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Fig.1 Flowchart of planning model solving
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Fig.2 Result of line optimization in load region

4 ETFREMUHEBTEENNE R

4.1 REBMUEB

SRR AT SR i I AR B — b L T SR T
BAT N RRIATTE , BRI R E R G e
SRUELERE S AT A R | JE R 7R g AR
BT T, 2% RE A R i RE AR 4 48 AR BUF A 2 b
f 2 B AR, SRS TR B S A T A
Wae kI EY S EMERENAE JHEZI I

WA SR BRI R B Y Bk | SRR LR T
ST

a. HE R p . TR EL g,.,., BEALBD U
R MEEARNL B Pro= (Proes Pooy) 5

b. T A SR A AR T 5 18 5 0 A0 BE AL
D7 1) S HEES
P..=P, o+ (rand-0.5)R, P, =P+ (rand-0.5)R (11)
Hoh R R,

c. I TREAMEYALE  BOEMITT S AR
FHEY d,, PR RE e B AE S, O g AR %K

dFVM', S=1/d, (12)

d. B S, AR IR IE e J3 ) R R (U R 3 0L B

B, FHOR SR H SR A A7 8 R R IE R

p=Fi(S;) (13)
e. PRI AA o AR S e B B v ) SRR (R AR M)
psbeslzmax(pai) (14)

£, LRI AR B py KT RE YA A P SORH IV 1 A
B, G o SRR AR P BT [ i R 25
P usOx:P oshesty » P 0s0y = Loshesty (15 )



%18

W30 T G K 45 0 T S S A 115)

g AR ELPITLTE D —e, HFE
FAKEUKTF g BT B VR R PAE AL
42 ETREBRNHEBRTHIEMRKRBEE X

AR SCAH S B T FRL AR E il R R i T R YR R R )
RO L e PR R R R R I X SR 1A
R BV BRAEFE AL, AR R R R L
A L AV D) SR P AR Rk Y R A R) R T AT AT
P C FL AR R 67 B AR, R RSB Bl AR
B LU E S AN RN (el S T=R7 5 el R e L
NI R AW E el cE i G LIPS 7 = AL E a1 W N
AP A ) A T A R0 vy SR e S AR A 5 AR
R ) A ASE AR 7 ] T T P A F 3 BRI A AR R AR

a. ZHOEE , Hh RS ER Y RS
SRR R RIS /NI 2 AR I B R B o Y 31 1) 2
B HE MG A P IHAR IR 4 PR 4 B e 2 T
W5 4T 8 R A BT DT AR R

b. B 3.1 99 07 T AR T AR R R AR,
K 3.2 7 7 R I 4% T AT X IR 4

c. WITAAL R RN B FIE % 7 B s e i
fiff AT B AT | R AR SR I I 265 6747 18 i AU 1
SR BERA b L BD

J J
P%Qr:}f_gzxjg, Pu=1-31yp, (16)
j=1 J =

d. VBEE SRR () AL T 1) RN S SRR R
A e 38 0 pREIC T R S SR AN A S AR s
TEAN B AR B 45 A far DX 38 %) 5 0 ey | DA I SR s e 7
3.3 WA HE L BN Z B 1 I LK (5) TRk
JE 2 PRECOT AR BB S/ N R e A, SR
FHIRBROUAASEARY W 2 T pR R B 78 80 S, I i Ii

FIRESLH F=F(X;,Y) = Stou + Frin + Crguon +
Crot Za, M S;=1/NVX24+Y? € L p=arctan(Y,/X,),
b (X, Y, b E H AR HL A o AT

Xi=cos@/S;, Y;=sin@/S; (17)
TXRE VR R PR R
F:F(Xi9yi):G(Si) (18)

e. NP SR UL A BB AT A A A | B L 2
WA B A 0 A DA T v 8 v 0 ) B R O B

5 BOIRGRSH

5.1 EHligit

R A5 FEL 0 2 R MR | 5 b DX Rl el — i 35 kV )
A HL Sl AR 7 ey T 25 SR R 13 630 kW, AR 4 R )
WK 35 kV ZE sk 25 2% b Ry 1.8, W) ml 5 s 1 Kl
AR LUl B R E /DN 24543 kV - A R AR fL
BRI T %0 3x 16 MW, B2 K% b X AT 32 A4~ 17 for
SN 3 s Herh Rk b B X s R A 1 R

