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Research on locating and sizing of DG in the distribution network considering
voltage stability assessment
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Abstract: In recent years, the equipment operation of the distribution network has been getting close to the limit state.
Therefore, the problem of voltage stability has appeared in the distribution network gradually. In view of the factor that
voltage stability is not considered in most current researchers on DG access to distribution network, a method for
determining the location and capacity of DG in the distribution network is proposed, which takes voltage stability problem
into account. By improving the traditional voltage stability index, the allowed voltage range of power system is included
in the stability assessment index. Based on the comprehensive consideration of voltage stability, network power losses and
current margin index, this paper uses TOPSIS method to decide the location and capacity of DG in the distribution
network. Compared with the traditional voltage stability index, the rationality of the improved voltage stability evaluation

method is verified through the simulation on two-node system example. And the feasibility and effectiveness of DG

location and capacity determination strategy are verified through the analysis of IEEE33 node system.
This work is supported by National Natural Science Foundation of China (No. 51277134).
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Fig. 1 Simplified branch model of a distribution network
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Fig. 2 Two-node system model

HUS R FE AR I, LU SR VRV I [y, A J IXE A
(0.9 p.u,L.Ipu] . Bl G (45, A SR i B
FEFRR L 5 SCHR[13] 0 2 TR A7 AR R I F s A
SESRRE L) AR BB Bros. Jorh, L) 4RbR LI
JIRERR BRI AR T 0 #E A, Fiabs vt 5 = (18)
s, HARGEMBR{E N 1.

4 2 2
1= 1068~k + 000, +RPI] (i9)

0.7 0.04
0.6 0.03
05 0.02
0.01
2 04 "
= = 0
b =
~ 03 ~
-0.01
02 o
0.1 0.03
0 0.04
0 200 400 600 800 0 200 400 600 800
By L A71/% B gaf LLA)/%

3 FEIGEHERKAR T BEREHBIFIHTN
Fig. 3 Variation of voltage stability index under different

load increasing modes

HHE 3w, EMR G ARtk SR, Bl
TR, SCHRI3] R e s AesE Fighn L) 1) 1 Jy i)
AN R, AR SCI B AR e FR s L) 1) 0 J7 ) AN Wt
Wb, E VIR AR T R R, HEE
B AT R IR IR AR A S, e IA
# 0.9 pubf, JrX—m KR 620%, i
AT AR 2] 510%. P 3 nr%n, IXPFHEDL T
SCHR[I3]H R L) 356553 5k 0.446 6 F1 0.443 1,
F L SRR AR E L R TR bR oA 1, DR AR oA
PRI LI RGUAL TR RS . AL B
H ) R G SCVF I HL RIS ATVE [, TE 3 0.9 pouiHAK
CLIAR) T REWIE, B 3 4 Rt SR X
UL N A Ly $abrIETh 0, RIH ORI Blfa e
W BRIRES o BRI, ASCRTHE S 1) L) $abr BAT G B
3.2 IEEE33 1 & Fe B W 4 4

X DG iEhk s P sk oA R FHan i 4 Frosi
IEEE33 7 fific s AR, 05 32 455, 1o 1T
R EMER R N 12.66 KV, JEHET) 2 ) 100 MVA.,
LR SO VFIE ] [Apin > A ] X [0.9 pou, 11 pou], &
SR B I K F AN 0.4 KA. 43 5175 B F R 4% 471
R S CE AR RN DG, ) B & R kbl w507
KX NRG RIS, 2R mE S
FT7R o



-9 @A &R B R

25 29 30 31 32 33
1 1 | 1
| 1 I 1
24 - 28 18
16
- )7 — 17
23 — 6
| 13
4 5 I
3 1 1 7 15 14
| |
| 6
L1 1
|—| 2 | e L
9

H—1——=

19 20 21
[ 4 IEEE33 5 S EC B M

Fig. 4 IEEE 33-bus distribution network

0.04 -
0.03

0.02

HUR RS A b

20
DGHEE A FERH0 MW

30
DGHEN T i 40 30

B 5 RFEHBEIRERIRME DG REMEMAESHTIL
Fig. 5 Change of the system voltage stability index under the

location and capacity of DG

HIIE 5w, £ €M) DG AR RIEHEN,
R AR E firbrbE DG ARG IR, HIR
G R AR e TR T . (AR — Ve S,
FERR Y11 RARA DG I HU R RGE PE B M FEAG . [ E
b, A IS S A RS ARk bk e 7505 50 R
RGBT GRS AT O, 45 R W 6 Fror.

