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Integrated optimal control strategy of loop-closing and

loop-opening operation in distribution network

YANG Zhifang' , LI Junwei' , HE Jing' , WANG Yong', WAN Ziheng’, PENG Fu’, HUANG Chun’

(1.Kunming Power Supply Bureau, Yunnan Power Grid Co., Ltd.,Kunming 650011, China;2.Colleage of

Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: The loop-opening and loop-closing operation can avoid outage when switching power supply, thereby impro-
ving the reliability of distribution network. In order to ensure the safety of loop-closing operation as well as the econo-
my and power quality after loop-opening, an optimal control strategy is proposed by considering the whole process of
loop-closing and loop-opening operation in this paper. Compensation capacitors. transformer taps and distributed gen-
eration are utilized as control means. Meanwhile, the control target is set to minimize the times of device regulation
before loop-closing and after loop-opening, the maximum load rate during loop-closing, the network loss and voltage
deviation after loop-opening. Secondly. the historical load of distribution transformer is adopted to calculate the load
power of distribution network, which improves the accuracy and real-time of power flow calculation. In addition., the
multi-objective particle swarm optimization algorithm is applied to obtain the Pareto optimal set of control schemes. Final-
ly, a practical example in different scenarios are included to verify the effectiveness of the proposed control strategy.

Key words: distribution network;loop-closing and loop-opening ; multi-objective optimization; particle swarm optimiza-

tion;distributed generation

W5 B EA :2021-05-20; 8 B A #7:2021-09-11
EETH : 2w B MA RSHEA AR H (YNKIXM20190028)
BEMEZ LT Q974 I Wi, TR, T2y R G800 45 2 5l 5F 52 5 E-mail : 18088414910@ qq.com



74 W B %

5

i VN 2 Eite 2022 4 11 A

rh I A G R X — SR B PR T O 3R B AT
LR T, R AT e b B 67 A R R A
RAE B 38 0 58 A A I A P 45 4 T DA 52 B0 AS 45 R 3
B B A o DT 42 v (3t vl ) SE 1 SR AE AT A5 R 45
VR 25 6 P05 000 #2223k R 803 A AR 7 0 15
LRI T R BB S B M RS A R R o
PR AR R A FRHLG L AT 5 R 4 5 £y Lt 1 R
i B ) 45 1) U, S B PR R ML, L B S R B Y
15 FL 5, R T B R P e 4B AT IR R
T B G ST RS R, RS
NN R U N B E DA SRR (5 RN 7 I E
figk PRI o T F, 090 T B R R A il A T e A
BITIRES .

FEXF 10 kV A R TG FEL D) A 1 4R B o 4 )
LR ENME T KBS, SCERL3 MW T & IR
TERY B 878 7 A W i il R AL, 45 Hh T i
B IR S50k s SCIRCA D3R T = AP 2510
AR T FEL I 7 45 B R SR 1 s SOk (5 vy 1T %
JE T2 IO S T B T AE B AR B I 19 T A 1)
BIEAE ML IR T 3 Mg s B R R AR E
MR A RS RN HITT R %k X
TR [6 1t H 2 3 4 1 56 L 1 T R I 5 2 oo il F O
TR SCBRL7 45 & A8 & S8 T & 38 [l it
HhRT A Sz s e o E O RS BT SCRRES T T A
ARSI 5EA b i M BUE R L 46 H TR
S I v I B PR R A L TR R e B e AV R D
RV TG T A IR A s SCERCO T4 s T
— i R L S 1 I % AL 1k REAE T AL
A PR 2 AR TR B 2R IS 45T oA o 4%
R B A A L 0 G 8 B A5 SCHR 10 1R A AN A &t
T SR IBUE A L I 04 ABE S 43 A R L O SR Ao H O B BR
ARE 23 0k B Xt TR R AR 1 8 4 M R AT E R AT
fili s SCERC 11143 B 1 4345 2 HL P (distributed gener-
ation, DG) X} & P H, Yt b H 8 45 19 52 w5 SCHR[12 ]
P T —Fh gk A BEALLIR KORURL - BE 0 B R B OR A
FHE AR, 3F 4 DG Y 52 Wi i B 7 B G 2
F5RE R s SCHRT L3R FH 98 9 G Ty 0 A% H 25 46 R e
MW RN T AT A IR IR SRR 14 DB AR R 2R
o3 S R TC T /MBS AR Ry 4R T B, T T A R
B 2 B AR AL B 5, LA 3R H O /D A 3R

B B 4545 S AR e SCRRL 1S T4 1 2% i 5 3R
TR Y 3 3 C AL A% AL A0 Al BB, I 3d o Bl R
DG i J1 /N B L .