7 FH AR SC T 5 TE HE, AR HE o B S A R 3 I B

25 - o B fif A,
Y o JRAAT A
20 | (5) @ i A X
_ o D @ A by 4l o T X
2150 @) o
ﬁ ¢ ©
>~ 10 o (2)
st @7
0 1 1 1 1 L ]
5 10 15 20 25 30
X %t/ km
3 AXEEERIEMIER
Fig.3 Result of substation planning by
proposed method
R BHRUBEXE
Table 1 Specific geographic regions
X I i AL A/ km AR/ km
ST (14.257,20.736) 2
(5.294,6.578) 2
SR Kk (17.832,16.213) 1.5
(24.376,8.423) 1.5

Koy N 0.08, T IHAEFR ¢ A 16 a, 2k B 00 K B 9%
L ¥4 150 T3 96 /km, T8 R 5 a=0.004 69
(B2 s A AGEAT) | R MR AR Uh 057 ¥ 0 LA T
A W 45 7 far B I BL O R D B [ =2, 2 Tkm DX JR] 3%
R RBEML ATy I SRR R X AR (-1, 1  km, H 08
PR RLBE K /N Ry 30 AR B 100, 7% 571 57
100, 225 72 100, BLKIES S ULIE 3, r A 19 4
PRI 20 A 6 A X 3, ] LR R &5 SR B A A b
52 BEESWH

AR SC A RIS 5 TR 7 g X e R R G T LAY
PR SR 5 1 e R R AR R () DX 0 i A A SR X sk
Rl 43 AN B0t 228 58 55 T I 4% G pr S, IR A AR SRR Y
AR AR Ay A e FLAN R A DR B DX BB B
RSG5 SRR K AR XF 5.1 1 AL o ) gk
XA BN 6 3 10 #HATE R 5080, 455 WoR b
F XA B3 L | X P B Ay ) 2R /D AR H
U A0 Aoy () 28 s 44 £ R 2R K R KT 7 g TR 2k
BEACTE | T AR B AR S

U5 DR Rl DR A BT e P X e R S 3
AR TR A L A B Sty | L[ R /N T R i 728 L 7 1Y)
VeHE a0 U PR 1 R U S OB R 37
S VA NTE Al DX [ AR 2o DR A A R0 R Rl 67
BHERRAE AN B X, A7 B AP O 500 0K
FORCSRG RAT I 0, AR dn SR A e o ) 2k
2T ERAE B R A5 R AR et K s
Y5 8 A AT AR DR R0l PR T B AR A 100 B
P Ak R e L e R R ) 2

FESMEREOR A AR v 3 2R X () ) 9 L ) 29
T AR, R R X KA



{16) 2 0 8 & LK

£35%

AR DX 3, | R A AR 2 A R B AL 2R AR ME 2 B
Mgt 5 48 2R X i) ok /s | SR e 4 2R A R 2 0, HL
KON R il . A SCEBE R X R [-1,1 Jkm
FN[-5,5 km, £ XA R X R 2 BIHAT 10 ALK
i AR AR YA IS R R A R A 5 B F L R 4
ME R E XA [ 2,2 Tkm J&— 5 A BRAR A 2 75

BB S

iB17

i ]

. L . . 0
[0,0] [-1,1] [-2,2] [-3,3] [-4,4] [-5,5]
R X /km

B 4 #EXETR T HAMIE TR IE 0
Fig.4 Influence of search scope on investment
and search time

53 Rtk

SR U B A SO AR A A Rt ST 5.1 T L
A3 N SE PR SCHR [ 12 )RSk 18 ] B BRI A SOk
[ 18 ] B4 S AR FR ANAN AL 75 DA A 28 H ol 36 ik o8 254
AUl AL R 2 R b B B 2 R AT
DA -l AT e 380007 A F sl ik A 7R g S FH A
LRI &5 R 0L S o F SR RO IR 2% 42 | BRIy
£ R Ny A Wil <1 [ 2 S AR TR D) 1 S @0 L AV

307 o R

25 t @ 3 B A b X IR
@ 38 T 0 M B X

20 r

151

Y il /km

10 +
5¢F @
0

5 10 15 20 25 30
X 4 /km
B 5 k(18] AL TRt Mk 45 R
Fig.5 Result of substation planning by
method in reference[ 18]

