£365F6H
2016 £ 6 A

eI A LR AN RE A ACHL R — IR el

2 R HEE AW TR
(1. WAKRF CRFRLBAELSEHRFTHRETELEEEE LA Fé 250061
2. B S TSR LA I 261014)

Vol.36 No.6
Jun. 2016

% 2 & % iR S

Electric Power Automation Equipment

HWE, MEAESH XL (DG) M Heik X & defTip4E A S IR B b W 5T DG #9428 58 ) & — A sk F 8 e oh
Fl A, DG EAIBRE M —REEL AT ZRAGHANT DEB e R RMEA Y REH, R
ARRXDCEARTHHFERD ARG MBS DG N A B AR IR B A — K& & 69 4255 b 7 R4

b e B Ty ik A IREL R W &AM fe Sk i B AR

B KT R E R K DG EAR S Bk T A

g — R ERET R, IR FHAT T Z5 05 W Ao TAT RN,
;é%giﬂ @jﬂ%ﬁﬂ’ h\#ﬁi&%ﬁ, DG/T%%]%E?J, *‘lklﬂﬁlé‘i’iﬁ, *;QE/'I, {?_E&%/ﬁ,

FESFES: TM 72 XERFRIRES: A

0 518§

BEE BE IR [ AR B H 45 2 Y RO A 20 A 5
(DG ) e AL HL M Ry e SR W H T DG #Y A
GG S =N <o NN E DS WA SN S AN
2R ARE SRR | A ORI 2 R W B A PR R ) 22
R EBAT, I, T I8 AR R B HL R A R A
WY DG HE A 0 A0E i E H ) A 0 R e T
29 DG HIfiE

i A A1 27 35 51 % DG X BC FE, 9 B 52 Wi 147
TARZWISE, SCHR[1)2E TR M 2% 20 A sU1E
DIARESAT, 45 G 207 Hak 5 b 170 i Uk
P P L PO 5 25 L T A1 9 R D 5 SRR [ 2 3 etk
A [ R W A R e %o 42 AT SR IR B R, T
JE LRI A SR AT R 5 RS TR
A DG AEBC L R R i 4 A T A SR A B
AR H T R D AR AE A AL A EIRAT S IR T
DG X Fic HL ¥ 9 SE M LI, D oRAS DG Y S K HfE A
R AL T OFSER AL . SCHER[3 TN DG WAL & |
7 b MoHE A JT 1 A5 TR R O0F TEE H A 52 T Y A RE
K JERCT B R 2R 2 R A & DG B2
A SR g AR Bk R0 A - ir R 12 5K i A
B SRAG T DG R RHEAZ 5 SCHR (4] AR 7 E 5
YRR BEXS DG Y A 25 o 1) R 44 2 i 249 o 2% A
FIKN DG MEA R 15 H U S BT Z 18] A R KO
B AR T T R R A 2 AR A A
FIAETY | R Tk SEAF 58 R B R ) 1~ DG 2 A BE L K4
FOBIF 5 7 1w, BV T I6C A X Y — R 228 K S Y 32
WKimEH.2015-12-08; & E H#5.2016-05-06
HEEWMB. L AA R A& EEHLTA B (SGSDWFO0YJJS-
1400563 )

Project supported by the Key Scientific and Technological

Project of State Grid Shandong Power Company (SGSDWFO0O-
YJJS1400563)

DOI: 10.16081/j.issn.1006-6047.2016.06.015

R ETE DG L X DG HLE T [ i A &
ANBEIE AL H #5348 K 1) DG #: AU L L ) ok 1
s AR

H air LLBC L W A E AR DG A #F 5 AE # D
UL, SCHER[S T H T & X2 A OB IR 2 ARG i F
s T TR DR DG AR BN B R,
7 P 0 o PN = 9 1= o 5 B S G A |
FHIZ W 53 B o6t o3 A KOGAR B IR B 422 A T 90 Fn 4
T R G0 8 e 4 7 AR T C A A R B AR
CEAH IR E AT RS A T BIRMBGE T,
B HE X AR A H SO AR H il (R B R it e
TG A2 B 4 A5 1% B A ) 1 A7 2 | 220
T DG 2 ABC ) S5 6 H I A AR X — R A 1Y
G AT

