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Optimization model of line reconstruction for voltage sag governance of
distribution network
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2. Shenzhen Power Supply Bureau Company Limited,Shenzhen 518000, China)

Abstract: Line reconstruction is one of the main ways of voltage sag governance in power grid side. In order
to determine the reconstruction position and governance mode of lines economically and reasonably,an opti-
mization model of line reconstruction oriented to the voltage sag governance of distribution network is estab-
lished. For the distribution network with coordinated protection of circuit breaker reclosing and fuse,conside-
ring fault location, fault type and other factors, 10 typical protection operation coordination modes are dis-
cussed and analyzed,and the duration of voltage sag is evaluated. Combined with the traditional calculation
method of voltage sag amplitude,the cost and effect of line reconstruction scheme are calculated. Considering
the user’s voltage sag tolerance,the evaluation model of user’s production interruption times is established.
The total voltage sag expenditure is defined, and the optimization model of line reconstruction for voltage
sag governance of distribution network is established with the minimum total voltage sag expenditure as its
objective, considering the technical constraints, economic constraints, governance region constraints and risk
domain constraints. The model is solved by artificial bee colony algorithm. Taking the IEEE 33-bus system
as an example,the correctness and practicability of the proposed method are verified by simulation considering
two scenarios of sufficient and insufficient governance investment cost.

Key words: power quality;voltage sag;distribution network;line reconstruction;risk domain; artificial bee co-
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Fig.A4 Hand-in-hand line connection mode(pre-fault)
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Fig.A5 Hand-in-hand line connection mode(post-fault)
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Table A1 Voltage sag governance technologies and their governance effect
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Table A2 Investment costs of grid side governance technologies

TRHFEA BT RA RHEEA T RAR
CEREea 80 73 7t/km & 0.14 73 7o/km
s Bl 2% 15.96 Ji7t/km ENCE 0.14 Ji Tt/
02 TR A 5.705 JjJt/km pie o 7 Jist/km
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Fig.A6 Coding method of ABC algorithm
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Table A3 Loss cost of one industry production tripping for sensitive load users

USRS BT B YA P e A R A T 76 U AT BN R LA PR R TR R A TG
16 100 21 80
17 100 29 90
18 100
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Table A4 Optimal voltage sag governance scheme(Scenario 1)

L% RIS IR /km | KR RS IR FLE BE K /km
1-2 Bk 0.1 16-17 Bt L+ mEEsh by 1.3
2-3 Civ e 0.5 17-18 CiR e 0.7
3-4 Bk 0.35 2-19  InFEBFR MRS BT 0.15
4-5 Bk 0.35 19-20  InEEBF L+ B 1.5
5-6 CiR e 0.8 20-21 CiR e 0.4
6-7 Bk 0.2 21-22  nEESFRL IS 0.7
7-8 HZi1y 0.7 23-24 ik 0.29
8-9 Bk 1.0 6-26 Brilik 0.2
9-10 Civ e 1.0 26-27 CiR e 0.3
10-11 I B+ e sh g o 0.2 27-28 Rk 1
=12 B+ e sh g 0.35 29-30 Bk 0.5
12-13 CiR e 1.5 30-31 CiR e 0.95
13-14 IR+ s b i 0.55 31-32 Bk 0.3
14-15 B MR+ e sh g 0.6

HLE T Fe e S /(5 e -ah)

B A (7 7 )

HHE RS R/(JiTt-at)

425.8

53.5

3723
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Table A5 Optimal voltage sag governance scheme(Scenario 2)

2 BHET R VABRAPRAC R /km | ZRER BT R VABR AR PR AC B /km
1-2 HL4ifL 0.1 8-9 H4ifL 1.0
2-3 HL4i1L 0.5 9-10 HL4i1L 1.0
34 AL 0.35 10-11 IR+ sh 4 0.2
4-5 AL 0.35 11712 e+ sh 4 0.35
5-6 AL 0.8 12-13 AL 0.397
6-7 AL 0.2 2-19 BRI IR A 0.15
7-8 AL 0.7 1920 IR RER IS 0.14
L BT e S S /(T T a ) B WA/(TT 7T -a™) G AR RN TE a )

920.6 25 895.6
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