AHEE F ATk

2. H29HEe UM Ry A22E

Angues AGAAE VAL AE Y AFHAA AFA
wasiol #AE ANMoz Yokwrl A 1Y 13 @) b
A g 224 A% EojIqWe o2 golid.

a2y 1 AY AZAY AR



sA4e ¢ud A, 2¥H  CSNBAAS Aok (power
marginiel o} AFHE ¢ ¥ast Uckn sHAsA 2YAN
A 2%E HolZW Il £3Q -N.o wyes AYE 23
B o) HolIwozvy Ad, & aguNel A o
&% 4 Utk RE 2HY 8§ 2AHE Ae Hisse
2 N8 ABH YROE HE RE WiEHo BAM A
oMY Net N.of Adsl 2Rl A5 2Asl 48UE A
#32 Zgol BiEE LMY YRE 002 Aol FAsaE
R0 AR EAHY AolYgelth. AHzABe AsE 43
#u, Hze edYe

Ac= Ap—dN,

7 au.

@, d7ld Raagg aste TANYHR AcAE® X
4d 24 AAE ZHAY, 22z ¢Asls 4AE B
A9 Rl 2R,

2.1

CSNBellM #3fdee] a7l 2 2ol A% Astat
Axd fAE AxE 2.

52 A%E A2 Fol AunfAH APAA=A B
AYE Ao dvnA E 12 Y [l 288 52
A% CSNB Al Z3el gofelch

SR L 5-RA g Ry A EE a%f

1P a2 Pl @ D1 Pal 0 ) 1Pl @ )| Qu(V) | Qe V) | Qs VS

wy }0.4851 1 0.35130.7160 | 0.3570 | 0.0055 | -0.0326| 0.0074

wy §0.0157 10.0094 | 0.5214 | 0.0550 { 0.0009 | 0.8384.| 0.1477

Ay 1-1.100] 1.1500 | 0.7000 | 0.7000 | 0.6000 | 0.3000 | 0.4000

Ax §~1.100] 1.1585 | 1.1664 | 0.7492 | 0.6008 | 1.0493 | 0.5320

(x¢)}-0.055(-0.104 | -0.176 | -0.092 { 0.9603 | 0.9153 { 0.9681
{ 24)§~0.167|-0.162| -0.433 | -0.159 | 0.9567 | 0.5253 | 0.8524

B 1M RBY gede  CSNBAAMY Fugel( w,)9
A2/ A42H x,)8 7275k, CSNBejA S Angus 2
A4 P9t Qe BAY FnHAY Mo AR T 7
052145 083%4F 7tAnl, meld 49 29 $A/FRAAY
Wt dgetyse) 43 & Jge nAg 42 A8
oA 09153pucid 4 RAMdel At CSNBolA 0.5253pu 2
Astsle], o] 2ol AYAFEN 7} HG¢ UYL ¢ 4
etk o

AR Lol SolZwe MUYIHE JUsz 4
@D o8 £HYE AN A.Z JdUE AFE AHAA
£ AYE vhle) J9F FAUNE GEd B dEBE
YAFUF oIFAY Wel HAdwel YAE siNe D7) AN
M AolF dB 2R 2712 3R TAFE AS wsA
WA Wae SAHAN AZE APURE ANHE e
% ge gnelEe Wee v

vl Vi o =

@A 1] AT JE YT ICHEE @ va% a2 ¥
£ d714, de 2RE Fo=A 188 Al ¥
& Aol stepd 9@

@A 2] 4 @2DE ol8ad d9E AL Jeusd A=
& £33 Ac® AV

@A 3 N2E 237 Ac2 JIAREAE o|FAAL, 2 Ao
M thA CSNB & A¥s1 H& Ad¥e N.g
At

@A 4] AEE Nc& o8 AojR d2a 2L AR
o AzE £3F Ac & Avec

@ 5] CSNB7AAY Ael kit 93 gl #¥E AR
oA 3 % 48 WP

e o] guEFe By Yol A AP dE +
AE AL aFAE NP7 A% dnedgor AMEdE 9
o, AoF JE wlad 7R Fob B AMAIe] 279
oA dAEe 2ad AL oPn, A% 488
7l M E AolF d8 5~10(x base)PEQ Wl & go
2 A2 ol§ 78 dYste Aoz FEICh

3. Al

Xlos Kerner 11-2M 4%

28 (644 A8 AFS VARSI CSNBel wig 23
o HAE spo] e Aot o) AR L FTHa FuHolm
2, B3e 399 $4s8c CSNBE 23% + Urh #8d
Y g ¢age] Z/bE ne 2% A9 AR AARAA
o] Az

k=14,— Al = 0.006207 pu

® 2 Klos Kerner 11-24741% 2] CSNBelA2] W] N,

Bus # Np No |Bust# Np Ny
2 022159 | 0.28739 7 0.22415 | 0.08308
3 043775 | 030325 8 0.16708 | 0.06421
4 0.36309 | 0.1988% 9 0.10276
5 024515 10 | 009825 | 005087
6 0.34771 | 0.208% 11 0.21325 0.17653

E 2% CSNBelA o] A%< A7stg HE N, otk Ho)

A Klos-Kerner 11-24 4% A4Asd 712 & 4%&
Fe 248 1 2 R 4MEE 2E 3, 4, 61 Mo

S gEmol ofpt Molotss Bia

wel N,of RAFEY N7t 9E 5 99 RAL wHI B
Aoltt, Ryavel 713 AW ¥ARAL Nt MY E d&
e 3,40 BAGoln, FAAY W AYLAT) Y B
#4¢l M2 Novt 7h8 € 3, 23 R golth