AL AR SCHRE MR T 3 28 B K 7 DG 59N
fiE 7 A4 TE fE PN — VRO A5 IO SEL IS i o R
B T I R AT DT A 2] T R DR ) e R IR K
S R e DA % R R AN i R A 2 R A R ST P AR AR
R PFRA B I T — W A T 27 4 L i RE 5
R DG HEAFE & LA SEal | B2 1 45 T I A P42
94 DG RESI R bR ik AR — K& s 7 % i
AL 2R 5 b DX TR ERL O A 1) 2 HH T 9% TR L RS R 2
DG AWM — RIS E,

1 EEEMERKRERKENITE

TiC FEL R4 F) JR 66 L O 7K S R 9 T R A R Bl e
IR TC R 100 £ B v 1 O ) e A R B PG, LA LA B P
HL 0 rh— B A BT 2 BE 0, 75 I B e 4% b i 1
D H 38 = R 2 i R I ) R L O R R T A I
AR LU R =R g% 14 15 0 A R R Y KR Y
TR

et P 2 v 58 52 2% 0 2% ) R % PR O LG AT



%6

B A BT L YR R AN AR D AR C R T — R A @

i B N7 o R B R P D) 4% A I IR 45 AT
BROTR 0 B B s g SR R T O e R
HAEOLT MR A Lo IE R SRR T A
U e My | 7 I 38— sz 1) L B T kg e
B Hb | /N R AT AT % S R XA T
SR R LU A AT R R A A R TR R Ao R )
AN BIAS 2] S [ R £ ) B IR0 A

IEH Ay mT LA v SRR A5 A X il 4y
MR R A R
1.1 ERBERMESENITE

T F D) A S — e 5 R AR T e AT i S
B LY S A R LR B IR S TR s, fE A
FHTT A5 G0 0 B oK i T % R T B SIE B 2 R
B F B30 H 5 0 SR G 04 1 5 BB A 1 5 £
(M5 S 10 AT R ) B

Yy o yv.... Y. ||AU, 0

Yﬂ Y/] Yﬁl AU[ =1 (1)

YooYy Y, AU, 0
Hor AU, - AU, 23 310715 85 38 3k B oL e i
ST e n AR 25 T A R 9 4% AT B
PUAE | A 50 0 R A AT I, 7 T R
TR < W A TR R
AU] Z” Zlf'" Zln 0 Zlf

AU, \=|Zy - Zy Zy || -1 |=Z; (1) (2)

Az z, ez 0|z
Hoft 2, 2, (R 9148 T2 (1) K130 AU,
o AU, WOBER

R 1 b L

L=Uu/2 (3)

LAt U0 MR 15 0 A SRR L 0 8 T
MR

A5 AR AR (2, T L7814 T 5 B 0 o
S

i
SR J K TE B R U 43 o R R L O 40 o i B A
) J B AL AR S

1.2 @EITES DC HEfk a2

HR 4 % JEL B AN IR 5 28, DG AT A3 Ry i %
RUFN AR A 2 Fp00 — H B B AN, 7
TR RS R DG AT LA SR Ry H R IR R BE BT ER B
BB RY G T AR B DGR S5 Ak Sk L R TR S R T
J 6 ol | i YR R BEL T AR R A B AR (HL AR B DG
) I L O AN 2R o L 2 A E LI, — ELaE PR

TR 22 s A U T H 5 R R A 42

O T RE G PR SR i R B U AR SO IR A
DG Y288 — A A R A — S B R R R I AR
DG 2 i L UL I TE A A B9 AN TR AN [A) 8 BEL DA
IEA D 3

XX A L R A I R TR B G, A S T
DG e AT BB T — A% b g F: 4 R R R Y
T AR B HEROR A | R ZOR AR LY A A
S E DG B FAE,

2 BEEHEMATFHNEK DG EANTEITEER

DG 2 A FC 902 3t ol B H I R 378 A AR Ak HLEC
B X ERL P L 3 K ST A B e e 2 AR
5 E BE B A9 DG SEPREEGNRE 1 BERE IR % DG 2 A
et fEL ) 14— UK i S T 37 16 1, DR DR A 5 T FL R4 ) e
KMEAR B AAFREEZ X,

