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Simulation Analysis of Effect of Secondary Voltage Control
on Long-Term Voltage Stability

Liu Mingbo, Chen Quan
( College of Electric, South China University of Technology, Guangzhou 510640, China )

Abstract: Based on slow dynamic characteristic, the components including generator, excitation current limiter, armature
current limiter, transformer with on-load tap changer (OLTC), load and secondary voltage controller, which have great effect on
long-term voltage stability, are modeled. Hence the quasi-steady-state model of a whole power system is constructed. A
sequence of transient equilibrium points in dynamic evolution process are computed using time-domain simulation method,
according to which dynamic process of long-term voltage stability can be depicted and its fast simulation can be realized. Also
simulation results on a 10-machine 39-bus system are used to analyze effect of the secondary voltage controller on voltage
stability. Results show that the secondary voltage controller can improve voltage profile of the controlled area and voltage
stability during voltage drop or instability.

Key words: long-term voltage stability; quasi-steady-state model; time-domain simulation; secondary voltage control

0 Bl= RS0 K I . Ve B AR B % FR B 7
s TR, BT T R AN Gk R

B 10,3 A B AN PRI S  ge gme  3 T A b — (E BER
MR RIEA T TRIRNZ — “HARTERIE  goernsmin — gg i i Pl an, 1550 510 00 LR 22
AR IE PR VPSRRI g e o b O S LU B RTIURA, TR
XS A A4S . Unfe] @ 2 TR R SRR FR L RS2 ARG B AR5, 155X
el AT A B R BT 1 R G R R Fa & SIS S St e, Se e S
SCHR[1AER T SRR BRI I T el ek NRGMTIO ML, WA TR

¥ BH: 2007-06-29

EL£TH: BEXARBSEETHNAE (50277013)

YEE B : XA (1964-), 5, BIRIGIEN, REH LRSI, WEASIN, FENFEIRSMA, S17 5867 marsT;
MR %5 (1981-), 2, WIEFEEBHN, BB T RSAmI 0P oE 2k, FEAE 5 ) 0 11 R G s da g i S A



30 72 I 2 DO /A == S

2007 4F

Y P TR SRS, S SRR R ST T AT
DIIE. B T Gl T R )y e 5 P
W, VAT T O ELHEE ., SOk M T ot R
BIIEA B AR, B T — R 00— R TR R
FEU 5% Hs b ACBE 2R R 22 BN ORI R R 2
B ET L L AREA BB LIS T I
B, AR .

SR IR AR, SR 5 B o —
RGTEI | I R AT T RS
Fl R R PR, T 57— G st 0
LRI

1 RETHER

1.1 BEHFEBHM
ALK = B sl

w_,

dr (l)
do

JEE;ZQ%UL—EJ, (2)
. dE] . .

]Zzod—;=_Eq+Ef_(xd_xd)ido (3)

e 6 EHAM; oM UMELME; £ TSR

Py B JRIREHRE s 7 R g BRI R AL
Il 2R Gt R REAL . PR i e AR A R

m kb ey . BRI AICRIP L . B RGURRE & 5 7

YA, A R
| BRI ey
| SRR
) b o Rl }—r\ e
|

LIPAES Y i

EH1 RYEZBIM%EREEMIER

Structural diagram of excitation system of

-«

[

Fig. 1
synchronous generator
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Fig. 2 Simplified exciter with saturation
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Fig. 3 Control system of transformer with OLTC
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Fig. 4 Structural diagram of power system when
secondary voltage control is available
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Fig. 5 Scheme of secondary voltage controller
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Fig. 6 One-line diagram of 10-machine 40-bus system
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Table 1
secondary voltage controllers

(17)

Voltages of some buses without

2 Vs V(, V Vs Vm VAU
0s 1.033532 1.035232 1.030499 1.032308 1.038657 1.032249

30s 1.012153 1.015298 1.000993 1.005633 1.020589 1.016681
35s 0990859 0995672 0970858 0983686 1.006322 1.004023
40s 0969543 0976141 0.940702 0.960745 0.993664 0.991662
45s 0948156 0.956811 0910586 0.938434 0978195 0978874
50s 0926783 0937404 0.880590 0915781 0.965226 0.966 839
55s 0904667 0917946 0.849892 0.894090 0.950581 0.953872
60s 0.884365 0.898427 0.818878 0.872094 0.935956 0.941359
65s 0.862824 0.879193 0.788635 0.849256 0.921308 0.928402
70s 0.841523 0.859744 0.758416 0.826354 0.906640 0.915422
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Table 2 Simulation results of the generator 31