0.5

0.4
0.3

(R MW

L S bR
o
e |

2 %0
20 SN 30 g e
4030 Doz DOEATRS 0t DGRAZR/

0.1 MW 0.1 MW
6 REMIRFNEBTIENRME DG REMNEMSEHTH

Fig. 6 Change of the network power losses and current index

DGEA T % 30

under the location and capacity of DG

HHE 6 mT AN, R G0 MR L IR d R b A e —
JEM DG #AFRIGHE N A NGRS S5 S
M, HRRGE . MBRTHL SR AR =AY B ARSIk
WA B FRARSS 0L, RISR A TOPSIS J7iki#tfir £ H
PR, #iE DG AL B RIA H

EARS Y, &E DG e smh 24y, af
BN S5 2—33, WA DG &
AFE 5 Fl: 0.3 MVAL 0.6 MVA. 0.9 MVA. 1.2 MVA
1.5 MVA, DR RES5E R 0.9, Fikn] UUfe
25600 Ff DG #: A 5%, B 25 600 MEM T H . &
PR FERR R W E M . 5 2.1 =4
T HERFEPR, S VR VP S 0 1 BAR ) £ R
iy P AEUR 7] B2 5 ZT = (0.0099,0.015 6,0.011 3)
M Z =(-0.0144,0.0017,0.0041) .

BTV S, THE LR E AR S P
AR, I A 205 VPO 6T G 1) BEAS At 0 30 1
C,,25 600 NPT X G 1 BAR U BE U B 7 BT

osf

o 08f
0.7
0.6
= 05
: 04f
= 03f

02
0.1t
0 . . . . _x10*
0 0.5 1.0 L5 2.0 25
LR ES
7 B R AR AR ARSI

Fig. 7 Ideal solution closeness of each evaluation object

i TOPSIS £ n] %, BRASARNG UL B HUE A 0~1,
BRI 1 VPO GO B AT DRI, R
ARG FEX VP A S T IR, B 7 4553
KW, DG et 2B B0l 1 s 7 FT R 28,
N} 22 B 25 B4 o 1.2 MVA AT 1.5 MVA, B
I FRARRGITBE Ry 0.94, 4 T X LL oy b v s 4 51,
K1Y T UM DG 222505 24T HARME.

F1 LM DG REFEXMLL

Table 1 Comparison of several DG installation programs

DG %

) DG o HAEM EERR MEYE Rk

TE . SR/ . e e .

EE VAT WRLEE  Edebs BR/MW RS

MVA

1 x — — 00084 02027 09109
7 12

2 09400 0.0326 00511 03493
28 15
5 0.9

3 08676 00273 00631 04102
28 15
8 12

4 07920 00245 00811 04719
25 0.9
2 12

5 06964 00206 0.1112 06131
15 0.9
4 0.6

6 05781 00122 01841 0.6863
20 15
3 12

7 0.6255 00127 01896 0.5790
22 15
5 15

8 ) s 06756 00309 00648  0.2962




ML, 55

v KA E PEVEAL R E HL DG B ke R IET

- 93 -

MR 1 g R, S5R2e3k DG B DA
kb, DG B2 AFCHL M ot R s s e k. 9
A FE B DGV E ] o R L AR ARG 3T i e K
7 %€ 2 FHA LR DG B2 N, nTLAURIL T %
2 (RHLRASE . PAURT FL AR IEAHT B AR o %
LLJr%e 2 U758, HARITE 8 (WAL L 4R br
U, B HL R RSE MR R SRR A 22, ] DL
HE2MTIHES, XHIERE TOPSIS £ HArh i
g, R AT DL Wt v I A 2

4 Lig

AR UF A AR E PEVPAS U BCHLIM DG i
BEE R T 5, WAL A R AR T 4R bR
BEAT Ot 3L 5 AT ) R 5RT R A A D = ATk
S bk, FIFH TOPSIS 2 H ARy s 77k 5L M
23 DG AL E M RIATIERE . AT A3
LA 4518

1) St T SOt A S WU ARUE VRS T ik BF
XL GEIRIRE WIS AL ) F SRS PEVEAT s
W) R GEISAT T FCVF L S B AP ) 5 T8 22
BRI SE SCHTI i S AS E A AR R o

2) AP iR G, 3 fter AR A LS FEL
FETRPRIARAL, LGN I T WIR AR T AR
SEFRFRUEAT AL, B0 UE T BT HRFRI & B .

3) 2 T HTTOPSIS £ H AR PR SK 1P FL ) DG
Wl E AT VL LAk R L AR P . AT Tl R
R B RS T H bR, FIH] TOPSIS J5iEREAT I
Feditik, <.