2.1 EEBHREH

B 1% DG 42 AT B L 9 L e RN 20K L A 4 7 52
i) N 25 8 e B o 7T E 3 R ) R R IR N — R
(RIS TR A 0D | Pl L 3 T — WO &S I Tt 32 8 ), 7ok
DG e R UEAZS 5 2 B8 2B A H A
DG e KL 5 B,

max Span (5)
Hr Sp, 0 DG 3L |
22 REIMAR

a. DG H 2,

tF DG H 1 B ANH M 0 T 0O DL K i
AZ R DG $22 AR L M5 — KI5 4 BE 5 it 52 el 48
Je PR B R KT | R e AR g DG T R
R HAGHLA & an=l(6) iR,

SDG=SDGm (6)
Hdr S 8 DG By 1,

b. TR H

TERCHL W& 4232477 DG #: A5 BB HL I 19 A
IR fE IR IR S E RN,

R+1:R_Ri+lul}L_PL(i+1)+PDG(i+1) (7)

2 2

Qin=0; —XMQUZL = Qi+ Qnciirn (8)
i2+1: Uf—2(Ri+1P,-+X,-+1 Ql) +

(Ri2+1+Xi21)P'4[-I]—_2& ©)

+

Hodr P QA Py Q5331075 8500 i1 (A 2 )
RMTCININZG R,y Xowy 2301 5 R i1 2
] (4 L BELS 5 U, 0 U, 23000 DR a5 A i1 YR
JE 3 Pocay «Queaan 25001 45 i1 40 DG A DT %
FITEII IR Priiony Qa7 91071 25 i1 Ab 9 T
i FTE) G714



4] ® 0 8 & iR B

$£36%E

K (6)— (NI T DG e KA ZS =B 1) 45
KR,

c. IEH TAEHRIAR

DG A Ja , HUE 5 A AR A6 5 80T L I 40 A 1
A PRI 0 2B SR FEL T S I AN R e — IR iR
) T AR 52 58 7, B

L<I, (10)
ok Ry P EE O AR B ) — IR G, A A
JNf B S LU 5 1, O — RS AR B K TAE LA

d. SRR AR,

DG B2 A X e HL 90 0 6 flL B 25 7= AR — E Y
FZMR | DR I R P EEL D 4 e R O N R — R A
) 2 3% PR AL T 37 BE T B

Ly < Ly, (11)
o 1 O — RS R VF B SR K B L 5 1, WA
N7 P B P

K (10) (IO T DG i KHEA K =BT
ANEERXA R

X R A TC H R 2R TR el LA AR A
PRAE— R iR 48 % 21T 5 K DG #: A%
I 25 A% DG 3 A 7 210 4 BEE AN
Yok

TESEBR A S e ) AR A 19 B KHE A2 A
DG Jii , T BR TGO T | Be H W ) — IR B 45 it A2 BE 1 L
TR WA A B DX O RS R Y A I L M
AR, PR 2K AT 2 0 d R A I8 Y
WD EER) DG T A A ] B AR 020 g
B EO BN B R R, e B T 2 3 1 R 22 4k

3 IRFERMIZEMNEE DB BIRTTIE

DG MR AR 1 BC L R A 1AL o0 A AR 230 A
M ESCAZ T 2% 5 B4 LV 20 A 5 DG 45 A B 67 B A
L P I TR AN [ 0 P S A 118 R /0N R JE 2 A i
ASTE R T DG A BB R A [ (e 5 250 st
ARTRY ) | A S B I () 1) S L 2 AT B AN TR, X s
PR 2R A0 2 X THE FL O R 05 L O 7 2B A [ R BE A 52

L % P U ) AR AN (SR T 4 e fR AP ) B A e
XF— Y A 1 A ] FEIB AT R TR PR, AT
Tic P 190 A 6L 8% FL DR K P B R 00 1 T S B 1Y
HL, BT L DG BRI A T R ¢ FL O ) B 3 A AT
A 2 {7 L g% HL R o 05 A 9 A T 323 R, DA T
ST SR 25 0k TE W T W | 78 T i 2k 45 8 o i o
SR

PRIt 4 T BE FL I SN RE T, B2 DG IHEA A
i BEOEIRT OB A 0 TR X — T T PR
o] THC L PO £ S R O R AL, 55 — T T B AR R AL
— UL 1A B FRL AL TR 52 RE T

B ] Jet 6% P S 8 L 190 O 9 B 9, A8 P il B 2k 4y
VB AT, R R BT 4% R F FR R e 2% | in ke A%
JEA /N BT AT

TR — UK B A 1 S L R T A2 RE ), ELAREE A
ARl A Hrr Ak AR RAR WA SRS A T,
LU G0 5 v — ORI A% 1 T 37 e B L IR A R R T
SR 75 1A I8 T B ) 5
3.1 FR#IEEERIBEN S X