without secondary voltage controllers

w2z, 0, P, 0, Ey C
0s 0994565 0433340 5251441 1436418 2.107914 1248877
30s 0975994 0428768 5281543 1542221 2.136628 1242487
35s 0959875 0425469 5311649 1.647969 2.165327 1236675
40s 0943721 0422306 5.342567 1.753205 2.193325 1230854
45s 0927760 0419082 5.372633 1.858906 2221693 1225051
50s 0911484 0415684 5405636 1964174 2250165 1219154
55s 0.895196 0412428 5435777 2.069873 2278487 1213339
60s 0.879217 0409431 5465835 2172571 2307644 1207576
65s 0.862964 0406016 5495852 2277775 2335747 1201713

70 s 0.846514 0402589 5.522351 2388642 2366337 1.196012
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Table 3 Simulation results of the generator 32

without secondary voltage controllers

ETI EIJ ViZ 932 P32 Q}Z E 832

432

0s 0.994033 0453796 6.193442 1.558 523 2.081812 1.278241
30s 0.978493 0450577 6.196899 1.645961 2.109377 1271776
35s 0.965467 0447576 6200325 1.733 393 2.136931 1.265675
40s 0951767 0.444569 6203724 1.820 691 2.164492 1.259621
45s 0938168 0441584 6207125 1.907 894 2.191691 1.253532
50s 0.924546 0438579 6210521 1.994 878 2219247 1247531
55s 0911287 0435542 6213946 2.082 419 2246746 1241508
60s 0.897563 0432547 6217348 2.169 835 2274280 1.235499
65s 0.883765 0429451 6220757 2.257 247 2301695 1.229503
70s 0.869984 0426412 6224560 2.345467 2329896 1223411
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Table 4 Voltages of some buses with

secondary voltage controllers

Wy, v, v, v Vo v,

0s 1.033532 1.035232 1.030499 1.032308 1.038657 1.032249
30s 1.020144 1.023548 1.012614 1.017687 1.030044 1023110
35s 1.007154 1.012069 0995461 1.000699 1.022023 1016851
40s 0994093 1.000572 0978197 0985698 1.013998 1.010600
45s 0980907 0.989065 0.960683 0.970679 1.006039 1004012
50s 0967843 0977551 0943422 0955478 0.997961 0997754
55s 0954748 0966049 0926154 0.940482 0989907 0.991207
60s 0.941746 0954545 0908775 0925464 0981842 0.984509
65s 0928655 0943047 0.891377 0910414 0973765 0.977807
70s 0915546 0931524 0.874010 0.895223 0965664 0.971002
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Table 5 Simulation results of the generator 31

with secondary voltage controllers

oy, 0 P, 0, E 8,

31

Os 0994565 0433341 5251441 1436418 2.107914 1248877
30s 0982404 0436208 5304269 1574584 2.087078 1.244685
35s 0974278 0439072 5356968 1709040 2.066571 1.240527
40s 0966019 0441925 5409282 1845199 2.046215 1.236398
45s 0957991 0444791 5460978 1981214 2.025899 1232241
50s 0949834 0447652 5513795 2117735 2005737 1228142
55s 0941678 0450466 5.566636 2254686 1985321 1.223989
60s 0933674 0453302 5.617909 2391198 1964908 1.219844
65s 0925223 0456121 5670751 2527703 1944512 1215696

70s 0916555 0459142 5726894 2664978 1.924085 1211548
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Table 6 Simulation results of the generator 32
with secondary voltage controllers

s 2] Vo 6., Py, (0 Ey 5,

0s 0994033 0453796 6.193442  1.558523 2.081812 1.278241

30s 00984544 0457321 6225665 1.670135 2.068462 1.275579
355 0976331 0460833 6255363 1.776961 2.055493 1.273 066
40s 0968065 0464329 6.285395 1.890449 2042556 1270538
45s 0959941 0467841 6315379 1990681 2.029627 1.268019
50s 0951580 0471139 6344477 2.100573 2.016756 1.265526
55s 0943178 0474792 6374055 2210179 2.003788 1.263025
60s 0934772 0478291 6403967 2319166 1.990724 1.260509
65s 0926309 0481798 6433579 2423153 1977835 1.258012