73 SCHR [ 12 17 Bl i 4 388 1 R 12 5 2 M ) g
AR 22 ) R e S A R E R I e M
J7 G R AR Rl A FUR TR R e sk p 2, B
6 2 X BEHLAE I 10 A7 H 3l 45 1 il ik 3 0RE A5 2
B B C LA 7 58 45 2R 7R B 2 U S A P gt
(ELRE A rh R 25 I Y 2 B AN ik SR LR %
4% T A2 Al LR WAL, 43 SR 1 5 /D A A
MOBARYE . 3 2 & 3 MREL BT RLRIAS A e bl
T BAAS SCH RN T7 S B BT 9% S5 B, R R 25 4
BT T PRI 0, BARAR SO i R A X L R
2%, (EL PR A R 8 10 08 58 VA HE AR R R B L R T
AR,

307 o TR
@ 3y A Hb P X
@ 1 i By 2t 3 X 54

5 10 15 20 25 30
X i /km
B o6 XEk[12 | EBETRIEMIER

Fig.6 Result of substation planning by
method in reference[ 12 ]

®2 AMXNERILE

Table 2 Comparison of planning results

Bk BERWH/ T AR E /km BATH R /s

ARSI 13276.635  (16.030,18.769) 8.38
JCHRC18]%F L 54301437 (15.364,14.034) 7.45
SCHRC12)%7, 23234279 (17.934,18.523) 1043

6 it

e AR L il KRR — N 2200 2 H AR AR
FRLAME LA DA TR, A SR Xk BUAT AL R B 0 v 7
722 P i Y 2 S0 R ) 24 67 iy 506 A DG E A ke B
At — b T G A X SR 23 54 T F A R R
B JEA Bt i SR U0 A Sk I TR A A ad
X R B A5 R S5E .

a. & T 00T DRI 1) T PR 7 R ol A ) A R B
W T S B R, XA B 2R DA R < e )5 32
6 B D7 | e I BIR b U 30 S5 s R

b. K SR O A 55 1 5T H S H 3 ) () A
L KA AT R )R SR e R A
B 2R T IRPERESF L

c. i HEL 7 Rl AL A S R 2 T A e Yl X
LRPRALTE | XN LR AR BT A 2608 47 9% FH RS il ik e
MR 456 T M EAE R A 7 R R AR

SE .

[1] DOMINGO C M,ROMAN T G S,SANCHEZ-MIRALLES A et al.
A reference network model for largescale distribution planning
with automatic street map generation[J]. IEEE Transactions on
Power Systems,2011,26(1):190-197.

[2] EL-FOULY T H M,ZEINELDIN H H,EL-SAADANY E F,et al.
A new optimization model for distribution substation siting,
sizing,and timing[J]. International Journal of Electrical Power &
Energy Systems,2008,30(5):308-315.

[3] SEPASIAN M S,SEIFI H,FOROUD A A,et al. A new approach
for substation expansion planning[J]. IEEE Transactions on Power
Systems, 2006,21(2) :997-1004.

(4] U I RIRE, — Rt b7 BRSO 2 B AR T L h
MR ], T AR ,2010,25(7) : 137-143.



g1 WS, TG DO 48 0 o 7 3 R 117)

LI Xinbin,ZHU Qingjun. Application of improved particle
swarm optimization algorithm to multiobjective reactive power
optimization[J ]. Transactions of China Electrotechnical Society,
2010,25(7):137-143.

(5] E e, X0 A2 ae, BT IR G AL 5k 1y A8 vl gt il e 45 [ ].
871 &4 A 31k ,2006,30(6) :30-34.

WANG Chengshan,LIU Tao,XIE Yinghua. Substation locating
and sizing based on hybrid genetic algorithm[J]. Automation of
Electric Power Systems,2006,30(6) :30-34.

(6] XV F k& skfh. JeT LS BV R 7 B B 38 N/ A 55 ooy iR AR 5 vk

A S L BRI ()], H 0 F B 4%, 2012,32(10) 142-47.
LIU Zifa,ZHANG Wei. Substation planning based on geography
information factor and adaptive niche differential evolution
algorithm [ J ]. Electric Power Automation Equipment,2012,32
(10) :42-47.

(7] @A R ok BT A5 25 JB A A A A kA 2 L b
[J1. ARG 540 ,2010,38(15) :75-80, 109.

GAO Fuliang,ZHANG Peng,SAI Xue,et al. Substations locating
and sizing in uncertainty load environment[J]. Power System
Protection and Control ,2010,38(15):75-80,109.

