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The Analysis and Evaluation of the Disturbances and Controlier Effects to Power
System Dynamic Voltage Stability Design and Control

(Keun-Joon Lee)

Abstract - This paper presents various processes of dynamic voltage collapse which is initiated by various power

system disturbances, and the impacts of dynamic voltage controllers. According to the analysis results, the composition

of induction motors with short time constants affects the voltage collapse strongly.

Also, it is proved that the addition

of fast acting reactive compensation devices, such as SVC, at high reactive loss sensitivity( d Qiss/ @ PL) buses could

be one of the best countermeasure to escape the voltage collapse.
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Fig. 1 Algorithm for voltage stability analysis
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Table 1 (a) Bus data or sample system

P Qq Pp | Qo | Cp
T2 A
2AVD ) Vioull 6y | iVar)| MW | [MVar [MVar]
1 1 | 1.0500 0.000| 9.6 38 0007 0.0]0.00
2 12110400 { -1800| 6001} 341217 127 1 0.00
3 12110100 | -5000| 700 | 350|942 19.0 | 0.00
4 13110020 | -4800] 00| 00478 | 2501{0.00
5 13 |1.0120 | -4400{ 00| 00276 | 11.6]0.00
6 |2 ]10400 | -6.400f 80.0 | 54.7 |11.2 75| 0.00
7 13110180 -5200) 00} 00} 000; 0.0]000
8 | 2 11.0400 0500 60047 1611 000! 00000
9 | 310040 | -9100{ 00| 001400 | 2501190
10 | 3 {09870 |-10.50 0.0 0.0 (400 | 150|100
11 3109890 | -9400] 00 00235 | 11.8{0.00
12 | 3005830 | -8500f 00| 001261 | 116 |0.00
13 | 3 11.0060) -8000; 00)] 00135 58 | 0.00
14 (3109930 -9900f 00| 001149 5.0 0.00
E: 1 (b) X3 A33Hx|
Table 1 (b) Generation upper and lower limits
A PGmax PGmin QGmax QGmJn
e IMW] [MW] [MVar) [MVar]
1 90.0 0.0000 100.0 -20.0
2 80.0 0.0000 60.0 ~10.0
3 90.0 0.0000 70.0 -10.0
6 100.0 0.0000 80.0 -10.0
8 80.0 0.0000 40.0 -10.0




BEBREMNEE 4948 15% 20008 1A

2 1 {c) Mzdjojg
Table 1 (c) Line data

A= |From| To | R [pul| Xlpul{ Tap | Yclpul
1 1 2 0.0194 | 0.0592 0000 | 0.0528
2 2 3 0.0470 | 0.1980 0000 | 0.0438
3 2 4 0.0581 | 01763 0000 ¢ 0.0374
4 1 5 0.0540 | 0.2230 0000 | 0.0492
5 2 5 0.0570 | 0.1739 0000 | 0.0340
6 3 4 00670 | 01710 0000 | 0.0346
7 4 5 0.0134 | 0.0421 0000 | 0.0128
8 5 [§] 0.0000 | 0.2520 | 1.0000 | 0.0000
9 4 7 0.0000 | 0.2091 | 09750 | 0.0000
10 7 8 0.0000 | 0.1762 } 1.0000 | 0.0000
11 4 9 0.0000 | 05562 | 09625 | 0.0000
12 7 9 0.0000 | 0.1100 { 1.0000 | 0.0000
13 9 10 0.0319 | 0.0845 0000 | 0.0000
14 6 11 0.0950 | 0.1989 0000 | 0.0000
15 6 12 0.1229 | 0.2558 0000 | 0.0000
16 6 13 0.0662 | 0.1303 0000 | 0.0000
17 9 14 0.1271 { 0.2704 0006 | 0.0000
18 10 11 0.0820 | 0.1921 0000 | 0.0000
19 12 13 0.2209 i 0.1999 0000 | 0.0000
20 13 14 0.1709 | 0.3480 0000 | 0.0000
* 1{d) REMS>| dlolg
Table 1 (d) Induction motor data
—
R RN A B B ERI RSS2 RN =
WE | (%] =9 [sec] a# HE | (%] | * | [sec] A%
2 70 10.02 1.01090) 10 70 1002: 10 0.95
3 90 (005 05 (090 11| 70 002{10 |095
4 70 {0.05 10108 121 70 [002{ 10 {055
5 70 1002 10| 090f 13{ 70 (00210 (090
6 70 10.02 1.0) 0901 14| 8 (004] 1.0 0.90
+9 80 (0021 051 090
® 1 (e} OLTC Giolge
Table 1 (e) OLTC data
gy 2=
wadz| BT yea TIET
4 0.10 11 0.9 1.0
10 0.10 11 09 1.0
11 0.10 1.1 09 1.0
k3 1 () SVC dlolg
Table 1 (f) SVC data
i} RE o =
zaaz | (2T eoama| e m| T
4 0.05 1.0 0.0 1.0
9 0.05 05 0.0 1.0
10 0.05 05 0.0 1.0
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Table 2 Voltage collapse behaviours of load increasing case

x{ol‘iﬂ] z)xiz}ﬂ
HY w [} -
- - HYVC
P P] ‘;% z3
ATER | uy Wi 7] B @A 47 FEA4Y
23k | 5234 L 7k
%7 | mued | gdse | ©
BEA Fx7)
FaEot & Ey) )0 F34dd 3%
3% 1.20% 2388 | A 59 | (02 (FENd4 g
/step A gt 0.86) 0%, ANHF
0.5sec)
[# 1401, #3bus, load increase|
1 2-’—-——' e
REENY] e
2 SN s massias
T
volage collapsa-
Ot U it e —
5 &
g g £
B OB AS ik e o,
& 4 s I
R PR S, KU, 5
I, - Qa
0w .
e
o -
Qs 1 =Y = 2.5
TN L {Ger:]
(@ @ 24
(a) ® bus
#1401, #9bua, wad increass]
1 - ———TJ0.EG
0. 50
B C.40 —
= £
3 3
&—,‘_ 0. 30 o,
4 p
- 020 E’;
+0.10
(8] [SX=Y hl 1.5 ¢ N 3 =Y .00
TivC (oac]
b) @ =M
(b) ® bus
[#1401. # 10bus, load increase
1.2 H Q.80
B e e AUy U U SySpUp t0.50
T H
- 0-6'*"-*"‘“'“""’"“'"‘,; ““““ o P RRRSREEEEIER & Q.40 —
I voltage collapne &3
a ,
4 H
0.00

[ O & B T e Ed EXA
TIME [oa]

(c} 2
{c) bus

33 3 RAFSE FoA HASREY

Fig. 3 Voltage collapse behaviour of load increasing case
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Table 3 Voltage coliapse behaviours of line tripped case Table 4 Voltage behaviours in case of reactive compensation
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Fig. 5 Voltage collapse behaviour in case of reactive comp-
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Fig. 6 Voltage collapse behaviours in case of genteator trip
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Table 7 Voltage stabilizing effect by SVC
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Fig. 9 Voltage stabilizing effect by SVC in case of voltage
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