(1) 28 HL s REZR 73 5138 1T

FTIFRELR 20 BEF O B REER r B8 47 AT LA K
RGBT, A AR R G0 Y 5 R K A it S
Jite 7 i

(2) R = TR &,

SR FH 1 BELATT A8 2 2 48 o T — 2% P ) e 6 L 3
(AT RS it 4 o) %) v BEL B A8 T 4 38 2o AR AR R 2
PN 25 44 AT L ARAS B S BHT . R FH s BT AR R 45 7T
DA /D T as i a5 i N2 T R B 4 T AR
S H R BT AR FE A% A0 A0 46 25 v Tl AR TR A

(3) R H BRI PA,

K B R BT As 2 — A [ B A AR
FRERE AL R —FME S M BRI R R | is 1777 2K
[ S E I (RS- L A s R s i Tl =
T R X RGN E A e, &
156 H L i — M5 22 25 R 2R e 4% Ab i 2 4 AL

(4) A8 e g R PR SN pT 4

FEAR 25 b SO N B B A it T R T
W/ /NPT A 0 BE PR A 55 7 I 26 Ao gl it K,
D] I 7 PR 2 % P AL e DR T = R 2 3% v 90 R T A /N
A RARL,

32 REERERMIZEN-REEREEHIE

(1) % 1% M0 41T

M DG AR HL R 5 1 H T AE H A B e R
) B0 AR AT R (75 I AT 4R I A 2R AR AN e Tl 1 L e A%
(RELR 2R MR TR BUR KA 2 DG 42 A 1B
Toe KB Aaf HLJAC TR ERE ) 28 5 oL UL 2 BB R e AR E AT
Bet%

WA A 2 B I R SRVF LR K T DG AR
(14 e K B g L JAE , DU) G 7 O 9o 2 I | A5 I b B ek
TR R YR AR I 2 TR,

2 % G e T Y AR R, TR | TR I it
A

(2) W7 3% 25 03 53 AT

XoF T T B g ) 3 B ) LAy

a. 7 IEH TAE SR 58008 f R A LT

b. 22 55 1 10 R A 56 HL 2% 1 A% 19 Bl AR e A A
R

c. FE e B b g5 1) —AH R IS 2 R A 0 vy T T



% 6 T, A BT A A HL U A B D Y B H P — Y A T @
AT ®3 TARE
A e o S LT 1 2 T T L 0 2 Table 3 Nodal loads
Ut B I BBV R/ R DG A 1 we VRO e
o%quiﬁ:iEﬂEEIWWJEH%EE%%%E‘J%’B‘?%{E,NU?%E 2 4 430 4312+j876
450 T K L 4 T 28, B PG LR : 10 S0 s
445 e A R o TS A 5 T AR . o A
T 5 % 110 B 40 X R R AR AR B L 1 5 45 4 6 190 186.2+j37.8

AL EAT T2

(3)78 FE 4 e oA

DG 42 AT H M J5 78 2y 22 300 a0 B 0 A8 J 28 77 >k
EORULES T8 TRy NI 4 I S G S B by NR R 7 e A
JE 25 00 48 2% P B R0 A B R IR IO BE D RS SO Oy
78 A VT ) R B P I R T S B B KR S L

T AR R A 0 3 25 R A oA T R e A A
BRI R A PR RS TR AR Y 3 A B
T, TR DL ™ 5 IS AT AT LA 2 R AR R R

4 HEISH

DU R HE BB X 10 KV R 3% R 661 F 5% 120 26 5 A
BARERE DG FH ST, Z& AR E 1
Jis Bl BB —RRF TSR 1 iR, &N
RELAC AN 67 fof Z 50000 i an & 2 .3 o, B3 2 AT,
LRI B B AT 5370 kV A, TETFE P EELY
FEMER R R 10KV, ZEEDI R 10 MV - A | i ER
WM 1kA,

|9, O, O OR ]