RS A A R A R A B A T AR R
DRURS: A 25 O B 3R 09 22 bk . (HH TS & i 36
A VAR RO ST A T 4 AR R B8 3 O T A
TE—SE R o Ho— Bl TR A Rl 72 T 22
PLAE 2 J T P T A P . R I B I LB 5 BR
FrARZS R A1 B, — e A Lo, — 28384507
¥ LA PR A 458 R R T o S A AR L T SO
R s fff B i C R 0 4 0 R 2R AR A L A A 2 Ml B e i
7o T B . B B B U R B
VA5 70 1 2 DA v X DA R 4 Ry e . L L
ST R PR LR PR L 5 SRS PR L (H 2
B HE 19 B A KA BR . H AT B AR B 10 kV RBC
HEL IR ) B 50 R 0 i 4 5 6 L RE R B AT
WP 2E . H = RER 2 45 05 R DG A
A fifp PR P T B T AR BT 9 Y R A R TR AR
13 DG IR AL S A 6 ZI LR AT

Bt LB [ B, AS SR — b 48 55 75 R TS L
o il PR L A i AR A 23 AL R SN . IR
PATC A L A A AL T A% 0 3k LD R ) DG
VAR G TE L 5 B AR R AR O — A B AR AT
GO DRI AT 5 FE A PR o A A 22 4 P R i BR
Jr e FEL PO 5 S 32 AT Y 28 B R R BB B L O R
PR AR R A 1 S BB D A R A
fifp B I5C L IR 00 £ 2 3R 8 R IO ok B i B 2 I
TR

1 FCH 5 ik B D0 A 18 9 10 o A AR

BLRMAMAEEMALEER

P HL RO B g R R L 2 BB, H RS
SZNIINRLE e oS S WP Sy O B2 N 0 N e e N 3
A% R B B A VR AL R R R A DR R R (L AR
B L et R IR AL e 4 25 H
R L 3R E 2 R R P R L s AT RS . RV
2 AW B 45 H A9 AN ) {5 R R i A 4R
IS JIT i 78 L i Y L e 1Y 8 R, AR Sk Y
37 5 L L A A 2 B v ) L T 0 A R S B

1.1



5537 B 6 W

W& 5 . 5 B I 5 i 30 4 R 4R DAL TR A 75

T3 2 AN i B R 4 2 4 0 AT Y A B
VA V8 9 T 8 K T R T i A S I R T 46, AT
ATEEBRRKIEG XA, BB T RIS TR
b SR A Ry e R, DRI L T N TR R A S e —
I L 2R B B TG R AR B S i R 45 7 %R

XFTE DG RBECH R, an )k DG AR AT 4 B
WPk e R, — AL DG 2 5. Xt T
BT P 8 8 O S B 4 o L DR DG i ok
L BRACHILAL AR AT R DG I B ) 4T
1.2 RUEAZEMBREE

1) 45 i P18 12 5 2 S Sl VR IREL

HL 2 5 028 2 50N A8 T 28 442 Sk A AN B0 25 b
HEAT VR Y, 75 00 23 i R A HRE L S e . [
B, 2 08 B A 0 (5 R P o A B R PR R s e R v
JRUAT e PR A 1 R SR B e sr Ak B A
PREL 1.

min [, 22(\ kr, — kit |+ kT — kY D)+
i=1

Z%\Qa—fQ&\+|Qa—an|> (D

St R A BB R kS L kY
ke Go=1,2) 4F B0 75 3% T, 4002 Sk 0 10 1 03 8
1.2 WIRBIGIRR: Q1 L QL MQL G —1.2)
23 8 T DM B ) B AR5 1.2
el 1 e ALK

3 (1) A BRI S 1 4L
1R A T A4 S s 1 PR 1
DG AT AR

245 BRI 45 R [l B B8 11 2K

B, 0 24 45 127 22 B, R T 2 1 2 7 AR LA
R0 EL AT S0 L TR 2 B 4% B VAR iR
‘e v BRI 2 A B 9 00V I R ke T LAV R
il M R B SRR A KT 1, ZIEE A
R e O IR DR 90 B 2 10 R o W A
R I B 0 B IO B AT — S T L
B AN A FR 2 4 It 3 R 4%
£ B 1 B K 17 B Ji /N o A AL I A B8 2
1, I, Iy

’ ’ [
I Imax

(2)

min f, =max

Imn;\x h ’INm;nx
W o B IR BR [0] 45 2k B d R 3R N

10 KV & 3 [ R R B SR T, T 230901
NEBE n B R RUE A VR RO

3 fifk P J B v A K AR R L Al 22

B S AR A LS Bl A B RT SE R Y B L A
A S0 ) A X 1 5 R A L TR O™ S SR L B TS
HL R R SEIs AT I S, O T SE LA B ia AT , e FE i 26
Ja 19 Z GE BT S A A B R 3

min f, = z\) I, (3)
A fy T IR S B R N i 3 S T
R IO S B Lo O3 00 B SR S B
CERUERS
il P 5 Z GE 0 U AR B L HLRT RE H BB —
5t 2 1 T I A T 5 B0k B R i L A 22 0 R0
TEOL . W PRAIE AR 2R 5 B H BT, LA 36 5 TG H Y
27T s H T i 9 01 R A /N S Ak B AR BRI 4

spec ‘

1S U —Us
mlan‘_GEU';vcc

j=1

b fONHRIERBE R G N R BEGU, U
) A A B A LR A S PR AR U B
1.3 AREH
DI 28
P, —P. =

X 100% (4

U, > U, (G, cos 0, + B, sin 6,) (5)
i=1
Q()i - QL:‘ =
U, > U, (G, sin 0, — B, cos 0,) (6)
j=1

