$£39% F 128
2019 F 12 A

Vol.39 No.12
Dec. 2019

® 2 & #H wE &

Electric Power Automation Equipment

2 JErb DX RIS b s A F R LRI

FOBELAE BRI, R
(L. JERF R RGERILEFREARELLRE, ) H &HT 530004;
2. S ARRASLEES R, SR Hhl 528000)

FEE 4T B AT P R AL MR M &I B S AR R 509 FE L R AT AUR A Bu ol WP X PR 2 KA E
X 20 )5 BAT B A ALK Rk AR o b R E M TG o RS R IFE G O R X RATHY
HEN S, FILEARE AR R R R A I o 0H 09 B 09 AT Distlow 3R M S JE F K 4
X 2t Bl MY s M BE AR AL AL P R R 52 R N-17 AT RS 2 R A 436 4H 2 R E
Ko RN B AeAn R B AR 3% A H AR I 3 AR AT Th AN 4% R 1R AL AR AL A T 2 2R A e AR E
ZH-AEEI AL, R A Portugal 54 37 & B v W AT BT SR AL AL BEAT 45 LK, 25 R AR P K 69 E AR -4 B B i

BEH P kol b B A R E B S A R RBRAETT X B S A TR R T MR ARG T Sk
KPR Bl B A B ) s P R E AR o A R LX)

hESES:TM 73

0 5l

M HEEE G, AR AT 6
e P ) 2 R i J ) T, oA I R SRl 1 A I Y 42
Fho7 S0 Oy v B 4 o S B 3l Ak e A
TF-BC AT R R AT S

S35 I B 2L 5 AT SR Sk 2 R A
PRI b AT R K 46 v e 3Bty e 9 FH P 45 FL IS ]
{EAE AR Al g 52 B F b B H A s i & AT
HRR S I B B 5 S e 2 v R R R B B
P DU D2 S 300, G 32 28 it PR A fp PR e e 5 30k
% 3 A AR R 2 SO ST, TS ) 1 Bk 2% 1 B it
PR o XIS L BT PR RS — Bl &2
KIFREAS T BC L A sh ik el i n SRS o anfar
e FEL DO A 7 s P, AR DR 286 118 3 501 [ 2 R K]
N B3 R A DR R MERSE , 3T T HS TG H IR 254 5 2 L 2k
% B JER K, A R B AN DA AT R T OGE RCRE
W — 2% 5t ] BBl s J A TE R YR L o el ZE AR IR
DR AR T A LT 7853 4% AT e FRL I 1 9 g
DA R A SR SR B A Y B R g )

H AT, Be L A e i 9% AS i T S 1 B
R LT A CRE IR TH AN e 1 o H AR il i AN R A
RO H AT AT Sk . ECHE A 1R,
RIS R T LR G VAN 04 J v 0T 0 o s i
ek, HoRe mUE B IE M ] T Ber ok A L H
R B AFAE 7 S IE B AT TE) 4 L AR 2 R AR R A
DL AE RN, TR, R A5 T v Y Ak el i
s H 9 :2019-03-27; & B HH#H:2019-10-09
EETH:BRAAXRFZALFHAR(51767004)

Project supported by the National Natural Science Foundation
of China(51767004)

XHEARERG: A

DOI:10.16081/j.epae.201912002

)R R R R LR (R SCRIRL 4 X R A AT
WU 5 O BEAT 5, 2R A R I L BB T (TSC)
ST AN i, I T R e
2 ST B0 58 5 R 5 SCHIR LS 1B X Rl S 1R 42 T+ IR R
MR Bt A S A s B UK 30T D s
FEEA T OUIE s SCRRL 6 DXL ZEBe s I 5 | A 73 A1 2 RE
DEARART A2 5% 1 L 5% | o s 3 T3 1] BOCR-PA 1EA T F
T 3 SCHR L7 PR3 J2 20 DX ] 1 ek, 12
ML 52 B A i 2 s ) D0 0k S B BT i B, T2
MU ) 7 BARTT 58 SCHR [ 8 12t —Fh 25 i N-17%¢
S A4 AR (DG) 5 22 iR A i o I 22 H s
KUZ A RIS, {E A3 FCAS fi e 5 SCHR [9 100 2%
AL 5 i ) ST BT 8], KA ) 22 e Be A A4 e