OO S B EHE

| 6

B E#KE 10kV REMEHE
Fig.1 Structure of a 10 kV distribution network

K1 —ABEHRSEREMSE

Table 1 Primary equipment types and installation locations

B s RN E
FAE R A% TuH-40000/110-Y1 10 kV BEZk
VD41212-31M WAl
7 % FZW28-12/630-20 WAL 2 M A4
LGFZ-12/630-12.5Z 3
o e LGJ-240 . B2 »
LGJ-185 S 1 s Ly B L
x2 EBBH
Table 2 Line parameters
SCHGS RS /m BT/ Q)
L 1000 0.035+j0.013
L, 7000 0.245+j0.091
Ls 5000 0.175+j0.065
Ly 5100 0.1785+j0.0663
Ls 3500 0.1225+j0.0455

41 BRITEMHE

TETT R 3 AL IIHRN 0.2+j0.2 pu. B9 DG i
Joi, 2R A% SRR Y HL VR 23 A R B 3 R AR = AR B
PR ) 5L P D A1 20 Sl T 1 2 AR 3 R

< 0.6

-~

N

i

2 0.3

e ~ -v

= 0 | - Z- )
L, Ls L, Ls

-+ A DGHI, =— A DG
B2 EERSTHERRSH

Fig.2 Current distribution in normal condition

=< 7.0
o
» R
D 3.5 .
B ~
Eﬂ 0 L L L =
L, Ly Ly Ls
3K

-~ A DG A, —— %A DG i
B3 AR
Fig.3 Short circuit current distribution
U 2 A1 3 T LA DG #91 AA & Az
R 0 245 1) RO A 2 | S R B R O L ) 7R
e, FTRITIL, HECR A B DG #E A BCH M | IE
i P U TR B L AL 114 748 A TS 2 o — U B A Y T 32 R
TIHR IR 5
42 BEANBENITE
AU 2 1 B RE R EE X% 10 kV 2
PEAT R REAR R, ER& T AR DG
e R AR T2 A B A I I U A | DR I A 11 2 T
T3 A T i PV JEL IS PR U A5 DR KA B AR ML T 2 A R
FRIBT

max Spen
L=<l

st L=< (12)
I < L

Forbt 1, 2 B LR TE RS T Al A B AR T
T Ty 43 0 A TR T B T i R 19 0k B o
V3T FE B SV IR 1, R TR Ao
FAY B AT LA 5 7 DT 28 1 0 T 7 6L 3



106) ® 0 8 & iR B

$£36%E

R TAE PR A SRR DG WA T 5 T & H
D], 1 s 2R B0 PQ B DG Y J i 55 AL
BHPTH 0.1 p-u.o

T 3 A L R A K B A
o455 05 DG 12 AL B R = A I R A A
I 2R (12) THRAS 200 2 — kR & T 32 e 1
R DG #EAZRE N 0.24+j0.24 p.u.,

AL, G 4 A T 0.2440.24 pou. 1Y
DG B, 1 C L I P 14 35 4 2 DR F, O s I v
i 3k LT 52 8 0 TR e L E B 4B AT,

43 BERWMBE

BOZL I HATEH AR DG 5N 0.4+j0.4 p.u.
(KT iR UEAS &), 80w 5 24
DG M AL E = A B A AR AL SRAS & A
B2 b VT Rl M B S I R IR A e R S LA
DA A 3012 4 i h i i o8, ORI 25 R

a. R,

DG ARG, 25 B v] g 30 A% d5c K I L
W4,

T4 EBOREER
Table 4 Check results of lines

v me ;;m:g;}z K /A BEHT EHHK
Wa /A A DG A DG G EHiliE Al
L, LGJ240 545 502.4 12.7 75 —
L, LGJI8S 460 70.4 4192 gD —
L, LGJI85 460 22.6 4672 JE LGJ240
L, LGJ185 460 14.9 366.0 % —
Ls LGJI8S 460 159.4 782.7 & LGJ400

MFE 4 BIITRZERAT LA DG 3 AN T 3%
LU AT 3 s ) AR R A I SR | K T 2R R B 1Y
FEL I 0 00/ T 4R I R 0 B i 1 0Ol S o S
TG, R 4 P BRI LUE B S Ly R
Ls 7 20 | B 4 1 8553 51 O 1G240 F LGJ400,

b. W78 ST G &,

IFE 5 IR EE AT LIA DG 3 AXF 3
LI T D RS AR A B0 R T B A 1 3
T BB 7 200 R HL I 48 1 e R B 2 i BV e KT
T R R T R R B A B RO, Pl DL o U S T
frefad , 2 s TT LU BT AE QF, 1 TF TR
Tt /N T AT RE H B S5 R B O PR R B A
T RSk VD4-1212-40M