KOG ) P Qe 5 3 kA 2 HL M HL R T
AWAE NI P L Q4 i R i I FE A

Y TN Gy By M 5 Z IR LS
WA 0, N1 ZIHRAR M2
2)HEIREZH .
Ujnin <U; SUjuusj =1,2,0.6 (D

AP U, A A B E s max, min 4351 R 0
FH R 9 e KAEL e /IME G oA A AR

3043 A X HL R b A2 L A R ORN AR TR 2% 4 % 3k
A,

Qc; max ®



76 W B %

5

i VN 2 Eite 2022 4 11 A

KH S, AR DG, I AEDE Qe BT
AME R C AR by, AR T, 1Y 73 H
K E,
2 MO F ) i B0 A U 45 A5 B SR A
2.1 S BRNFHERLESE
ki TR AL S B (particle swarm optimization,
PSO) i iz FE A A Aok 7 22 [ B Bl AR A 8 3L =
FREM . Bk AR AR TR R —
AN AT A AN W SR U o, M s,
AR5 3R B A AR A i B

vt + 1 =wv, (1) +ciri[pue —s: @]+

oy [ 8o — 8 (1) ]
s; G+ =s,@)+v,t+ D

(9)

Xrh ¢ HERREGw . e v =00w HITEAE,
cinco MR RE o, HIXEILO, 1] B35 5010 1Y
BEDLEL s p e ARLF i IR AL E 5 g e I REAR
)4 Jmy e L AL

BB AT 24 H AR s, 51 A Pareto
AL fEALE R 2 B g PSO K, 783 T Pareto
wOL W 2 Birti e & fi(e) < fi(xo),
Yk =12, .M 5, WFRF x, Pareto S L## x.
Horp, £ 5 R AR B bR % M AR B BR Y
H,

1EZ HAR PSO Bk, & kAU 4= 20 (9) B
AR AL B RE R NSRRI AL pre FTAS
JR AL E g e T SE BT RN AN KL 1 7 AN
AR IS A TR G DR A+ p v, AN 7 5 8000 iR 5 AT
I BB AL EAE N e s 20 BT S TH AR B 5
DRI o B AL 1 48 HL rh — i 1 07 AR N o s MR T
AT o Foe A0 Ak S U Bt 5 T o DA T 114 fie £
BEDLIERE— R FALEAER g
22 EEMEHAHEHBAREERE

FIH Z His PSO X RBC HL W 5 fiff 20 5 41t H 8 45
RS JEAT R i, FERAR L BRI

D E B E PSO H KL 1 4E 48 D | Fh B AL
N e P Bt RIEARREL T o« I XA R AL 0 AN
INEREL 1o HEATHIHIRIL I

2) BT 458 B 2 o 2% 1R A R R B A7
BOEAR AR AR R A LT Y A
JE#E T8 1.2 WIRE M /- 83k 00 F kY Al kG =
L, 2), AR E G5 1.2 IR R 5 A 48K
QL MCE G=1, 2), /A DG, 2 1.2 Ui
%%mmﬁQ&ﬁQ&u=12,me e
KT B9 0 0h 7 B 22 05 6 AN R T R AT T
Rl

3) AR A B B RL o A E T HL A s 4 2 T L H
BRI UAMEI R DG U 1SRG AT A 5
figt A0 T A5 B AR T XH I A A eR B, BT E
R, SR H Pareto it e .

DIRAEZ HAR PSO B FEALFE 0 L i 2 45 kL 1)
AEFASE p e LA BZ AN BE B 22 5 0 B g e » IF
F 2 C9) B &R F 1 o7 R

5) 5 Tl A2 WS S 2% A2 B 3k 3] 5 R 36 AR VR B D)
th Pareto B fift 46 o rh B — AN i Oy — & ik 31 98 4
T %8 s A AN R CSICAR 1 ISR 125 B8 3) PRk AR .

R EmE 1 s,

NG

| BRI AL R

‘m%%%%ﬁ,iﬁ%%ﬁ¥

HEE AN RT3 \

HAE b s 5~ R W,
iR [ VA o VA= w3 (B 953

B

‘%Mmmﬁﬁ%%‘

B1 few W AmMrist i fiii

Figure 1 Flow chart of control algorithm for distribution

network loop-closing and loop-opening
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Figure 2 Model of loop-closing example
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Table 2 Control measures of each scene
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[ 3 Figure 4 Node voltage distribution after loop-opening
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