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A Study on The Assessment of Voltage Sags
Considering Distributed Generation

Jong-Il Park

Department of Electrical Engineering
Graduate School

Pukyong National University

Abstract

This paper presents a method to calculate the area of vulnerability
by using the impedance building  algorithm. The installation of DG
(Distributed, Generation) .is one = of the countermeasures against
voltage sags in power systems. In order to _estimate the effect of
the DG, the voltage -sagrassessment should be performed based on
the area of vulnerability and system fault statistics. To determine
the area of vulnerability, system impedance matrix should be
calculated. The calculation of the impedance matrix of large systems
1s time-consuming task. This paper addresses an effective scheme

to calculate the area of vulnerability and system impedance matrix.
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A7IN, z, & wAbdde] YR duRx de Tabdde] dAHE B

Zy 7Z13 Zy

Zy 1 Zy3 Zsy

Z dfisffz;meg) = |Zs| — 7” Zs3Zs3

Zy Zy3 L3y

Zss | Z53 235
0.0012 4+ 50.0220 —0.0004 — 50.0001 0.0016 + 70.0209
0.0012 4+ 50.0220 1 —0.0004 — 50.0001 0.0016 +70.0190
= 10.0206 +50.0777| — - |- 0.0207+;0.0084 | = [0.0015+ 50.0219
0.0214 + 70.0805 w1 —0.0149 + 50.0056 0.0088 +;0.0404
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—0.0007 +50.0108 [—0.0027 + 50.0002 —0.0008 +50.0037
0.0007 +70.0192 Y 0.0043 +50.0006 —0.0003 +50.0078
= | 0.0166+ 50.0659 s 5 —0.0175+70.0068{= | 0.0011+ 50.0186
0.0214 + 50.0805 _1-=0.0149+70.0056 0.0088 + 70.0404
0.0076 + 50.0396 | —0.0078 +70.0023 0.0027+ 50.0187
Zy (= 0.0206 + ;0.3777
Fx 2. Aol Uzt H] i JdyEE 24
A case 2 erse 3 case 4
M2 Ze Nk ey x|l Wl | Zix
1 0.0016 -0.0008 0.0015 =0.0007 0.0015 -0.0004
+70.0209 | +50.0037 | +50.0211 | +50.0028 | +50.0215 | + 70.0083
, | 00016 | -0.0003 | 00016 | -0.0008 | 0.0016 | 0.0006
+40.0190 | +j0.0078 | +;0.0188 | +50.0051 | +;0.0189 | +j0.0131
3 -0.0015 0.0011 0.0084 0.0010 0.0195 0.0152
+30.0219 | +j0.0186 | +;0.0386 | +50.0181 | +j0.0692 | + j0.0560
A 0.0088 0.0088 0.0015 0.0015 0.0195 0.0195
+§0.0404 | +j0.0404 | +50.0222 | +30.0222 | +j0.0691 | +j0.0691
S | 00282 | 00027 | 00272 | -0.0000 | 00014 | -0.0002
+30.0964 | +j0.0187 | +40.0931 | +350.0108 | +j0.0237 | + j0.0086
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¥ 3 BAAY add wel A% e an

2 A A2 84 [pu]

ﬂ z ZKK ZK14 ZKQO
1 0.0087 +350.0960 | -0.0017 +j0.0381 | -0.0017 +50.0394
2 0.0057 +350.0828 | -0.0015 +j0.0397 | -0.0012 +j0.0416
3 0.0155 +j0.1126 0.0029 +350.0547 | 0.0022 + j0.0550
4 0.0087 +50.0922 0.0043 +50.0585 | 0.0034 +j0.0586
5 0.0123 +50.1140 | -0.0029 +j0.0348 | -0.0021 +j0.0377
6 0.0064 +50.0826 0.0017 +50.0536 | 0.0041 +50.0593
7 0.0197 + j0.1207 0.0001 +40.0459_ | 0.0019 + j0.0504
8 0.0093 +50.0982 | -0.0000 + j0.0483 |~ 0.0020 + j0.0535
9 0.0073 +50.1450 | -0.0021 +j0.0698 | 0:0073 + j0.0991
10 | 0.0152 +j0.1617_ =0.0046.+ j0.0934 | 0.0105 + j0.1415
11 0.0025 +50.1784 | -0.0013 +30.0412 | 0.0043 + j0.0585
12 | 0.0113 +j0.1526 0.0107 +450.1437 | =-0.0019 +30.1018
13 | 0.0052 +j0.1664 0.0073 +50.0980 | -0.0013 +50.0694
14 | 01002 +;0.2776 0.1002 +50.2776 | 0.0026 +j0.1197
15 0.0461 + 70.2034 0.0191 +30.1724 0.0141 +70.1354
16 | 0.0500 +j0.2374 0.0023 +j0.1225 | 0.0049 +j0.1185
17 0.0385 + 70.2085 -0.0018 + 70.1023 0.0083 + 70.1345
18 0.0895 + j0:2939 0.0105 + 7041447 0.0465 + 70.2107
19 0.0865 +70.2943 0.0054 +70.1283 0.0658 + 70.2552
20 0.0761 +70.2787 0.0026 + 70.1197 0.0761 + 70.2787
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25 0.1108 + 70.3740 -0.0023 + 70.0895 0.0012 +70.1027
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27 0.0599 + 350.3626 -0.0049 +70.0765 -0.0026 +70.0872
28 0.0184 +350.1229 0.0013 + 70.0551 0.0038 +70.0612
29 0.2178 + 70.6607 -0.0049 +70.0765 -0.0026 +70.0872
30 0.2487 +70.7185 -0.0049 + j0.0765 -0.0026 +70.0872
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AR  Z115 21414 |
new _ 2, L |72
transfer (15DG) 15.14 - 7” 1515 - 1414
2 | Z50152,4,4 |
—0.0017 4+ 50.0381 —0.0071 + 50.0004
: 1 :
= 0.0191+30.1724| — A —0.0363+50.0123
: i :
~0.0049 + j0.0765 —0.0154+ j0.0013