5 MBS BER
Table 5 Check results of breakers

W 2 %ﬂiﬂ?lﬁﬁ 4‘;‘?‘{\ DG Eﬂﬁf'ij( %ﬁ%
AL /KA B LU /KA Py
QF, 315 31.8 2
QF, 20 9.7 7
QF; 20 17.03 7
OF, 20 5.95 7

c. BHELE

A RS B ARV R B R O — RS S A TR Y
18~25 15 . JFHA 2 4 A8 i i — U Ml mT B 80 0 4
K B LA 31.8 KA, /N o/ 14 I R 9 K
B NS 7 N i S (S P 5 3 a1 S
TERBIRTE | 10K 2532 W7 W A% A8 TR 25 19 1P B
L 5 B AR A 4 R B e RIR S B e 2R
44 HiEHEHHFAEMS,

(D) FEARNYES T,

i 3 P 27 B8 S BAR B I X — IR A
(1 5 s AT 3 B T T AR B P L Y DG
YNRE ST 5 IRV O R P 4% — R A X E IR A
B A A RIS B BESRIE I A KA = DG 5
e H, T 7 S I A 0 ) R i S RN B RE T

LA N

ZVHDH. o warznaresn

@ ﬁEZ’K‘VI‘%O . Table 6 Economical analysis

2 % ol i ) B 1 of retrofitting scheme
#r k30 jiﬁ/km,%ﬁ% e 3% 15 WA/ J5 G
e 1R LA SR T R 22 24 5 I 7 0
K10 TIE/ AN A W B 10
eI EN LR S T -
PrrEnsR 6 s,

@ o,

TC FEL DO A 35 1 43 ¢ AR AR /D T R D D 1R B R
Rgs I T R EE ST TAE R — ks B AR
KL 250 4% FIA R 2

a. FEERER

U R R R E DC etz ARA R4,
P T AL E A AT SR B TR R B BRI T R
WA WA T R R R IE S, XA T DG
Fe AR T8 e AR BT A O] PR R R R R
P TE 5 e AR R | v R T 2 R IR BT A Ay A
Fh2s KA T T A8 4

b. M RE AR

KA H DG W ABEMR 7RG rh HEOS 8
Z 10 K HL I FEEE kD T A BB T AR A A L
R R T ik B AR X R B E Y
T, 980 T IR Y| R B s b T O AT DGR T TR
PG YL 3R

(CILEFR g

AT T R IO T T B A R R ) T A | S
Jite AN A, A L DO A R AR A U P AR R
W s AF A 2N mVE SR B AT Aol | I 3% 7R HH R PR 5 R
PRt & ST IS B DG #E A BC X — ki
ek AT Hab A7,

5 #5iE

AR 37 L KO BEXTEC L I B DG H24h fg



%6

B A BT X YR R AN AR D B C R T — R @

TR BT B T TEC A P R Y — B A A R i
Tk o W TTE N — IR A N R UL 4 TR A2 fE T 1 A
JE IR T DG A M AT PR AR 5 [
I I AL 0 3 e A i T gl HOE N R A DG IR AR
RBAEAL A e 2R 701 2 Fi 7 T R IR0 ) O

SE .

(RS ENT5 i 7 S = OO 1 D = S o (= W s DO N N T S i
W), RS A Fk,2004,28(16) : 56-60.
WANG Zhiqun,ZHU Shouzhen,ZHOU Shuangxi,et al. Impacts of
distributed generation on distribution system voltage profile[]J].
Automation of Electric Power Systems,2004,28(16) :56-60.
(2] skor e, JEER B %0 45, op A SR AL R I S 0 R G LR
BARFERREMR AT [)]. I ARG S 5, 2011,39(5) :91-96.
ZHANG Limei, TANG Wei,ZHAO Yunjun,et al. Analysis of DG
influences on system voltage and losses in distribution network
[J]. Power System Protection and Control,2011,39(5):91-96.
JR/NFY R R IDE BXIE A A ICH I e 4y A 2 IR R ORVE A B
SIHT[)]. HIELAR 2012,36(10) :87-92.
SU Xiaoling, HAN Minxiao,ZHAO Zhengkui,et al. Research on

maximum capacity of grid-connected distributed generation in

[3

[l

distribution network [J]. Power System Technology,2012,36(10):
87-92.

TSR, BT R I 24 R 43 A s R A e B A B S
[D]. Kb BRI, 2008.

