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Fig.1 Action time of stage current protection
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Fig.2  Action time of pilot protection
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Fig.3 Action region schematic diagram of

stage protection device
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Fig.5 Schematic diagram of fault in N-node network
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Fig.6  Schematic diagram of single-ended
tripping of transmission line
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Fig.7 Frequency assessment flowchart of voltage sag
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Table 1  Classification of line protection
(Ses] Lk
AR 1-2,2-3,2-5,4-5,6-11,6-13,9-14
AR 1-5,2-4,3-4,6-12,9-10,10-11
LSS 11-13,13-14

R2 AEFRPEBEIIERREFE

Table 2 Action time of different protection types

R3 AEIMPEZEEPT & LB
Table 3 Proportion of different fault types
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Table 4 Voltage sag frequency assessment results of Node 1
HL T HL BT AT
BRMYEE 20 ms 25 ms 30 ms 80 ms 90ms 110ms 120ms 135ms 150ms 160ms 170 ms 250 ms
(0,0.1] 0 0.006 6 0.423 6 0.047 1 0 0 0 0 0 0 0 0
(0.1,0.2]  0.047 1 0.188 3 0.188 3 0 0 0 0 0 0 0 0 0
(0.2,0.3] 0.1883 0.188 3 0.517 8 0.047 1 0 0 0 0 0 0 0 0
(0.3,0.4]  0.094 1 0.517 8 0.706 1 0 0 0 0.094 1 0 0 0 0 0
(0.4,0.5] 0.1412 1.176 8 0.847 3 0.141 2 0 0 0.046 8 0.019 6 0 0 0 0
(0.5,0.6] 0.376 6 1.600 4 1.035 6 0.470 7 0 0.047 5 0 0 0 0 0 0
(0.6,0.7] 0.423 6 4.942°5 1.412 2 1.035 6 0.046 7 0 0 0.045 8 0 0 0.141 2 0
(0.7,0.8] 0.1412 1.835 8 0.659 0 0.329 5 0 0 0 0.094 1 0 0 0.094 1 0
(0.8,0.9] 0.517 8 0.988 5 0.470 7 0.328 7 0.141 2 0 0.6590 1.0356 0 0 0.235 4 0
xS TRIBEZRIURITHER
Table 5 Voltage sag frequency assessment results of Node 9

HL T e HL H BT AR
Wi ¥ e 20 ms 25 ms 30 ms 80 ms 90 ms 110 ms 120 ms 135 ms 150 ms 160 ms 170 ms 250 ms
(0,0.1] 0 0.047 1 0 0 0 0 0 0 0 0 0 0
(0.1,0.2] 0 0.047 0 0 0 0 0 0 0 0 0 0 0
(0.2,0.3] 0 0.141 2 0.188 3 0.046 9 0 0 0 0 0 0 0 0
(0.3,0.4] 0.0937 1.129 7 0.376 6 0.094 1 0 0 0.094 1 0 0 0.141 2 0 0
(0.4,0.5] 0.2824 1.835 8 0.800 2 0.047 1 0 0 0.046 8 0 0 0 0 0
(0.5,0.6] 0.3295 3.2950 2.871 4 0.470 7 0 0 0 0 0 0 0.046 6 0
(0.6,0.7]  1.647 5 5.601 6 2.118 2 1.2239  0.046 7 0 0 0.141 2 0 0 0.047 1 0
(0.7,0.8]  2.024 1 0.894 4 0.423 6 0.4234  0.047 5 0 0.0471 1.1297 0 0 0.1883 0.2354
(0.8,0.9] 0.5173 0.047 1 0 0.0470 0.1410 0 0.0938 0.706 1 0 0 0.047 7 0
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Fig.9 Voltage sag frequency assessment results of Node 1, 5, 9 and 12
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Fig.10 Voltage sag frequency assessment results of Node 12 under four types of faults
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Voltage sag frequency assessment considering action characteristics of

line protection in uncertain conditions
YE Xi,LIU Kaipei, LI Zhiwei
(College of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract : The action time of line protection directly affects one of the important indexes of voltage sag: duration time.
Aiming at the condition of line faults,the effects of different action time characteristics of line protection devices on
the voltage sag amplitude and duration time is studied. The multi-level voltage sag amplitudes are calculated when
the protection device at single-terminal transmission line is tripped while the fault is not eliminated. The interval of
voltage sag amplitude and voltage sag duration time of different lines in the same voliage sag interval are determined
according to the action characteristics of line protection and fault location. The statistical model of fault information
in uncertain conditions is established based on Monte Carlo simulation method and the calculation method of voltage
sag frequency assessment considering action characteristics of line protection in uncertain conditions is proposed,
considering the effects of action time characteristics of protection on voltage sag amplitude and duration time. The
objective node is analyzed and the average annual expected voltage sag frequency including the information of voltage
sag duration time is calculated, considering the randomness of fault information and action characteristics of different
types of line protection. Simulative results of standard IEEE 14-bus system verify the validity and efficiency of the
proposed calculation method.

Key words : voltage sag;line protection ;protection action time ; Monte Carlo simulation ; duration time ; frequency as-

sessment



