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Fig.1 Structure of regional power network
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Fig.2 Example system for zone-I action of
distance protection
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Table 1 Action status of distance protection zone-1
when fault occurs on L
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Fig.3 Example system for zone-1Il action of
distance protection
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Table 2 Action status of distance protection zone- Il
when fault occurs on Lj
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Fig.4 Example system for zone-Il action of
distance protection
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Table 3 Action status of distance protection zone-Il
when fault occurs on Lj
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Fig.5 Flowchart of proposed faulty line identification
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Table 4 Contribution degree to faulty Lg identification
by different protective elements for three zones

JutF wl; ol ol Juf w}; ol ol
2-3 0 0 0.0560|| 8-5 0 0 0
3-2 0 0 0 5-8 0 0 0
3-4 0 0.1480 0.2745//13-10 0 0 0
4-3 0 0 0 10-13 0 0 0.0102
18-3 0 0 0.0419|/14-13 0 0 0
3-18 0 0 0 13-14 0 0.1884 0.2882
5-4 0 0.1842 0.2745/114-15 0 0 0
4-5 0 0 0 15-14 0 0.1432 0.2882
4-14 1 1 0.2882|/15-16 0 0 0
14-4 1 1 0.2745|/16-15 0 0 0
6-5 0 0 0 13-12 0 0 0
5-6 0 0 0 12-13 0 0 0
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Table 5 Value of expected protection fitness
function for different lines

bk WERAUE | &M MESHUE
L, 5.2311 Li 4.8635
Ls 6.2961 Ly 2.8846
L 5.2756 Lis 46178
L; 5.8428 Ly 6.3087
L 5.1464 Ly 5.2050
Ly 4.8350 L 7.0270
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Table 6 Action status of different protective elements
when Lg is faulty
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2-3 0 0 1 8-5 0 0 1
3-2 0 0 0 5-8 0 0 0
3-4 0 1 1 13-10 0 0 0
4-3 0 0 0 |[[10-13 0 0 0
18-3 0 0 1 14-13 0 0 0
3-18 0 0 0 |[[13-14 0 0 1
5-4 0 1 1 14-15 0 0 0
4-5 0 0 0 |[[15-14 0 0 1
4-14 1 1 1 15-16 0 0 0
14-4 0 1 1 16-15 0 0 0
6-5 0 0 1 13-12 0 0 0
5-6 0 0 0 |[[12-13 0 0 0
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Table 7 Value of protection fitness function
for different lines

L WEERME | & RAESEIHE
L 0.5784 Lis 0.8423
Ls 3.0259 Ly 0
L 0.5093 Lis 0.6784
L 2.5949 L 1.4568
Ly 5.1183 Loy 0
Ly 0.1956 L 0
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Table 8 Distance protection fitting factor of
different lines

L i REWT 2 i RERT
L, 0.1106 L 0.1732
Ls 0.5078 Ly 0
Le 0.0965 Lis 0.1469
Ly 0.4617 Lis 0.2309
Lg 0.9412 Loy 0
Lo 0.0405 Ls 0
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Table 9 Distance protection fitting factor of
different lines for four conditions
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Ls 0.494 1 0.4341 0.494 1 0.494 1
Le 0.0965 0.0965 0.0965 0.0965
L, 0.4521 0.4521 0.6263 0.6263
Ls 0.7464 0.5825 0.9411 0.9411
Lo 0.0405 0.0405 0.0405 0.0405
Lis 0.1732 0.1732 0.1732 0.1732
L]7 0 O 0 0
Lis 0.1469 0.1469 0.1469 0.1469
L 0.2309 0.2309 0.2309 0.2309
Lo 0 0 0 0
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Table 10 Fault-tolerant performance of
proposed method

N P./ % X Y W/ %
1 6.67 15 0 100
2 13.33 105 0 100
3 20.00 455 0 100
4 26.67 1365 24 98.24
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Table 11 Distance protection fitting factor of
different lines

2 i REW T itk W
L, 0 Ly 0
Ls 0.0733 Ly 0
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Table 12 Action status of different protective
elements when Lg is faulty
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Table 13 Distance protection fitting factor of
different lines
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Table 14 Fault-tolerant performance of
proposed method

N P/ % X Y W /%

1 10 10 0 100

2 20 45 0 100

3 30 120 0 100

4 40 210 0 100

5 50 252 0 100

6 60 210 3 98.57
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Regional backup protection algorithm based on fitting factor

of distance protection
MA Jing,GUO Yarong, WANG Zengping
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China)

Abstract: An algorithm based on the fitting factor of distance protection is proposed for the regional
backup protection , which quantitatively converts the relationship between the condition of its element
action and the fault location into the contribution degree for every zones of each distance protection,
takes the contribution degree as the weight to establish the protection fitness function and expected
protection fitness function ; defines the ratio of fitness function to expected fitness function as the fitting
factor of distance protection ;identifies the faulty line according to the fitting factor. Simulations are
carried out for IEEE 10-generator 39-bus system and Duyun system in Guizhou,and the simulative
results show that,immune to the asynchrony of information,the faulty line is still identified correctly
by the calculated fitting factor even when 50% of action information is lost or incorrect.
Key words: distance protection; contribution degree; fitness function; expected fitness function; fitting
factor; regional backup protection; relay protection
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