LIAN Xinle. The research of maximum penetration capacity

—
~
Pt

calculation for distributed generation basing on fault current
constrains[D]. Changsha:Hunan University,2008.
INE L EAT BRI, AF. BT SOG R HE A E L 19 s Oy ik
7. ARG LH A B ),2014,26(5) :60-65.
SUN Qian,WANG Qian,YANG Liping,et al. Reconstruction
method of distribution network with access of distributed
photovoltaic power[J]. Proceedings of the CSU-EPSA,2014,26(5):
60-65.
[6] Fmuil PG, & o3 A 2 el U5 C i 19 0T 5 0 ek R D7 ¥R [,
W R4 A 24K ,2012,36(23) :54-58.
WANG Chengshan,SUN Xiaoqgian. An improved short circuit

—
W
[}

calculation method for distribution network with distributed
generation[J]. Automation of Electric Power Systems,2012,36(23):
54-58.

XINATARL K 2. =M R B e IS /N5 0 R AL DR B S RS
PRAEAE[]]. W1 A S ki ,2015,35(6) :136-142.

LIU Yugen,MI Hongwei. Transient recovery voltage of circuit

[7

[

breaker at small-capacity generator outlet during three-phase short
circuit[J]. Electric Power Automation Equipment,2015,35(6):
136-142.

(81 FESFAH VL2 T i, &5 23 A e Y50 A 1 vl 1o i ose 3 7 o8 i
[J1. ARG AL, 2008,32(5):38-42.
WANG  Shouxiang,JIANG  Xingyue, WANG  Chengshan. A
superposition method of fault analysis for distribution systems
containing distributed generations[]J]. Automation of Electric Power
Systems,2008,32(5) :38-42.

(9] M #&a%. 1T d A = U5 0 e P03 Jad AL B L SR F S (D). B
i, RS R, 2008.

XIAO Xinxin. Research on power flow and short circuit

calculation of distribution network with distributed generations

connected[D]. Shanghai:Shanghai Jiao Tong University,2008.
[10] B A2 IR i, 0 | 45, 5 7 e Y5 R 190 1 Je 0% o dd 53 07

HEWFIEL)]. IR 2015,39(7) :1977-1982.

YANG Shan,TONG Xianggian,LIU Jian,et al. Short-circuit

current calculation of distribution network with distributed

generation[J ]. Power System Technology,2015,39(7):1977-1982.

[11] BARKER P P,DE MELLO R W. Determining the impact of

[

distributed generation on power systems. I. radial distribution
systems[C]//Power Engineering Society Summer Meeting. Seattle,
WA,USA:IEEE,2000:1645-1656.
(12] BBt 25D, AR, Tl {5 P BLE A & Kol g Js R ET i i
RUE AT ()], ) AL, 2014,34(12) :6-12.
YANG Yue,LI Guoqging, WANG Zhenhao. Probabilistic voltage
stability assessment based on credibility theory for power system
with wind farm[J]. Electric Power Automation Equipment,2014,34
(12):6-12.
B0 OUTR R R, O e g T A A BRI R ()], R Ty R
2237 ,2009(3):33-37.
HAN Liu,QIU Weidong,XIAO Zhihong. Overview on measure of

[13

[}

short-circuit current limitation on power system[]J]. Electric Power
Technology Economics,2009(3):33-37.

i, AT 10 kV AEBCHL T EE - R AR IR ]
BHE 45,2011 (14) : 145.

PRttt B g ot SaE AT de it oe (D], s aRBUR
2004.

[14

[

[15

—

CHEN Shiging. Study on the reconstruction and maintenance of
power transformer[D ]. Wuhan:Wuhan University,2004.

B I A Sl T v 0 e R AR AL R B IS (D ], K R OR
%#,2003.

fuN
5N
=

TAO Shiwei. Study on rebuild and planning to urban power
grid[D]. Chongging:Chongging University,2003.

[17] S8R 2R At B o8, 45, A s IR AC L 2 B FR O AL
R oy A BBt ,2014,34(1):6-13.
LI Ran,MA Huizhuo,ZHU Jinyao,et al. Multi-objective optimi-
zation for DG integration into distribution system[J]. Electric

Power Automation Equipment,2014,34(1):6-13.

