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Study on an active distribution network reconstruction strategy with distributed power supply
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2. State Grid Jiangxi Power Company Maintenance Branch, Nanchang 330029, China)

Abstract: Given the increase of distributed power supply in the power distribution network, and considering the influence
of its volatility and intermittent nature on grid stability and safety, this paper puts forward a reconfiguration strategy for an
active distribution network with a distributed power supply. Taking the minimum network loss as the objective function,
an improved teaching and learning optimization algorithm is applied for fast optimization of power supply paths in active
distributed networks. The active distribution network with distributed power supply is analyzed using an example. It
verifies the superiority of the improved algorithm in the reconstruction of the distribution network. The results show that
the method has fast convergence, short optimization time and stable operation. The research provides a reference for the
optimization of a distributed power supply connected to the distribution network in China.

This work is supported by National Natural Science Foundation of China (No. 51477184) and Science and
Technology Project of Jiangxi Provincial Government (No. 20192BBE50007).

Key words: distributed power supply; minimum network loss; active distribution network; reconfiguration strategy

LR I ANHE ek e 7 A RENR . Rl BC B T sy
BRI T PR AE BRI, SRR ) R s il DA
b, 5 oA 3R HL Y = Bl G F I SR SRS B 5

515
Bt T AR AR VR OXURE . KBH 845 R BRI

JE TR AR REUR A 0 A U AR h TR
TORAG AT ARSI, AR RSP
BTz R N B R AR 2 1 o A1 5 H
AN FRLE A, A1 2 R AN E 1 7T e ST He
VAN /78 & BN TR 52 UL NE S = oy /| L)
9 1 S, A I b o T A AR 1 R T, (R

EEWBE: BRaAAFELTE 8 (51477184); /Y
BUFAHELI B %85 (20192BBE50007)

HE HLL PRI AR A T

Pic FL X ) G H P AT B R 2 T B A%
SR CIE LA A TEN R AR 1%
GE T AL AR PRI L W G54 5 T AAE S BRAE
N TR REFEARWIR &, HAT, FENANEER )
Ay 2SR ARG HEL R FR SR VR AT T R
FESCHR[3]H PARE R HUR S/ MU H brpi 2, AR T
ARGk, HIETORINAAL, #iE TR
IO o FESCER[41, or 1o A K A



WA, A

TC FRL Y B P 2 1) 22 F AR . IR H] NSGA-IT J7
R FESCRRIS]H, F0 B4 D i R S M
L PR A b A i o of Sl X L B
RS . MTTVE T R T B LR FE LR 5. A5
BR[6]H, L T AR HL R g 22 e N A s
HLERFE N 2 H AR R BN BEE R I 18 T AT
AR o I [ R ORI SO Y 2 3t
ITEEA . IXEEREFTA A 2 I T R
FAPRAE T A o

FEMCEERE b, ASCEE T — R A X r I )
F B RS . LU/ Mb IR A B bR R 5L
W et (2805 2 A SV N FH T P D 1 PR AR 1)
PRIBAAL o 8 I S I6UE T TSI AR i P Y E A
PR

1 s

1.1 BHREE

RHURIDGAR FR) i 52 AN i B2 S A R R 3%
SN, A7 R 52 NN RS, AR E 1Y
BN TRIAR AR, I HE AT T (I 1) SR AR K
HIHI 22 e BARRAL BEANA 5 E 1 5 7893 5 18 T KAL
JEARFG I e RstE, AT T BRI 0
ORI RIXAN I i) B A AN [N B 2 RO RFALE

PL AL AR PR AL IR F b doe KR P 2>
AT d T KHLRDG R g A e 1, 302
(EE SRR TR Bk ik, sl Q) Frrs,
A5 Dy A AR B MRy E Ak .

minE=min) p.L. (1)
J T

L=Yn(B+0)I; @
Kot B REH I RBU A m b
p, AL, 5 30 3y 5 0 007 T 4 5 1 2
i | WEEREG r kiYL P . O, AU,
SR NS T, AR,
1.2 YREH
AR B St B A 5 IR, )
SR DG 4K,
(1) 2 PR i O VR S PR, 52
B2 AT BB
Sy = Sijmax )
Kot S, SEE G K VR R
(2) WL B AT, 5 2 AP AR
SRR R, B 2 S A L L BT R

B oy A 2 LR 1) 3 30 L HE R A SR B A Y - 103 -
B2, 5 R 2yt = (4Rl
Umin S Ui S Umax (4)
K, U, MU, 8RB N KL .