(8] Emuil  BUMEFTE 1 2, 55, 7L oy ol e ik 2 25 T I Be O Ak R O vk
[J]. B A% AZE,2005,29(4) :62-66.

WANG Chengshan, WEI Haiyang,XIAO Jun,et al. Two-phase
optimization planning approach to substation locating and sizing
[J]. Automation of Electric Power Systems,2005,29(4):62-66.

[9] RANJAN R,VENKATESH B,DAS D. A new algorithm for power
distribution system planning [J]. Electric Power Systems Research,
2002,62(1):55-65.

[10] &= BTHG IR, i i 728 o 3 22 B BEA AL LR A RS (7). Al T 4
A,2012,36(10):113-118.

GE Shaoyun,JIA Ousha. Multi-stage model for optimal distribution
substation planning[J]. Power System Technology,2012,36(10):
113-118.

(11] ™ vl B BE W), 4 = 0 | A BE T BCb s 7 JF 5 3k 10 4% il
WrBefofeit ik ()], 1RG50 ,2010,38(5) :34-38.
YAN Siwei, YAO Jiangang,Ll Fengtao,et al. Two-phase optimal
planning of substation locating based on refined PSO algorithm
[J]. Power System Protection and Control,2010,38(5):34-38.

[12] skZ2 AWK, Tl A 25 A& FLR R R 5 50k o )],
AL LR ,2004,24(6) :59-64.

ZHANG Liying,FAN Mingtian. A new model and methodology
for distribution network integration planning [J]. Proceedings of
the CSEE,2004,24(6):59-64.

[13] B on. Sl T w190 0 fh A0 R A 75 R 3 v F) T 5 o G 52
R 5 A H TR 2004,
YANG Su. Research and implementation of city distribution

H[D].

system planning optimization model and algorithm[D]. Nanjing:
Nanjing University of Science and Technology,2004.

[14] TAPAS K,DAVID M M,NATHAN S N,et al. An efficient K-
means clustering algorithm:analysis and implementation [] ].
IEEE  Transactions on  Pattern Machine

Intelligence ,2002,24(7) :881-892.
[I5] PAN W T. A new fruit fly optimization algorithm:taking the

Analysis  and

financial distress model as an example[]J]. Knowledge-Based
Systems,2012,26:69-74.

[16] R 3 XU, 5E T 40 BB Ak i R AR UL AR50 (1], THRALN
JH,2013,33(4):964-966,1038.
HAN Junying,LIU Chengzhong. Fruit fly optimization algorithm
based on bacterial chemotaxis [J]. Journal of Computer

Applications,2013,33(4) :964-966,1038.

[17] LIU  Yi,WANG Xuejie,LI =~ Yanjun. A modified fruit-fly
optimization algorithm aided PID controller designing [C] //
Proceedings of 10th World Congress on Intelligent Control and
Automation. Beijing,China: [s.n.],2012.:233-238.

[18] KW A7 2 0 ORI 45, 56 T hobhE = JRE 590 12 10 722 ol i o ik
FERIT)]. gk ,2008,36(5):32-35.

DONG Yongfeng, YANG Yanging,SONG Jie,et al. Optimal
planning of substation locating based on improved PSO
algorithm[J]. Relay,2008,36(5):32-35.

W

% L (1980—), % , AR FHREA B
I I o B R A G U I S A
F ) A= B A% e /& (E-mail : Pengwen@ncepu.
edu.cn);

ABER (1989 —), B, A KA ML
B | ZRAT 6 A ol sk ik 5 ML

& H(1975—), % LB KR EA &%
KWL, ZEMET @A EMILE

Distribution substation planning model based on load region division

PENG Wen,DU Xiaodong,SHI Min
(School of Control and Computer Engineering,North China Electric Power University, Beijing 102206, China)

Abstract: The radial connection between load and substation in traditional substation planning ignores the
outlet limitation,resulting in the mismatch between planning scheme and actual grid,aiming at which,a
substation planning model based on load region division is proposed. It sets the load regions according to
the number of outlets. For the loads in each region,it takes the original load as the starting point to
establish the connections among loads,following the principle of “trunk before branch”. For the loads outside
the regions,it applies the radial connection between original load and substation. Penalty factor and reward
factor are adopted to introduce the geographic factor into the planning model and the fruit fly optimization
algorithm is applied to obtain its optimal solution. Experimental results show the obtained planning more
practical , verifying the scientificity and effectiveness of the proposed model.

planning; electric power distribution; load region division; fruit fly
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