AR IE L 1 1 A DRI 5 44 R SR C
RIRLRIIE AT P A — RORE s —— A A o KRR R
FRITHC FEL 0 265 1) 73 DA 22 AH B S B A R HIAR
YA T 4 — 1> Rt S A3 F R A T L R4 £ 1 At R
B0 T EEL 1O £ XA T AR T T S R LA
PEEERT R R0 45 A% FSOHR R BB IE
TS AT I A A — S S A A 38 3R T Y 1)
A% TET R 245 T S A 25 TR A [ 2 s K 2% o SR 5 1%
R AUAGETC FiL 19 ok s AT F 5, L3R40 o 25 R L TR0
53 X 22 57, AR 23 X A A ki H R AN TR, R 73 ek
i TARTERS A 2r XN BEAT Y rp e i LA 0 DX
HRER LR A B A% o3 X 2R, R ORAZ AT 50 Y 4 X K i
SR H A% 73 DX R A 45 2R B EL I HE TR R i AT
52 503 XK B 24, R T80 B B ) s P T

fifp ERIHL 200 1) AL A 0 A T R AR it R B 0, I
TRBIF S 3k SR P T AR O R AR B T Ik
{ELIX A BE Ak DA 2 T [P AL, JACEE AN IO S R T & 2 ) Al
T+, 23 = 0 S fy v i i O SEELEE RS, STy




F 1248 7R, AR B R P DRI 20 B4 R R C F R ) o7}

REMORAT AL BIIE T ) o AR SCIC L ) B Sl A i
J v 38 AR 28 20 R e, 4 TG H RIS A T S
PR, 4 175 BE b DXCEA T HR R 23 A T HEL T e M
T SR IRER B S AR R B T IR AR
TR T AR, AT AR 149 BEAS A DR IE 45 14 T 550
), Bl i I B R B 28 T O A e (KR 47T T it
L AT REE, SCORIE T U AR S s A7 1A P
AR SCHE ST T R B L P N=17 7 ey AL B8 9 7 Distflow
T AL 7 R B T P TR RSB AR, SR T i A ot 14 7
VR IR R A DAy R e S8R A TR 5 B B B B R
%) SOCP (Second-Order Cone Programming) # %Y | Jf:
W AT B

1 AR E

e Ko B 4% O 0 ke 174 M e (), DA A
A B R FH HE KA 26 25 8 04 J 1R R e R I A T el
fic L o9 2 T I 3E BT A i 2 B AL TR s S s AT, e
ARG 0 2804k 6 1) 8 S (L H BB T, DA IR A AR 72
O3 A TC HL I 2% 1 S AL L BB R AR SCRAAR DR 1 )
M, 5 SE TR R, WENH 2N EEM
e X A R R R R ERL P 2 A A
1.1 #EHR

A F DX DU T L Ll kS Sk 2 5K 1
AR 2 BB E DX, LA Hp X7 kg B AT i i Y
PR AR A A AR SR

(1) 4% ¥ DX A PO i LS P AT LK 5 b
HFRN 3, IF A I HE R AN E A R S

(2)10 kV At 2 B J U] b A 15 v DX AL v

(3) T DX P 4 A7 A S a7 £y 4341 A K
AT 2 % 7E IR R A T I SR AR, B v DX R ) 4
RN R R

(4) B X IR R ZH i 4~6 [01 10 KV 2R BRI AT

X2 R T H PR Ak ST B, X N 2R
B FR e 0 R M s P AN BB A L T A TR X RS L
1.2 HEBRENSEEH

Fh R T H P 2R ) S AR R SR R 0 2 S
KETFEAGZE . ETIEHETRE S HE
B T S5 B LHL R, MR AR 07 4o 5 SRS [R) R FH A I NV
B & HERL X EH BTG I 4T IR, il
B S B 28 T S AR T BE 28 5 5 40 BT SR e, B 5
W I AR R B I . R T2 TR
B W O ) B SR U, SRR AR P R A SR
VT B AR T2 4K Sl w Sk
LRIKE | AR =y B S SRS B e 1Y) S 4k 02 PR B
O3 SCRESTF I IE 7 s A7 I W T, LT A Pl N T 4584
AN BT R A b I B 7 5 m
1.3 HREGIT