~ 236 —



g 979 E2xe RaAuftel $RAHYL AolE EEy
gaae AR AYAFE mAE g 2l ¢
o Raage Aoyt dgdRd AxE Y o we
2R 228 ZAHALER B AFANE F2 BEY
ARWLE GFIR B, '

o] ABAE WA slackEAE AN 3As 2N Ne
1}, AR BA 118 FESE BAPe) nRHYTD
Mase] glo} EA 118 $ARden BHHD w¥UE A
294,

E 2004 9asl%e AngAHE FTRGY, AojRe
1 0.9223
Ae=ho=d[ o]
S UR Ayt o goldn gAflenz Av Aud d
so gom ANAG, 3 w7 4 ove HEARE 27}
% old) $FHE slack THE] BUFE F2ATE Aol
YAYEE PHAADE HE T 4 A
X3¢ Zaudel wavee 208 Nz nAsz
Aol 4% 109 152 B2 4 @GDol o) 2HAL AW
& M2 LARINS Aol of XLRH 7 THe A
o WAMA Aean weld eAY A¥M VGIRE ¢
ol BAAINGE R B 4 AT

(KR Y]

£ -

E 3. Klos Kerner 11-E2A4A% 2 AF4 & A¢ERE

Bus Base Case d= 10 d =15

# VOL _!ANGLEl VOL [ANGLE| VOL |ANGLE
2 1073584 |-36.1319] 0.90675 | -21.6487| 0.91415 {-17.9181
3 §10.72635 [-56.6351§ 0.89173 {-31.8174| 0.88812 | ~26.2664
4 1082708 |~55.1945] 0.92550 | -25.8810] 0.90432 | -17.4536
6 1 0.82737 1~53.30641 0.93901 | -25.8587] 0.92315 | -18.0827
T 1090804 |-44.6017} 0.95232 | ~15.7336] 0.94256 | -55270
8 §0.92380 |-33.89001 096173 | -7.8305 | 095834 | 17977
10 1096821 1-20.2416} 1.00540 | -2.1993 | 0.99965 | 4.5517
11 ] 0.89827 |-38.4447] 0.99997 | -15.2684| 0.98773 | -7.709%6
3 0.0062 2.1492 22379

dARAAS] Ag] k& Aol Mol 000622 3| vige]
Ae AgelAgt, 4= 1022 4ystn ¢AAE 24 FdE
S E okl k7b 214928, 4= 159 g 228798 B7hsted
AB Ao 2R E 433 olHd A%ol HE ¢ 5 . &
drdMe ez wade HLuade aalsgod, ¥
A pdduzAA xgsddd o azyelds Aoz 4
Zrech $dy Ao o] o AUGAAE A Aty AM
Zeol A o wWushg 2l Aol HMolE 39 RS At
0.72635 puclAY el Aol Feji 089173 pud F+dd B
o) AWt

4, 8 &

B =28 CSNBIMY Hnfdels AYAHE 48 9
® 73 EHNQ Ral/ wdel wshRe A 2HL
olg3ted AFY ¢LAFE ANHAL o AFH PnAZE
Klos Kerner 11-24 A% 348 23 dA2vpe 453
F7H4 ¢ AATho) BRAE AYAAE AMe) o9 E3HA}
U5E FEAY HyAvel Aol§ maAsA % ¢ A
MEeg nae Avolmz, FAAY Hule Moy 1o
U9 dHE $HAGE o AAE Aoz g,

B ERA AL 43 YudEe 4Ae AL 44
sod AYE o@gd YW g AAHAEe A9
AAE A 2 JllE ¥ HoE Addn, B8 2ais} was
A AFREACl FRE M2 A FHA Lol
M, AU PURUE VAANR] FFoz FHE Y
A A28 Aort ohd # o YRR AmE Aol
A4enedzo) dY VAF 236d & 4+ UL Aoz Ay
ar.

At dnAEe AA%S AYAcd 23 ey
W] AHAE § o Oed AAE W2 A¥el $8u
MAEE H5Y "ast Ao

a8

{11 Y. Ichida, “Studies under way in Japan for improved
analysis of voltage related system behavior,” Proc. of
bulk Power System Phenomena, Missouri, Sept. 1983,

[21 L Dobson, "Observations on the geometry of saddle
node bifurcation and voltage collapse in electric
power system,” IEEE Trans. Circuits Syst, vol. 39,
p0.240-243, Mar. 1992,

{3] 1 Dobson, “Computing an optimal direction in control
space to avoid saddle node bifurcation and voltage
collapse in electric power systems,” IEEE Trans. on
Automatic control, vol37, pp. 1616-1620, Oct. 1992.

[4] L Dobson, "New methods for computing a closest
saddle node bifurcation and worst case load power
margin for voltage collapse,” IEEE Trans. on Power
systems.. vol. 8, pp. 905-913, Aug. 1993,

5] & &7, ¢ A2 " Ag A4 dARE Adste
dneizel B4 Wz, ARy dAtEds =
23, pp. 1078-1082, 1997.

[6] K. Iba, H. Suzuki, M. Egawa and T. Watanabe, "
Calculation of critical loading condition with nose
curve using Homotopy continuation method,” IEEE
Trans. on power systems, vol. 6 . no. 2, May 1991

—237~-