70s 0917844 0485524 6465451 2.544850 1964840 1.255484

e s Fide 6 AT i, 2% g0 R I
o, 9 31 R 32 100K LT R A S R
W, IR 5 HLBLYS L SR 1Tt

T ELEE AT DA, ol TR A R
HOF PR, JERGSR R R E . DO — R R g
IR — R BRI, RO AR A K R 1) 7
KT RIS X b g — e AR ) B B0, AT i 0
REUFEREPER F 0. H CIKBRRE PRI g R
Pl 38 0 S S A P PRI B KBRS A
., B AQ AR S FE 2R, PR
FRAH ALK B L KPR s TG B T



a4 XA, R &

R P O R e TR RE I ) 7 L3 BT 35

PRIUAE — s e il g v i R L ) sl 2 B, S I
T A HLIC T B BRI, Fi R i FRL IS £ 1Y) LU A3 ol
TCININRAEA KLz o ie, B RGPy &
PLREPRFF LI R R LI, XEIEIES Ao,
TEBA BRI K AL Z [ EOB e . R RG>
XA PAAE SRR DX He KPSy H RS 8 B 4], AU
SRR ORI s AT SE B R,
TCEFEIT A ] XN A 7Y TG ) L e
H e RS 1k

1E New England 39 19 5 248 B0 HLARAED]: 78
ARG RSN, g HAE I A BR 8 I DX R
T8 B F BE R, AR A U R AR R AR I L R S %
{EL, MM HTCIIH Ty, RGeS 1 T 5L
R, A5 52 45 DI 17 17 L K P E R 4 B IR
A, MRS 7RG R ERE M.

5 45t

AR R RS ARSI 14 A S L A A2 R e I
DFEIFEAT THRER . PG ) AR HL i 203
o CELL 10 Pl 39 WRIRGOATIE T HITH, 454
RIS S BTSSR T, 0 R i Af
7 H X ) 2R G0 AR E P ARG ROV . i I T
s SRR RE R, O R T DU X I A R 114
FRE S, DIRIAS XS 2% L T/ JGH) SRR IR G
J1, BGE DX A K R 5 R G R AR E

% 3k

[1] PhTEE, EEI7, PN, i R 0l R4 e
[0 WARGAMK, 1999, 23 (9): 9-14.

2] F B U, k. BRI g R
0 BARGAL, 2002, 26 (20): 11-17.

[3] A, & W PR R SRR RS M) B
AL, 2003, 23 (9): 31-35.

[4] FRPOK, INESE, SRAABT, 55, P g0 4l Ao
D BARGASME, 2005, 29 (23): 19-24.

[5] Feng Dong> Chowdhury B H s Crow M L, et al. Long-
term voltage stability study using the quasi-steady state analysis
method[C]/IEEE Power Engineering Society General Meeting.
Toronto: [s.n.]> 2003: 2646-2651.

[6] Van Cutsem T, Jacquemart Y, MarquetJ N> et al. A
comprehensive analysis of long-term voltage stability[J]. IEEE
Trans on Power System»> 1995, 10 (3): 1173-1182.

[71 bBUJssE, FA WL, AR RS A A BRE 23 OB
Foas B RS . o E AL LR, 2005, 23 (12 )%
74-78.

[8] KSR, MROUHT, HeEkER, 55 B IARENIT B AT A
R W7 k7). W R G A S 4, 2000, 12
(6): 9-13.

[9] Karisson D» Hill D J. Modelling and identification of nonlinear
dynamic load in power systems[J]. IEEE Trans on Power
Systems> 1994, 9 (1): 157-166.

[10] Martinsl N, Ferrazl J C R, Gomes Jr S, et al- A
Demonstration Example of Secondary Voltage Regulation:
Dynamic Simulation and Continuation Power Flow Results[J]-
IEEE Trans on Power Systems» 2001, 9 (1): 791-796.

[11] #Rg=il, SHLT, BESNE, 55 KM AR E i phig 0y 5
FEUER ). AT RGE A DML, 2000, 24 (24): 9-11.

[12] #& %, Br Hr. “ZOBRERIRIRY (—)p). AORS
AZhk, 2000, 24 (12): 20-24.