(1) R X A5

R LRI 265 R 501 ] AL ) O BEEAE T Ul (i 4% =1 2

T2k T AR FH 1) 977 53 A B8 351757 LA BTG Ao 2 s 1) 171
R HH R N1 B R . A X E T
TR R4 T s U 5 R 2 HaL s ] 338 9% K 45— 251
[R) R, B 28 T 1) el sy B I A R T4 S A ixX — 2
A1, 38 35 43 57 J2 HRA) BT 43 SR 2 104 O vk S B
JZ T B A 9 FE 3 B L AEL E T o XA BRI AR EA T H
DX7E Rl P 8 A, e AR A7 B 24, Pl AR S
2 B DX R K 0 1 e R R AR R

AR SCRE TR A A i Ao AR R X R X R AT R 4y
AT TR B A H X BRI, 7 — e R B Rt
O B T AT . AR SO LR K

a. M DX R A A S AT R RE 4~6 45 3 T
RN IX I ELR

b. AXFE TR 23 v XA L P 2R A 7 E A DL SR A
O3 SRS ANRERS TP X R

c NTES S Z AT RS , £ T 2RI LR
AR FH ORI ER H Bk I A 8 I B AR

(2) % JE AN 0 SR B TR BRI

AT 25 S TR B e R B B 9 38 A T U2
FRA R, R R Y AR %, T EMRI7E
JERAN Ty S Feml AT E A . SR OUZ R AR Y
TG A5, BRI FL O i A 18 ) 25 B R R 25 4
SHASHF MR, ] LS 3T i i R ) SEBRIE A IR
(AR TR 2 R T AR B RO R R ek
AU v 2505 ) e A i %) ] R

BT R A S EAS Y P R AR B YOl 0-1 48
i, LA SCHOR T S5 A 0 T S0 R 8 2 A%
AR O B R dE LR 5, P OB A 118 U2 K] A AR
A EIZS NS Rl eI

2 EEHREXIRISH SIS KIRE

2.1 HE#REH
A ORI LRI 3 PN T e X R P A A2 A
ASZE S B F dse/ N H AR R AL, B

min f=C™ (1)
C™ =Y kLT, (2)
leM,
S5(1+8)
=z 000N vy (3)
(1+8) -1

Forp, O LI T5 S A BB S AR (R M, R TR 4R
B ko 0-1 78 B SRR BT A | A, L
{8 O R AHTE , O 1 R L, 8 L AR R Y
KB TR I R B B K R B4R 2, H
LR PR AT O 6 A HL T Tl I A 5 B o 22 35F
IBATAERR
22 AREMH
(DX
TR T X 0-1 28 5308 -



@ ® 0 & % L B

®39%

5,€{0,1} (4)
Hrh o N ETHHR S 0 WP X HS .6, =1 FRT
Ba ) EHIXD,8,=0F R T HaNETHIX b,
1 KRR T 14 X R

m

Y5, =1 (5)

Hor m AR5 a X R
1 IX T 4~6 250 ah R, B

4<)'8,<6 (6)
a=1

Hor n kAR I HE B B

(2)§RFPIRAH

e L XS AT © AT AR P32 4T 4SS, A S
PSRN ) 28 474 e R K] 5 FE A S P 2475 T 3 iz
1o B L R IR 2 17 A A vk ok 2 2 0

a. [0 2R 0 W) J ) P S 6 0k T FL T A
H05 E R D A L s B 2%

b B A P43 P 1 a5 R Y SR 2

SRR S a, BEST U R 2R

>k =N-N, (7)

FHrp N R LT 5 0 N, Sk T DR SR
Fpiili 2 45 b, 51 A Distflow 3 77 2 , 28 B 4%
A R R R S b
(3) 5REHIREC B R Y Distflow 187 7 72

X T L P AT T A
P;+Q;
z (Py'_ryUzj)z z ij+Pj,d
icu(j) i keu(j)
PZ QZ (8>
2+ 07
> (Qw-xq’z]): 2 0+ Qi
ieu(j) Ui kev(j)
XA S i, A
P2+0>
sz =U? - 2(rijPij +xijQij)+(ri]2- +x3) i+ (9)