(3) RHHEA RGEK UL, ThFA NN T RGN
B ST NE WA b I | TP ) R BN ) VABaW () VAR

P+ By, =B, +U,Y.U,(G,c0s6, + B,sin0,) (5)
Jj=1

Qi + QDGi = QLi + UiZ;Uj (GijSineij - B[/coseij) (6)
=

b B, A AT HEREA S H ) BLoA
R AT Y)s Op, A AT A BIEFEATT 10
s O WRE VAT U N s Wik U, A
T IR Gy sk i LS By NS i H
S5 0, RN AN ZES s m ST R AR
L
(4) DG ThRLw (MA@,
PDGmin < PDGi < PDGmax (7)
On6min < Pn6i < Pnomax 3
K B T Poga M 23 AT A FLYEEE AN 500 1 B
INFIER R TIIZ O T Opima A 73T 2 LY
PN R I i MR K IG T D2
LEARTCH, ANDLFERNAWR, B ASGE
S5 Jo I S AR O SR R PR R AL At FE R AR

2 HEMR

2.1 ¥52HMEZX
AL B 1 Rao 25 A7E 2010 4E42 1 (1)
— PR RS . SRS BRI B,
(1) #Hr
X BB, BUlismnd T “#” o, B
B AR 2E U, o, “SR” Bl X, SYEER
SRR RIBURHCE N R e BN 3 RE
;@MM%W%E%M§%ﬂmOMﬁ®ﬂﬁum
JNT e

Xriew = X(ild + }'; (Xteacher _TE XMean) (9)
1 NP )
Mean=——> X' 10
NP; (10)
b XL X AR BRI G

FIENR: Mean JFTA S ERNRINFIE:  TF, h#
PR PR X e YL AR E T
Py NP OYEEAFIRENORL 74
(2) “FBrB
FERXABTBL FAENAE S, R



-104 - ® LRGP B R

>4 )5 FORAE AR W25, iRt
Y = Xéld""?(ng_Xéld):f(Xéd)<f(Xéld)
- X(I)ld _r;'(X:ald _X;ld)’f(Xéld) >f(X;ld)
(11)
b, e f(X0) AT
W “Hn 7 W, B E AR X e
¥o)o DI 2 AR RET X » TRIXFNITVE
{22 AR B PR FRAR R T 2 K1) o TR A IR I
BN R 6“5 BB, 2w DAE R
AR RIS 27 2], DR 2 A e 2 o) i R v Ao i
SAAZIT, FERRNRERE b, e T AR “H”
MRk . SED BT
AW W EEESH, W R AR
. L ESE
IR WS R, HKEBYE R AR A IR
NAE R ), AE BN X s o
AR = R ()M (10) 78 ZLb Box) 27 A 1F
ITHE.
BRI AEREA BB B SRR E AR T2
i, “EAE A BB, AR . A,
ATLAREE T 20, AR S A A E .
IR AR B, BENLIE H 2R X 25 2 AR
%o At EARYE (1) A 21
IR A AN AR AR 2 TR A 2 2 HRA P
[T S e e s VA [0 U Pl N 28
R AL I b S A2 A A BT RIE,
Ui A, SR O ot B O S AR SR (B D
). WRAWL, 2P| _IFEEHAT, HEN
I L
2.2 BUHMILE L
BEXS ) A R GAR R Gk b (e sh i, L
PR SIRAE AL PR R ) JU By B N Jmy i de I, A
SCHR S SO B A R, R e SR R R4 )
BREEN, EIES TR MBI AL
(1) FIN HENE R o RSO RTAC7 H1 H
R 1800, fEBeP A s se g, HEHa5e
SAFRRUS, ARG LE R S RE AN,
BRI AR AN R . 2% 2 R 7 2 A
HUH, AR ZERREOR, AE )RR, (HBEAE AR
A, 22 D R IR TF YoE 48
FVPEMER AL, TF 8RR R, TF #/NME %R
BG4 I, $RH T BIEN I, JLREIEARMN 4
tegek, m=a2)pR.

TF = —TF .
TF = TF,,, - (—j xiter  (12)
iter, .