EZ® .
ZOA(1990—), 8 W AKEA M+
o BER A BB O @) A B W AR AP R
LIy %A X R 4 71 (E-mail : sdu_chengchao@

163.com) ;

=
‘ . B E1963—), B b R BN A #
t BOMEAR AT B BEEL £

2 A

BRI @ AR N FR GRS 2% (E-mail ;
houleig@sdu.edu.cn) ;
HRFAM(1971—), B, b AEEA #H#K M T EHA
7 #1A% AR B AR A7 55 32 4] (E-mail ; guibinzou@sdu.edu.cn) ;
FAEAR (1981 — ), % L AR EA, LA AFi bR
EATE R IAR,
(T#% 121 R continued on page 121)



Zom THE S RS R e R R 0 % B A ®

[17] FIEDLER M. Algebraic connectivity of graphs[J]. Czecho- 1EE= N .
slovak Mathematical Journal,1973,23(2):298-305. IHE (1991 — ), B, 2 Az i A
Mess B AT IROERE KA AS T S5 0 B i S R 2 . . o
[18] ET,‘;KHID%,@%#%. ﬁlﬂﬁxﬁ/'ﬁﬁ’yﬁéﬁg[ﬂ I B2 zﬁfﬁ%i,m%f@ﬁ%ﬁ%?ﬁ4fi4{£4T
3 :341-352. N
#,2011,34(2):341-352 5 # 4] (E-mail . 1249424131@qq.com) ;
GUAN Yu,ZHANG Xiaodong,XU Guanghui. Deformation and N
. .. . . PEER962 — ), F TR HA K
algebraic connectivity of weighted trees [J]. Acta Mathematicae . . . . .
R MEERRAFT L ZEMATTAA

Applicatae Sinica,2011,34(2):341-352.
TN = 1 A -
[19] ELDURSSI A M,0°CONNELL R M. A fast non-dominated B RRBAT M B MRS AR A

sorting guided genetic algorithm for multi-objective power IHF H;
distribution system reconfiguration problem[J]. IEEE Transactions FNE R (1978 — ), B iz AL A &)
on Power Systems,2015,30(2):593-601. ¥ Wt AR T AR RASIHIEATIEH

Multi-objective distribution network reconfiguration considering uncertainties of
distributed generation and load

WANG Xinping, WEI Zhinong,SUN Guoqiang,Ll Yichi,ZANG Haixiang

(College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China)
Abstract: A multi-objective distribution network reconfiguration model is built,which fully considers the
uncertainties of wind power,photovoltaic generation and load,as well as simultaneously optimizes three
important assessment indicators of distribution power system,i.e. power loss,nodal voltage minimum and load
balancing degree. The scenario analysis method is adopted to deal with the uncertain factors and the
simultaneous backward reduction method is used to reduce the scenario number. The impact of scenario
number on the reconfiguration results is discussed. The MDBBO (Multi-objective Disturbance Biogeography-
Based Optimization) algorithm is applied to solve the model and the fuzzy set theory is used to obtain the
final reconfiguration scheme. The test results for a 69-bus distribution network show that,the proposed
algorithm has higher searching efficiency to quickly find the solution of reconfiguration model and the
distribution network indexes are improved by the network reconfiguration to accommodate the distributed
generations.
Key words: distribution network reconfiguration; wind power; photovoltaic generation; scenario analysis
method; multi-objective disturbance biogeography-based optimization algorithm; distributed power generation;
uncertainty
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Primary equipment retrofitting to enhance DG accommodation capability of
distribution network
CHENG Chao',GAO Houlei',ZOU Guibin', WANG Juanjuan’

(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,Shandong University,
Ji’nan 250061 ,China;2. State Grid Weifang Power Supply Company, Weifang 261014, China)

Abstract: With the rapid development of DG (Distributed Generation),how to evaluate and enhance the DG
accommodation capability of distribution network becomes an urgent topic. A mathematical model is
proposed to calculate the maximal allowable DG penetration capability of distribution network,which
considers the impact of DG integration on the current tolerance ability of primary equipments and takes the
short circuit current limit as the constraint. The measure against the short circuit current limit and the
scheme of primary equipment retrofitting are proposed to enhance the DG accommodation capability of
distribution network. Based on the structure and parameters of an actual distribution network,its power flow,
short circuit current and maximal allowable DG penetration capability are calculated,a corresponding scheme
of the primary equipment retrofitting is given,and its economical analysis and feasibility estimation are
carried out.

Key words: distribution network; distributed power generation; DG accommodation capability; primary

equipment retrofitting; check; short circuit currents
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