U?
v () Sy ra TR e L2 kg oA 19 A5 ) S I i T AL
B30 (G) R FL I L A T S 14 S B R i 1 A
B U s WL R E AR P, A0 Q00 I K S 3% i B
Ui A DRI T Ty 3% 5 P AL Q, 43 R 4 A A DA
TCU UG TE MG P, R0 Q43 AR 1T sk 1 T i 4
(G AT D) TCIN I sy, 3 Ry =R S I 11 S
FLBEL AN FLT . R A HE 728 e 3l R A H T A
R R A 15 s, LA B R B A
(4) BRI
H 28 3 (L 24 B =17 24 50, T DA RS B 4 B S
AL “N=1" 17 DL T e (IR R o LA B 4808 R fly
AR . BRI g 2% Hh RN DRI R A B 2k B
1) B7 A 1, I R A% 5 A P 6 2% 1) e+ 2 ) 4 £
fif o PR, B 25 Y R 0L B A 50 % B2, BIVIE 3 i

A Bsf 8 e K 7 2 IR R B e A R i 1 50 %
SEBRIBAT HOME LA ORIIE A SR 2 B 1) T R I 7R
FE BRI ALY B R 0 I A e L 5 e ke
PRETE“N-1"15 0L T LR RE T, “N-1" K5 A% 0
BARAE T H ORI IR AL A “ N=-17 244 T B 2
“N S AR B fir A B T SR B SRy 3 A 5, TR I AR S
PR BRI 2 o
Y €.<Y . C-max{C} VieM, (10)

Ho, € 5 IR BV i C, N ER I AR R B IE
AT A AL A R 8 R R B BT
TR DA RAE s M, S HO RS IR AR5
(5) SCERAL R DI R LA
RYUL SO NL/N T 2 A i PR

|1 [tk YieM, (11)
Horp RS LA SRR LT 5 1, NS 1 AR SR i
A R
(6) 1 IX N BUE AT

2 R E AN A 53 S22 RN AE R 43 R X
PIHEAT , AN BB v X i
|k, —k [<min{8,,-8,,,.8,,-8,,) (12)
Horb kWA L RSP IRES s a) v a, MBI S
TR 108 T O R ity T 32 2 1) B R R i e 5
AR SO AL B AR BRI A RA R BRaR(8)
(9) I Ry 2 Rk, 2K (8) L (9) 5 R BUAH G, 7] LA
5 D 1) B >y SOCP [l kA 73R i
23 ERERHNZHESNHTR
SOCP J&— AR LM ™ 1K) H. 22 131 5 sk ) v 31
SR TR) AL, R P T oK A 25 35 BB (o b s A2z [ 8
AR SO BER 2 S SSAR I T U IS AT .
X} Distflow U 7 FE LA E4T SOCP A i, 7 X
13 =(P:+Q:)/1U; (13)
SIS B I AT e, & U, = U2 T, =
17,50(8) . (9) . (13) AT 46 hy

Z (Pif B ri"iif): k;)Pﬂ‘A_ P
cev( )

icu(]

z (Qy _xi/‘iij)z z Qs+ Qs
Kers)

)

ljj =U. —2(rl.j.Pl.j.+xij.Qi/.)+(r;+x§)]~i/. (15)

I,=(P2+Q2)/0, (16)

23t FRARIE AR Distflow I 7 FEAE A 14>
LMD RN 1A kA, X2 (16) A st g 3] .

I,>(P2+02)10, (17)

RN Wi P X | A =W @ WK eog 3

Bt =

(14)



F 1248 7R, AR B R P DRI 20 B4 R R C F R ) ®

2P,

20,
iij - Ui 2
Sorb | M BOUE AR A DR E R R
(13) A AN 52 e FA) 45 51, e g b 7 72 20 (13)
Hy SR

R, 34T T SOCP A8 JE X 75 i pE A7/

KOADEER:

<P 40 (18)

ok, VieM, (19)
AR S B HL il 1 A R 1 B A T R R AR
Ko C,:
VPI+Q=C, VieM, (20)
F U (12) 7485
Y VPI+0I<Y.S,~max (S} VieM, (21)

b, S N Bk B B eI
X (21) FEAT — R B AR B, 51 A B
B:

5
il

P}+Q}<B} YleM, (22)
At (21) AT 2RI R .

