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Abstract

The paper presents a method to assess system voltage sag performance considering sag durations

as well as magnitudes. In general, voltage sag assessment for large power systems is performed only

considering sag magnitudes at sensitive load points. However some equipment can be affected by

certain sag durations. The duration of the voltage sag is depend on the time of fault current flow in

the system. Therefore, the duration can be determined by analyzing the operating characteristic of the

protection system. In this paper, an effective method to evaluate sag durations regarding the

characteristics and failure rates of the protection system is described. The proposed method can be

used to assess the long—term performance of the voltage sags in large power system.
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Table 1. Fault statistics of each voltage level
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TE 2012|2013 (20143 | Al
(%)

L 765KV | 0 0 0 0
% 345kV | 36 19 13 68 | 11.58
| 154V | 161 | 69 83 | 313 | 53.32
HVDC | 0 5 5 | 085
o 765kV 0 1 | 017
d 345kV | 4 5 14 | 2.38
154kV | 10 7 11 28 | 477
765kV | 3 0 4 | 068
th 345kV | 11 9 9 29 | 494
g | 154KV | 57 46 30 | 113 | 1925
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Table 2. Operating characteristic of main and
backup protection

H3H - ZF = Z A Bk o] T
Zone—1 0~85% ~0.083s
154KV -333
Zone-2 | 85~150% | 0.33~0.4s ms
345KV -400ms
Zone-3 | 150~225% |  1.666s
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Fig. 5. Procedures of voltage sag assessment
considering duration
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Table 4. Failure rates of protection system

FHS

SHRS

Zone—1

Zone—2

Zone—3

5Hz

20Hz

100Hz

14.95% 34.48%

5.2 PO JJI
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Table 5. ESF for each sag magnitude
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0.9 11.221
0.8 5.587
0.7 3.254
0.6 1.801
0.5 1.058
04 0.664
0.3 0.436
0.2 0.232
0.1 0.098
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Table 6. Voltage sag cumulative table for Busi7

ESF (sags/year)
Sag Sag duration (Hz)
magnitude
(o) 0<ESF <5|5<ESF <20 | 20<ESF<100
09 9.544 1.099 0.578
0.8 4.752 0.547 0.288
0.7 2.768 0.319 0.168
0.6 1.532 0.176 0.093
0.5 0.900 0.104 0.055
0.4 0.565 0.065 0.034
0.3 0.371 0.043 0.023
0.2 0.197 0.023 0.012
0.1 0.083 0.010 0.005
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