s iter,, M iter 53 A e RIEAR KRN 4 1T
RH TF,, ANTE,, 530 R 205 R () s R AR AN e
/IME
SOk TF i A RO S B AR, T
TR R R e . AR IR R T LA
EpaiNAELS
() B “ H2” BB R RS, EAENHE
NI A, A4S R A AR 34 . A<
LHINT A2 7R 2% 2 Tk an=0(13) Ft(14)
}5)?%[20]0
Xrilew,k =
Progress = X/, ()= X}q, (1-1) (14)
Arby Xl 0 REAEEARE kISt
N T SR 45 R e ME T H s, SRAAEESR
Az P SR, AT DA Ak EE A 43 A o R R L i
PN A (R R AR R
I WG R ST A S
AR KRR S BRI TR B, SR FH AR Y (60 7 v
I3 A A YA T AL B
AR = BRI H R 2%, SR TE S AR
W SF ke A R AR 1) I 48 G5 KA . AN ) BIE 2 1 2
AR R WU FRAE IR L gmT
BRI WG AS, PRI VT S8 N A . AR
JE R B AR IR X, -
B VYR, S 7 BB, 44X
9). A10). RA)HEH . WL H, 2R
. BLEANKIE R AN, BEEAR L.
WIS AE T B, S XTRIBEALA: 26
% X7 TR )T IE N B . Bl 22 AR SR
. SORTHATE . W), &bl
B TR A% B, ARERA3) A (14)
H 2. B2 AR E, AL E AWK 0,
EEEOPUN Y A S R
IR\ A IRAIE S A AR R A4, i i
FEIE N I e Tl LA TR, mW, #RD
BY. w1 s imiE R .

3 BHISHh

KK 2 Bros () PG & E69 1 5 it B M R 48
HHAT T, Bz S A A A KWL R B N 1 32 8)
Bict L Y R AR R AR A R T . RS A AT 48 ),
gy B AR F (1) SAE T 5 R G S (. Ak
ERANFE10% o 510, 27 F68 &b, A3 &
Bonus 1 MW/54 UL, 767155 34 52 A1 56 Abdz N
4 FrY6ARBES Pilkington SEM144Hx250wp o

X, +r xProgress (13)



WAL, AF

B oy A 2 LR 1) 3 30 L HE R A SR B A Y - 105 -

PYNPIE €Y IPS 2

MR 1) Bl 730 X731
SR T 5 B AL 2

AU JC T 527 P SR
e VIR

A AC L R 5T
B IR

BB

AR T H{

] HOME  HAFARAUL T 2 - IR H - 38 K
MOCRER A . LIRS — R, AR ORANXRE B fir
PARERNTE DL, KRN, Wk 1 PR,

F1 BRERAEENESR

Table 1 Access situation of PV and wind of each time

|

FIE R

FIH 0921074
Wi, TS bRk g

e 388 1 g
Jefk M
SRR Tl AR
00:00-00:06 fi% i i fi% {lis
06:00-12:06 L = [ ei ea
12:00-13:06 fi% h i = =
13:00-17:06 Gl = i T =
17:00-21:06 = Ly [ {lis ey
21:00-00:06 H fi% 1% fi% {lis

SHREL

AR R 5E T P AL R 2 11 L A
b, 0 ZoREAT AT ACHIRIE N, 1R A5
HIERE N, el RO AE 95% EAR L F I fiGra
He BARDIRIR) R RR, At L 2 fros.

R2 NRFRBAESRILATFILL

Table 2 Comparison of node switch combination optimization

. A
OB B ‘

2
PHA3) 2], BEAMA,
VI bR R 5

IEF I RKIEAR

BEREE] B R
s o
ik JERAE /W Hi/p.u.
11-66, 13-20, 15-69,
AT 0 226.65 0.942
27-54, 39-48
11-66, 13-20, 15-69,
HERET 1 194.89 0.961
27-54, 39-48
11-66, 13-20, 14-15,
G 1 80.53 1.018
47-48, 50-51
W EE R T 2518, TR oA U YRR
T DAY 22458 0 245 ) 450FE 40 19 R R 20 A1 o

EHG, REMRYTEM BN 194.89 kW kb 3|

1CF T

80.53 kW, I/ T 58.68%, Fidme N A v s A
0.961 p.ufF1.018 p.u., RAENILETFIER ] FEM

59

l1ﬁwmkl
Fig. 1 Optimization flowchart

60 61 62 63 64 65 66 67 68

R

WL 3 JT 3 A AN RS B 195 55 S 23 A 1 O
FRAE RN GAR S B AR AR R, S 23 A A8 45 A
YR P FET RN M, R

69

27 HL s B AR FU R HEAT LA i 4 s,
FUR T RO AT A BB BATRE .

B2 HRERARLKE
Fig. 2 Node distribution system diagram

5 SR SCHR[2 177 ek i 2 oAb vE 8T L
BT, BRSO RAE A R A . RN
EPAT 50 IR, B KIEARIREBRE N 50, 1EFm A
AT LA, &5 il 5 iR

FRAPAEFER I, A STk AT LR
A S B e A o



- 106 -

® LRGP B R

1.07

L5
E 103
?}:é 1.0
; .99

a7

B B T T T R R TR

E 3 BT mRES S (EME)
Fig. 3 Voltage distribution of each scene node
(after reconstruction)

