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Table 1 Three-phase short circuit currents flowing
through main protections
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Table 2 Settings of optimal protection for three-phase
short circuit fault

g T, 1,/A (5 T, 1,/A
CB, 0392 2717 CBy 0.116 1026
CB, 0253 2804 | CBy 0.106  118.0
CB, 0.139 3317 || CBy  0.158  305.6
CB, 0.117 1055 || CB,  0.109 2577
CBs 0.141  319.1 || CByp  0.103  106.3
CBg 0.111 126.5 CB,5 0.112 119.1
CB, 0.200 1827 || CBy,  0.105  124.2
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Table 3 Operating time of protections under
three-phase short circuit fault

e B SR ERIEE J # AR B /s
s et ik &4t ik
B,-B, 1.085 1.098 — —
B,-B; 1.034 0.970 1.545 1.471
B;-B, 0.741 0.674 1.294 1.178
B,—B; 0.355 0.361 0.889 0.896
B,-B, 1.254 0.653 1.802 1.660
By-B,,  0.908 0.379 1.784 0.892
B,-Bg 1.291 0.755 2.030 1.818
Bs-B, 1.154 0.361 1.702 0.885
Bs—By 0.963 0.346 1.634 0.866
By-By, 1.006 0.837 1.527 1.354
B,-B, 1171 0.737 1.705 1.273
Bp,-B;;  1.308 0.429 1.970 0.991
B,~By, 0455 0.393 0.957 1.014
B,~Bis 0342 0.341 0.857 0.844
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Table 4 Operating times of relays with randomness of DG

(g BERT ]/
100% (480 kV-A) 70% (336 kV-A) 40% (192 kV-A)
CB, 3.813 3.689 3.578
CB, 2.784 2.672 2.574
CBy, 1.816 1.863 1.911
CB,, 0.991 1.011 1.031
CB,, 0.429 0.433 0.437
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Table 5 Settings of optimal protection under
two-phase short circuit

i {RIRE
P T, 1/A
CB, 0.388 272.5
CB, 0.314 194.1
CB, 0.179 204.0
CB, 0.104 103.1
CB; 0.192 180.2
CB, 0.101 106.3
CB, 0.155 2474
CBy 0.105 114.1
CB, 0.107 112.6
CBy, 0.192 230.0
CB, 0.189 125.0
CB, 0.102 104.3
CBys 0.108 101.5
CB,, 0.100 102.7
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Table 6 Operating times of relay protections with setting
parameters under three-phase short circuit

EITE]/ s

fr 100% (480 kV-A)  70%(336 kV-A)  40% (192 kV-A)
CB, 2.202 2.177 2.158
CB, 1.498 1.481 1.467
CB, 0.935 0.957 0.978
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Table 7 Operating times of relay protections with setting

parameters under two-phase short circuit

ShAEmHE] /s

S
100% (480 kV-A)  70%(336 kV-A)  40%(192 kV-A)
CB, 2.187 2.162 2.143
CB, 1.473 1.460 1.450
CB,p 0.909 0.927 0.943
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Table 8 Operating time of relay protections
under non-metallic faults
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4.0 2979  1.822  1.029
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Optimal setting method of inverse time over-current protection for distribution network
YANG Kejie ,HUANG Chun
(College of Electrical and Information Engineering, Hunan University , Changsha 410082, China)

Abstract: An optimal setting method of inverse time over-current protection for distribution network with DGs( Dis-
tributed Generations) is proposed. Taking the minimum total operation time of main protection and backup protection
as the objective function and considering the constraints such as the selectivity , the mathematical model of protection
optimization is established. By setting the dynamic parameters and introducing the optimal weight ,the HSA ( Harmony
Search Algorithm) is improved in aspects of convergence speed and the ability to obtain the global optimal solution.
The mathematical model of protection optimization is solved by the improved HAS. The optimal setting parameters
are obtained based on the short circuit currents from different fault points in distribution network and the contribution
of DGs is considered in short circuit current calculation, which makes the optimal setting results applicable to the
distribution network with DGs. The off-line protection optimization is carried out respectively for the two-phase short
circuit fault and three-phase short circuit fault, and the optimal setting parameters are selected automatically and
real-timely according to the different fault types, by which the defect that the protection is easily affected by fault
types can be overcome. Simulative results show that the proposed method can effectively improve the selectivity and
speed of the inverse time over-current protection for distribution network with DGs.

Key words:inverse time over-current protection ; distribution network ; distributed power generation ; harmony search
algorithm ; optimization
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TableB1 Parameters of loads

ik  HI/MW  EITh/Mvar | E BI/MW  ET/MVar

1 0.4 0.15 8 0.05 0.02
2 0.1 0.2 9 0.2 0.08
3 0.25 0.1 10 0.1 0.1

4 0.3 0.2 11 0.25 0.09
5 0.1 0.05 12 0.1 0.05
6 0.3 0.07 13 0.3 0.2
7 0.1 0.05 — —

% B2 ELRYSE BRSO RIR A

TableB2 Corresponding relationship between main protections

and backup protections

ER SR s all IS S Al ks
CB; — CBsg CB;
CB, CB, CBs CB,
CB3 CB, CByo CB;
CB, CBs CBu1 CBio
CBs CB; CB1, CBu
CBg CBs CBi3 CBs
CB; CB; CBys CBs

# B3 YT EARY RIPIAH B R

TableB3 Two-phase short circuit currents flowing through main protections

R B BT Tt I
5 % HLAL/A R I HLIAL/A

B1-B; 2723 ds 838.6
B,-B3 1429 d9 810.9
Ba-Bs 1202 d10 982.9
B4-Bs 845.4 di1l 624.3
B,-Bg 1241 d12 478.7
Bs-B1o 828.7 di3 732.8
B,-Bg 1076 di4 896.6

® B4 PIAHALEE IR R SRR H)
TableB4 Operating time of protections under two-phase short circuit fault
IERS[A]/s

A A= TRy JE &Ry
e il fka ik

B:-B; 1126  1.153 - -
By-Bs 1114 1062 1626 1.563
Bs-B, 0.862 0.695 1.419 1.255
B4-Bs 0.590 0.339 1.275 0.868
By-Bo 1.053 0.684 1918 1.781
Bg-B1o 0.785 0.338 1319 0.860
By-Bs 0.924 0.725 2.182 1.965
Bs-B; 0.532 0.362 1.068 0.863
Bs-Bs 0.548 0371 1.094 0.889
B3-B1 1.177 0910 1707 1.473
B11-B1; 1.262 0.808 1767 1.314
Bi-Bis 0617 0.461 1540 0.962
Bs4-B1a 0.666 0.376 1.536 0.952
B4-Bis 0.590 0.319 1.170 0.829
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