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An Intelligent System to Prevent Voltage Collapse
for A Power sysiem

& 1F H°
(Jachyeon Gim)

Abstract - In order to prevent voltage collapse, this paper introduces the idea of the intelligent system and operating
polices for a power system, then presents the results of voltage stability studies for that power system. The intelligent
system includes a dedicated computer doing calculation and evaluation jobs and several intelligent relays serving as last

guards to carry out the pre-set remedies.

In the intelligent system, P-V curves are used to determine the operating

margin from the current operating point to the maximum operating point, or the nose point. This paper suggests an
operating guide for voltage stability of a power system. The effectiveness of location and amount of load shedding for

the different power load models are studied.
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Figure 1 P-V curve and operating margin
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Fig. 2 Functional block diagram of the intelligent system
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Figure 3. Structure of the intelligent system.
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Figure 4 Three P-V curves representing past, current and
future system conditions
23 4 A, 84, € vy P-VEA

22 Ay 934

TPl T 7HA 78] HE el lod FRAG M)
Axoltt, o] HEL FAAS A 3 HAE FF 22X
£ dAse 71Fe] He ez Fasith 2¥€s@)~de
AEY Aeg ZAs=d AgstE 71Eel HE FEIH
E =R ARFL AFY olF Az A AEo] HEH
o2 2HY 4 & 4 oFF vehdid, 04REE @4
Abael|l A AEe] AAAHoz A" 5 e FE 9.
tha] iy Ty ABAET 2AYe] 2V A F o FA
7 B E A% Aoz A F U Hol
T uAREED £Hde] AW AT @9 Anrh TANE
A4xez FAHE Holdh o] FHE TP AN =2
£ A% Rz gystns) o] FAlaY e Fatdg
fo HaE BAdel B oE U A0MPE CIFARE
Fadf7 7hd we s e Helw s AOMsE
g AlnFE FEGE5 A% e A3t de Fdeolw sy,
AT HAHLRE AOMpT AOMsHE FE + At
Y AOMpE HARHoE AL AOMpETH & A%E
gy ofm o]F Almeld AFL AL BELY
By Ralierg A0, Y AE AL AOMs
5 ARReZ W RE Ao AT ¢ddlde HE
B2 2ade sALD ¥E1e AHAFY A
ZAA o] Atz H4e FAAFE vebd Aol ¢
d AQMs7t 578%%5 ApAeoz | Hus HGAFA
%9 Ao £AAE o] AL HFE7) $fistd ¥ Bg&
i aggs ez @ Aol 2R AEHEL 578%E
e e g@Eelz] gt}

473



SRB U B S0A% 108 20015 10A

474

Bus voltage Alert Point
{PU] /
1.
P-v cuer shrinks due to
0. worst dut‘ble contingency
0.6 fl
B e |
0.4 |
02 |
0 | { | | |
’ 0 5 0 15 20

System Eoad {% above Current Operating Point)

(a) System collapse after a double contingency

Bus voliage Alert Point
[PU]
1.

After double colltingency

0.8 Before dol.lble contingency

0.6—

0.4

0.2

0 L Ll !
: 5 10 15 20
System Load [% above Current Operating Point]

(b} System survives after a double contingency
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{c) System collapse after a single contingency
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(d) System survives after a single contingency

Fig5 Alert point and Emergent point
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Table 1 Percentage operating margin and reduction of

mergins of severe contingencies for 3 modeis
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Peak with .
Peak Load Mid Load
Max. Transfer
AQ a0 AQ
OM OM OM
M M M
Base Case 256 _ 11.16 - 17.06 -
#1 1.56 100 138 3 11.28 578
Single | #2 0.03 253 7.13 403 13.75 33
Contingency | 43 2.06 .50 9.19 197 1406 3.00
#4 0.03 253 353 2.63 1475 231
#1 Div. - 2.16 9.00 B.66 B.A40
Double #2 Div, - 516 600 1225 481
Contingency | #3 Div. - 525 5.91 1213 494
#4 Div, - 5.38 5.78 12.50 4.56
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Table 3 Generation, load and shuni compensation of three

power flow models
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Peak Load with Max. i
Area Peuk Loud Model Mid Load hlodct
N transfer
° Gen. Load (Shunt| Gen. Load |Shunt{ Gen. | Load |Shumt
5352 11567 772 L1367 7132 | 10389
1 K 4132 4075 3527
+i1994 | +ij282 +il406 | +i3282 +i87] | +i2048
gi07 6312 8737 6312 6311 { 5669
2 . K 1696 . ] 1583 . 1381
+2830 | +1078 +1564 | +j1078 +i648 | +968
11233 7350 10175 7350 9932 | 660
3 . X 1655 | . 1638 | | . 1471
+H1845 | +j1325 +il164 | +il325 +H1079| +i1190
122 452 122 452 122 406
4 . 70 . o] 0
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Table 4 Percentage operating margin and reduction of
margin due to contingency
®4 72 Ane AS %FAH9 o ws

Peak Load with Max.