B4 BEHEEEWRR)

Fig. 4 Voltage expectation (before and after reconstruction)

190

170 = e A —— A2

150

[ AW

B 5 HEiRetsr

Fig. 5 Algorithm evolution characteristic

N T AEWRZ AR s s 1, DA AE
50 RHUISME, LRSS R ITF AT 0T . HUR L FE 4%
WAUAE . PRIRERT . B05 2 e NEARIREL. SR
A, I /INERIREUE RSB AR I B/ N AR IR
o PR BIURISIR B S 55 B L, 4
Rk 3 .
%3 EENELER

Table 3 Algorithm data comparison

2 S A SCHR[21]
I 453 S AR AR/ kW 78.53 78.53
SFEIFEI /s 73 12.1
B 7 22k W? 0.1347 0.264 1
e NIEARIREL 6 8

FHE% 100 94

M 3 R It KR BAT e MR U ik
ZER R R R LA, 2R A R R E . 72
50 RS, PRI 735, I SRk . I 1)
BT FEARH PR HRARE DA E % T 45 2R,
AR R RS b DU T 2K

Fg A BTRGE
4 it

ARSCHR T b oA ALY 1 3= 20 T Ha 1Y R

e SRS, R et A e DA S I T 1 v o

AR . I IR T SO HIRAERC

L EE R R L . G RERE, 2 SERSIOE

Py DAL TR B8RS, UG T RIEFIIBCR

2 R 2 ) S & B BRI, A SCEAL T

BB TEEEAD b, DR SRR o T

— B TAR TR R

S0k

(1] EHERL, FhII. 2 R H 1Y R 5 A DA R 5T
[1. T, 2018, 51(2): 118-124.

WANG Yansong, SUN Minghong. Research on integrated
optimal planning of distribution network containing
microgrid[J]. Electric Power, 2018, 51(2): 118-124.

(2] AL, XM, IR, 4. BT P B SR RIsAR B

LT HL O AT SE 1R PR AL S WO [D]. OKBH ESA 4R, 2018,
39(1): 154-162.
LI Jiang, LIU Weibo, LI Guoqing, et al. Reliability
evaluation and prediction of DC distribution network based
on sequential Monte Carlo method[J]. ACTA Energiae
Solaris Sinica, 2018, 39(1): 154-162.

(3] =4, XGRS, =B H M XUZ LI I RAT 5]
HLI 5133, 2018, 55(18): 50-56
JIANG Dong, LIU Kunpeng. Research on double-layer
real-time optimization game of active distribution network[J].
Electrical Measurement & Instrumentation, 2018, 55(18):
50-56.

(4] XM, TR @ P A s ) vy PR R b St
PP SAAD). 5K, 2018, 55(17): 37-42.
LIU Yangyang, SU Jianhui. A distributed power electronic
ring network topology and clock synchronization
algorithm[J]. Electrical Measurement & Instrumentation,
2018, 55(17): 37-42.

(6] HESA, FRAENY, ERNZE. IR I 2 A s YR
PEACRCE DT[], ARAEHL, 2010, 38(12): 1968-1971.
CUI Hong, GUO Yiyun, XIA Chengjun. Study on
distributed power supply optimal configuration considering
environmental benefits[J]. Northeast Electric Power,
2010, 38(12): 1968-1971.

(6] JEAL, HEIT, M, 55 BEEGHSHRNR M
MR RAMAEE[J]. I RGERY S5, 2019,



WAL, A5 S An ALY K BT H ) AL SR ST - 107 -

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

47(17): 83-92.

TANG Quan, XU Weiting, YE Xi, et al. Optimal
configuration of distributed energy storage system in
distribution network with the participation of aggregators[J].
Power System Protection and Control, 2019, 47(17): 83-92.
B, $607, Sebdbd, A ERisadE o A SO R G
FC P0G DL AR B T VD). T RGP R,
2019, 47(18): 90-98.

LU Chang, GUO Li, CHAI Yuanyuan, et al. Day ahead
optimal dispatching method of incremental distribution

network with high penetration distributed photovoltaic [J].

Power System Protection and Control, 2019, 47(18):
90-98.

WA, B, B, A5 T ek g SR 5 4 A X
FL YA G PR R A B ST [0]. R R AR G DA B,
2018, 39(1): 124-131.

YANG Jun, YUAN Qin, DONG Jun, et al. Research on
distribution network reconfiguration with distributed
generation based on  improved bat algorithms[J]. Power
Capacitor and Reactive Power Compensation, 2018,
39(1): 124-131.

