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Multi—stage Service Restoration for Distribution Network with DGs
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2. State Grid Electric Research Institute of Hunan Province, Changsha 410013, China )

Abstract: In order to solve the problem of fast service restoration in distribution network with distributed gen—
erators (DGs ) ,a multi—stage service restoration method is proposed. The service restoration method organically com—
bines the four phases of service topological identification,islanding, connectivity restoration with main network of
DGs and network reconfiguration,and load shedding operation. Once the distribution network is faulty,the service
area is identified by the service topology identification method to determine the next stage of service restoration exe—
cution and to update the topology parameters. During the island configuration phase, the islanding method based on
depth—first search algorithm is proposed,which gives the priority to restore the key load and maximum loads as the
goal and to improve the utilization of DGs. Heuristic rules to optimize the tie switch quickly restore the out—of—ser—
vice areas and main network connectivity. Network reconfiguration phase based on the parent—child list rules avoids

infeasible solution. The flow calculation is used to verify whether or not the next phase is executed. The load shed-
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ding stage removes the non—critical load to ensure the stable work of the system. The example shows that this method

is suitable for the case of large —scale out—of —service , multiple failures,and cascading failures in the distribution

network with DGs. It can make an effective restoration strategy according to the actual situation and improve the effi—

ciency of complex fault restoration with strong applicability.

Key words: distribution network ; service restoration ; distributed generators ; intentional islanding; network op—

timization
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Tab.3 Service restoration result in situation 3
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1, eIt T AT Y0 FE e e 1 1,031, 75 FR , fink &
VI g B E L T U000 4 380, VDR Al G 17 A 68
1 69, Fe 225 L JEFR bR A G0 1 500 3 1 Bl
4 (N Z W BORE 25 Rk 4 s .
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Tab.4 Multi—stage service restoration results

Bt S| T 1 T 3 0L 4
Wb v () 4~5 1~2 5~6.3~59
LG A W 2 676.7 3802.2 28623
B AEL 0 5 1
3~4 3~59
W56 — 8~9 9~42 3~59
- 29~30
PR A S kW — 3790 184.6
PRIZ I T /s — 0.24 0.08
) 1 1662854
EIFSIPd 17-20 — 39-48
28~54
3048 41~66
— 18~19 50~51
N W56 27~28 — 59~60
64~65 63~64
PRI BT kW 2 676.7 — 26717
PRIZ I T /s 0.83 — 1.12
- asae. 2728
VI s 5 28.41, 40~41 68.69
& 59.69 51~54
VIR Gt itk W 156.8 402.1 78.4

R FHSCHR[1710 T b B O 4, fE H 2 B
WA A b, YL S R Ge s 5 A s L AT
RSBIR I, Hy T i/ d J A DD 0 A B B, I8 A7 A 2%
FRRATRE , K AR LU BANER 5 i AR SO S I []
BECCHER[171A B B SO R IIE T R 8tiz
Frtase k] WL AR SCZ B B A2 07 23 1 e ik
FHRHE.
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Tab.5 Comparison of service restoration

results in situation 4

Tk SCHR[17] ES'@RS
V in/p-. 0.912 0.954 6
S /p-. 1.031 0.987 3
— 5~6 3~59 50~51 5~6 3~59 50~51
59~60 63~64 59~60 63~64
VIt 75 — 68.69
I 67 o /e W — 78.4
WA AL/ 3.52 3.78

TEIL 5 BRI S B 5~6 VRS 1t Fa b, S %
3~28 KRS ST ITE 5~6 Wi T B H 2%, 7E Tk
T BB FNEU 5 23 AT B B R 20 i RS
B, 3% 3~28 BEWTHE, IR GG R TS — By
B0 T B B i R S R W S i 3~28 IR
AR, 45 Hy fa g 28~35 HAELIING iz 1705 k2
Hhes 76795 5 30 A DG3, Hidm K H 20 80
kW /NT2k H £ fef S 235 91.5 kW, DU i % 1) 7 fey 4
1, VIBE f e 34,35, i far 28~33 Pk 4 fHk v B 25 IF
K 15~69 M4 Al 5 % HaL 1 fop 7~28.55~58 Y fit
FE, , X6 3 A7 900 S, 7 iy A A R e R
PIHRRR, Ml SE B S, WIFHEOE 13~20 .46~
47 .51~52 .64~65, B HL T He AR 1E R 0.956 5, Tt
10.37%, 1 far 24 16 B Fre =i 6K 0.956 5, T B 18.69%.
Wz 6 Fiw , SCHK[16] [24 175 8 T ks, i T
22 AR PR B 2 ML 75 s A2 AR A s A7 8 16
Bk A2 S, A9 B S T RERT 14.8 s F1113.5
s, I 8 A SO k.
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Tab.6 Comparison of service restoration results in situation 5

ik SCHR[16] SCHR[24] KSR
Vi ptt. 0.943 1 0.943 1 0.943 1
Syt 0.956 5 0.956 5 0.956 5
5~6 3~28 5~6 3~28 5~6 3~28
WiFFHFE  13~2046~47  13~20 46~47  13~20 46~47
51~52 64~65  51~52 64~65  51~52 64~65

PRI 8] /s 13.5 14.8 4.6
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Fig.13 An actual distribution network
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Tab.7 Simulation results service restoration

of in a distribution network

s pillE= gl
SCHR[24100) 77 i ARICTTk

F1 1.2.3.4.5 1.2.3.4.5
F2 7.8.9.10.11.12 7.8.9.10.11.12
F3 13.14.15.16 13.14.15.16
F4 20.21.22.26 20.21.22.26
F5 23.24.25.27 23.24.25.27
F6 17.18.19.33.34 17.18.19.33 .34

F7 28.29.30.31.32.39.40 28.29.30.31.32.39.40

F8 35.36.37.38.41.43 .46 35.36.37.38.41.43 .46

SR SCHR24) 09 777 B0 & A 5 DG2 i 41
I 1,DG3 5K 2, DG4 #5930 Thagk

F1 AR, fem R T 6. R HIA SOk,
DG2 32 S, REREIK IR nl R 2 1 7 fif. [
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/M DX
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B B S BT S TR Rk 52 B B DL L L SR
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A HLELE , AT K R fee D R bR 545
P FLFR B AR SR Hh ) 22 B B R 5 T L e g
P 2 A N T A IS e NI T AN ER
B, 5 SCHR[22-23 140 b, AR ST Sl 9 7 iR FE R A
K] BT DL DGs R | HAT—
SERF AT ZHMER S, BSCIR1 71 57, V)i
ar BT BEARIE T IR AR P S X s s, 5 Sk
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