Peak Load Mid Load
Transfer
Cont{ Outa Cont| Outa Cont | Outa
. OM |a0M| | OM |aoM| | OM |A0OM
ing. | ge ing. | ge ing. | ge
Base Case | 256 - | Base Case | 1116 - ] Base Case [ 1706] -

4|16 |oodi253] 5| 1G {713 (403 | 12 [ IT |1131{ 575
3016 |om|253| 12| (738|378 5 | 1G {1378( 328
42| 1L jOTB 181} 4 IG | 853|263 78| IL (1409 297

al i |om e | 316G 900|216 4 | 1G |1475] 231
s 1L tom|rs| 78| 1L [919] 197 | 79 1L |1488) 219
1G [ 113 144§ 42| 1L [ 944 [ 172 3 | 1G |1544| 162

1

2116 |1aa 113 a1l 1L Joaa 172 | 42} 1L {1559 147
7] 1L {150 1106 4 ) IL 1963153 ¢ 41 | 1L | 15691 1.37
4 {1L1G{ Div. | - 8| 26 {216{900] 8 | 2G [ 865 | 840
5 |1LIG| Div. | - | 17 [1L1G] 516 [ 600 | 18 | 2G [1213] 493
141 2L [ Div. [ - [ 16 [1L1G] 525 [ 561 1 16 [1L1G|12.13 [ 493
15| 2G | Div.{ - | 13 [tL1G] 538 [ 578 | 17 {1L1G|12.25] 481
B8] 26 [Div.|] - | 18] 26 {566 550 13 |1LIG[1250} 456
20 |ILIG] Div.| - | 27| 2. | 600516 27 | 21 |12831 418
2t JILIG  Div. | - [ 15] 2G [ 625 {401 2 [ILIG[13.00] 406
22 JILIG] Div. | - 1 2 bILIG} 628 | 488 { 22 |1L1G{1313] 3.3
Note :  1G : 1 genmerator, 1L @ ) circuit of 345Kv Line,

1T : 1 345/161kV tansformer, 2G : 2 generator,
2L : 2 circuits of 345kV line,
1LIG : 1 Gen. and 1 circuit of 345kV line,

Div. | Non-convergent power flow case
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Table 5 Operation margins and maximum operating point
for base cases

B5 Fad e Hd £AF

Power Flow | System Max. i
wer How | =S oM | oMawy | M Opwersting
Model | Load(Mw) Point(MW}

Peal with
25,681 25 657 26,138
Max. tansfer
Peak Load | 25681 11.16 2,866 28547
Mid Load | 23065 17.06 3935 27,000
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Fig. 6 Effectiveness of load shedding of selected
contingencies
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Table 6 Average effectiveness of load shedding for
selected contingencies
B6 Z Almel AS Fahagked W E HFT AGE

Effectiveness of Scheme | Effectiveness of Scheme

Power System

Flow Load A load Shed. B load Shed.

° [%6/100MW [IMW/100M | 3¢/100MW [ (MW/100
Model | [MW] L5] w Ls] LS1 MW L.S]

Peak/wMa 228 -

5681 | 068 - 080 | 175 - 205 | 088 - 0%

X. trans 224

2m -

Peak Load| 25681 | 086 - 113 | 218 - 290 | 109 - 129 | *

%5 -

Mid Load | 23065 | 050 - 133 | 208 - 307 | L35 - 147 | T
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Figure 7 Effectiveness of load shedding for selected
contingencies
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Table 7 Average effectiveness of load shedding for
selected contingencies
B7 4 Alare] Ay Rapabded e #7 dEs

Effectiveness of Scheme Effectiveness of

C load Shed. Scheme D load Shed.
[96/100MW | [MW/100M | [26/100MW | [MW/100

L5.] W L.S] LS MW L.S]

Power Flow | System Load
Model [MW]

Peak/whax.
trans

25,681 079 - 0.85| 203 - 218 (053 - 0.B0) 136 - 154

Peak Load 25,681 .90 - 1.10| 231 - 282 1060 - 063|154 - 162

Mid Load 23,065 110 - 1.47| 254 - 339 058 - 066|134 - 152
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Table 8 Required MW load shedding to improve operating
margin from 2.56% to 4.03%
B8 FRASFE 256%AM 403%=2 F7Hsls] g HE)

Aoy
Load Effectiveness Re:,;nred MW Load Shedding
ost
shedding | [%6/100MW ) Less conservative
Conservative L
Scheme L.} o Estimation
Estimation
A 068 - 0.80 216 184
B 0.89 - 0.9 165 149
C 0.79 - 0.8 186 173
D 0.53 - 060 27 245
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Table 9. Average effectiveness of additional shunt
compensation

X9 FERNY Bz W Faof ¥

Effectiveness of additional shunt
Power Systemn
Compensation
Flo Load o i 00MVar [MW/100MVar
Model [MW] Compensation) Compensation]
Peak
W/max. 25681 046 - 0.50 118 - 124
frans
Peak Load| 25681 0.30 - 046 77 - 118
Mid Load 23065 053 - 055 122 - 127

Table 10 Improvement of OM when weak buses in weak
areas were of unity power factor
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Power MVAR
Load Contingency | 2A0M(%) | A0MMW)

Model Added
4B 153 353
Peak Load 5B 1.15 295
. 26 131 15
with Max, | 25,681 206 2 a7 8
Tran 10 150 386
11 1.43 367
8 2.31 593
17 318 317
16 316 812
Peak Load | 25,681 206 3 i e
i 350 ]
15 3.18 817
8 254 678
16 418 964
. 18 412 950
Mid Lead | 23,065 100 7 119 6
13 431 994
27 541 1,248
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