QEREA, WK, W05, 5. JET e IR A &
W0 PR R L PRI 255 R s TR A (D). A RS
{4 45, 2017, 45(19): 12-17.

LIANG Tangjie, XIE Qing, LIU Chunfang, et al.
Comprehensive benefit evaluation of distribution network
planning based on the life cycle cost theory and the cloud
matter element theory[J]. Power System Protection and
Control, 2017, 45(19): 12-17.

MIRHOSEINI S H, HOSSEINI S M, GHANBARI M, et al.
A new improved adaptive imperialist competitive
algorithm to solve the reconfiguration problem of
distribution systems for loss reduction and voltage profile
improvement[J]. International Journal of Electrical Power
and Energy, 2014, 40(1): 112-118.

PENG Sui, ZHANG Yanyan, PENG Hong, et al.
Intracellular autocrine VEGF signaling promotes EBDC
cell proliferation, which can be inhibited by Apatinib[J].
Cancer Letters, 2016, 12(2): 333-338.

KHOOBAN, HASSAN M, NIKNAM, et al. A new and
robust control strategy for a class of nonlinear power
systems: adaptive general type-II fuzzy[J]. Proceedings

of the Institution of Mechanical Engineering, 2015, 41(6):

22-33.

YUAN Wenjun, HUANG Zifeng, FU Maozhun, et al.
The general solutions of an auxiliary ordinary differential
equation using complex method and its applications[J].
Advances in Difference Equations, 2014, 41(1): 111-119.
GAO Dahai, UPPUGUNDLA N, CHUNDAWAT S P S,
et al. Hemicellulases and auxiliary enzymes for improved

conversion of lignocellulosic biomass to monosaccharides[J].

Biotechnology for Biofuels, 2011, 4(1): 234-240.

[15] MOSES V, HATHERLEY R, BISHOP O T. Bioinformatic
characterization of type-specific sequence and structural
features in auxiliary activity family 9 proteins[J].
Biotechnology for Biofuels, 2016, 9(1): 88-94.

[16] KHORSHIDI Z, HO M T, WILEY D E. Techno-economic
evaluation of using biomass-fired auxiliary units for
supplying energy requirements of CO2 capture in
coal-fired power plants[J]. International Journal of
Greenhouse Gas Control, 2015, 41(32): 101-110.

[17] ZHU Ziming, CHEN Xindu, HUANG Shenneng, et al.
The process of wavy fiber deposition via auxiliary
electrodes in near-field electrospinning[J]. Applied
Physics A, 2015, 120(4): 234-241.

[18] HU Jianjiang, FICHTNER M, BARICCO M. Preparation
of Li-Mg-N-H hydrogen storage materials for an auxiliary
power unit[J]. International Journal of Hydrogen Energy,
2017, 42(27): 17144-17148.

[19] CHOI J H, KIM J C. Network reconfiguration at the
power distribution system with dispersed generations for
loss reduction[C] // Conference Proceedings of IEEE
Power Engineering Society Winter Meeting, January
23-27, 2000, Singapore, Singapore.

[20] ARALSF. & 4 A 2 U5 A TC FL I A BF S [D]. 9 5
B BT K, 2017

(217 xdysk, VPSR, M, & oS EInEER ) R

GECIARAL B N R BIEFE[T). ) RS R A A A,
2015, 43(9): 82-88.
LIU Qianjin, XU Huiming, SHI Chao, et al. Application
of improved teaching and learning methods in reactive
power optimization of power systems[J]. Power System
Protection and Control, 2015, 43(9): 82-88.

[22] EAY, Pelett, R, 55, & Tk R MR ) HHRH)
SRR IB YERRBE TS N O], R, 2019,
52(3): 177-184.

WANG Liping, PANG Xiaoyan, ZHU Yu, et al. Research
and application of secondary equipment operation and
maintenance technology based on internet of things and
mobile interconnection[J]. Electric Power, 2019, 52(3):

177-184.
#= HHEA: 2019-10-10; {&E HEF: 2019-11-26
TEZ BN

HARA=(1983—), F, AL, BEAZL, T2HRF
) A 4% B4R, E-mail: afc157zc@163.com
EAA973—), K, MiE, HAIARIF, LEHRTH
7] A W H) R GIEAT T B AR
K OFA978—), %, AiE, HAIAIF, TEHARLH
) 4k ARSI
(h# KEED)



	DOI: 10.19783/j.cnki.pspc.191234 
	含分布式电源的主动配电网重构策略研究 
	Study on an active distribution network reconstruction strategy with distributed power supply 