—~0.0014 +0.0249
= | 00020+ 0.1029

— 0.0049 + 50.0477

U7k 53t B Yy adge g4k oo} 2ol mim ALk o gl

Zl 20 Z115 .ZQO 20
Zterz?fer(ﬁDG) = Z15:20 3 Zi” Z15'15 22020
Z30'20 Z30'15 Zyxn
[ —0.0017 + j0.0394 ] —0.0056 +j0.0003
=| 00141 + j0.1354 | — Zi” —0.0285 + j0.0095
| —0.0026 +50.0872 | —0.0121 +0.0004
[ —0.0014 + j0.0290 |
= 0.00104} 0.0808
| 0.0024+ 700646
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ﬂ z ZKK ZK14 ZKQO
1 0.0093+ 50.0931 -0.0014+ j0.0249 | -0.0014+ j0.0290
2 0.0062+ j0.0796 -0.0013+ j0.0259 | -0.0010+ 50.0308
3 0.0155+ j0.1066 0.0016+ j0.0359 0.0012+ j0.0402
4 0.0084+ j0.0854 0.0025+ j0.0384 0.0020+ j0.0428
5 0.0128+ j0.1116 -0.0022+30.0226 | -0.0016+ j0.0281
6 0.0064+ j0.076i 0.0004+ j0.0348 0.0033+ j0.0445
7 0.0200+ 50.1164 -0.0005+ j0.0298 0.0016+ j0.0377
8 0.0096+ j0.0933 -0.0006+ j0.0313 0.0017+ j0.0401
9 0:0081+ j0.1340 -0.0028+.j0.0442 0.0069+ j0.0790
10 0.0172+ 70.1415 -0.0051+ 70.0587 0.0103+ 70.1143
11 0.0028+ j0.1696 -0.0016+ j0.0261 0.0041+ j0.0466
12 0.0111+ j0.1163 0.0075+ j0.0973 | -0.0041+ j0.0654
13 0.0052+ 50.1495 0.0051+ 50.0664 -0.0028+ 70.0446
14 0.0925+70.2186 0.0925+ 50.2186 -0.0031+ 70.0734
15 0.0162+ 50,1227 0.0020+ 70.1029 0.0010+ 70.0808
16 0.0515+ 50.2085 0.0007+ 70.0811 0.0039+ 70.0860
17 0.0372+70.1858 -0.0028+ 700656 0.0077+ 70.1056
18 0.0750+ 70.2385 -0.0007+70.0874 0.0381+ 70.1656
19 0.0791+ 70.2517 -0.0023+ 70.0782 0.0601+ 70.2158
20 0.0719+ 70.2423 -0.0031+ 70.0734 0.0719+ 50.2423
21 0.0376+ j0.1771 -0.0048+ 70.0604 0.0096+ 50.1106
22 0.0392+ 50.1777 -0.0047+ 70.0609 0.0094+ 50.1094
23 0.0764+ 50.2330 0.0000+ 50.0879 0.0025+ 50.0865
24 0.0741+ j0.2245 -0.0025+ 70.0679 0.0044+ 50.0941
25 0.1111+ 70.3544 -0.0042+ 70.0554 -0.0001+ 70.0760
26 0.3655+ 70.7344 -0.0042+ 70.0554 -0.0001+ 70.0760
27 0.0617+ 70.3487 -0.0049+ 70.0477 -0.0024+ 70.0646
28 0.0184+ 70.1165 0.0001+ 70.0356 0.0030+ 70.0459
29 0.2196+ j0.6468 -0.0049+ 50.0477 -0.0024+ 70.0646
30 0.2505+ j0.7046 -0.0049+ 50.0477 -0.0024+ 70.0646
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