Y B<Y.S,-max{S} VieM, (23)

3 2 5 TR AR AR S R S HE LR A i Ik
FREAA 0 1ABRE e =R 1 A2l aA K,

IR 2 A B R IS AT A 0 AR Y 2 SR FE 4l
SOCP ™2yt A 73R g, R i 1 25 B8 b DXCEE B Rl 43 1
i L o) A A T A A

min f=C™
st X (4)—(7)(12) (14) (15).  (24)
(18)(19) (22) (23)

SCHR 15 106 EIRARE VEAT T ™A 18E , - 1E I
Xof TR N R i 3 1) 4 SR T R R, 7 B A AN
Z AT, B A ) L SOCP 55 i ) 45 [A) fi .

3 BHISH

R B UE AR SC T A R FE Spyder 8 T &
13 (IDE) T8 JH Gurobi7.5.1 3K fif 2 3K f #5184 . il
AYEE 2RSS M Intel 17-5500U CPU 2.4 GHz,16 GB
WAE, BEVE R S50 Winl0 64 bit, A SCPEH Portugal
54719 5 R G R A B EAR SO IR
3.1 Portugal 54 T = R G EH B

Portugal 54 15 i RG A 54 4715 i, Horp £ 4
95500, HLUR Y A 44, AT ELRI AR 63 4%, AR SO
K B 2R G854 RS WL SCHR [ 16 ] 71 “Fig.5 Solution
for Stage 3”.

SCHR[16 ] BRI 25 TR A 25 1 o e s 1) 28
) 50, 5 S5073 B, 0 S4 10 2 [ H 2 “S4-227 Fi1“S4-21"
FF A5 oAt H U5 ST R PR AR B < P 2R R R)

FFIRZ 477 ) JE U XT Portugal 54 717 55 28 45 I 4R 45 44
PEAT PR , A 4 SR LR s P BT AL RIS A SO
BRI HRIRAS o [ S 2R D o A IR, J R 0 D Tk
IP R KA ATk, RO W E T2, BEH
4y 2 MR B H A B TF M ik 1M 25

W GE ML R 15 KV, JEUED) R A 10 MV-A,
S R 65.9 MW, 9 5 S1—S4 2y #1519 450, 45 10
[ 1 2 L S X217 IR R 2k

ARG K SEAIM PR AR, RGN IR
L3 S AT SR PR AR a0 26 1 R (v ENS O P ik
frp 5 s SAIDI A JH P -F- 245 R[] )

F 1 Portugal 54 15 R ARG HIIA B R R AT £ IS HR

Table 1 Initial current and reliability indexes of
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Table 2 Current and reliability indexes of Portugal

54-bus system after planning
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Table 3 Comparison of operation indexes of Portugal

54-bus system before and after planning
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Reconstruction planning of medium voltage distribution network
considering partition re-division
LI Bin',SHU Qingchuan'?,TAO Sisi'?, LIANG Yufan'?
(1. Key Laboratory of Guangxi Electric Power System Optimization and Energy-saving Technology,
Guangxi University, Nanning 530004, China;
2. Foshan Power Supply Bureau of Guangdong Power Grid Corporation,Foshan 528000, China)

Abstract: Aiming at the problem of low automatic transfer rate of medium voltage distribution network, a
planning strategy is proposed, which breaks the original partition limitation of distribution network and car-
ries out the transformation after re-dividing the partitions. The access points of partial branch load are opti-
mized by the method of reconstruction and branch level expansion in the newly-divided partitions,so as to
realize the objects of reducing the load rate of main feeders and satisfying the transfer security verification
condition. Based on Distflow power flow equation,an expansion and reconstruction model for urban distribu-
tion network is built considering partition re-division,which satisfies the partition division constraint, “N-1"
load verification constraint and network topology constraint. The second-order cone relaxation technique is
adopted for convex relaxation of the mixed integer non-convex nonlinear programming, so that the original
problem can be transformed into a mixed integer second-order cone problem which can be solved efficient-
ly. Portugal 54-bus distribution network is adopted for simulation and test of the proposed model, and re-
sults show that the partition re-division makes the distribution network transformation more flexible on the
basis of order,and the feeders satisfy the automatic transfer requirement of tie switch after transformation,
which improves the overall reliability of the grid.

Key words: distribution automation; distribution network transformation; partition re-division; mixed integer

second-order cone programming
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