4) UL IEEE33 T i RGe 0 f, Xt DG dEhksE %
REEHATIOUE . KR S5 R A DG 22287 580
EEIM T, R B PT Sk ST S A PR AR R
SE 3k
[1] MOHANMMAD A A, JAMSHID A, MOSTAFA B B,

et al. Convex models for optimal utility-based distributed

generation allocation in radial distribution systems[J].

IEEE Systems Journal, 2018, 99: 1-12.

[2] ZHENG Weiye, WU Wenchuan, ZHANG Boming, et al.
A fully distributed reactive power optimization and
control method for active distribution networks[J]. IEEE
Transactions on Smart Grid, 2016, 7(2): 1021-1033.

(3] REA. ARSI M. dest: hEA )
H AL, 2012.

(4] @K, B, PR, 55 LT &N T REAENE
AL DG FRIRC A FL S G E TR SRS 0], L &
Geirgr 5420, 2017, 45(8): 100-106.

PENG Guangbin, ZHAN Hongxia, HUANG Peidong, et al.

(5]

(6

[7]

(8

[9°

[10]

(11]

Improved strategy of the static voltage stability of
distribution network based on adaptive particle swarm
optimization algorithm for DG[J]. Power System Protection
and Control, 2017, 45(8): 100-106.

LhgE, XU, 25 R PR E RIS 1 2 H bR 2
R A X HIERRI[T]. W RGO S, 2016,
44(19): 32-40.

MA Lin, LIU Jianpeng. Multi-objective planning of
multi-type distributed generation considering timing
characteristics and environmental benefits[J]. Power
System Protection and Control, 2016, 44(19): 32-40.
SRAZHME, B, EORK, SE LEa T RN A R ST
RV T R 2 1 23 A X BRI [T]. L) R G A Bk,
2011, 35(4): 23-28.

ZHANG Limei, TANG Wei, WANG Shaolin, et al.
Distributed generators planning considering benefits for
distribution power company and independent power
suppliers[J]. Automation of Electric Power Systems, 2011,
35(4): 23-28.

Zor, JHEL, AT, A BB FRER 2 H AR 1
AL b A RRID]. B REA BN, 2013, 37(3):
58-63.

LI Liang, TANG Wei, BAI Muke, et al. Multi-objective
locating and sizing of distributed generators based on
time-sequence characteristics[J]. Automation of Electric
Power Systems, 2013, 37(3): 58-63.

#hse, ST, BREK. BETIX A TOPSIS St {5 ik
H R BRI, B RG A3, 2013,
37(24): 37-42.

HAN Liang, WANG Shouxiang, ZHAO Ge. Optimal
planning of distributed generators based on combination
of interval TOPSIS method and genetic algorithm[J].
Automation of Electric Power Systems, 2013, 37(24):
37-42.

FB PR, BT A X r P A E A I SR A R
fh[J]. B THARZAR, 2015, 30(12): 429-433.

WANG Wei, HUANG Dawei. The
optimization of distribution networks with dispatched
distributed  generators[J]. of China
Electrotechnical Society, 2015, 30(12): 429-433.

K, R, PR AR R R 2 H bx
PALTTILLT]. HMER, 2011, 35(9): 115-121.

XIA Shu, ZHOU Ming, LI Gengyin. Multi-objective

optimization algorithm for distributed generation locating

coordination

Transactions

and sizing[J]. Power System Technology, 2011, 35(9):
115-121.

RAIC, AR, ER, A B REAC M S AR AL
DG #RI[I]. B RGRY H 15, 2014, 42(4): 40-46.



-94 - &0 &GP DA
GAO Yiwen, LIU Junyong, LEI Cheng, et al. DG YI Tao, WANG Chengmin, XIE Ning, et al. Power system
planning considering the variation of the distribution multiple saddle-node bifurcation point and its characteristic
network structure[J]. Power System Protection and analysis[J]. Transactions of China Electrotechnical Society,
Control, 2014, 42(4): 40-46. 2015, 30(20): 145-150.

[12] MA Zhaoxing, CHEN Hao, CHAI Yanli. Analysis of [17] sk, BOESF, K, 25 T 2 A o PR e AN IS H
voltage stability uncertainty using stochastic response A R R YEVEA VAT, ARG A, 2015,
surface method related to wind farm correlation[J]. 39(15): 42-48.

Protection and Control of Modern Power Systems, 2017, ZHANG Qian, LIAO Qingfeng, TANG Fei, et al. Steady
2(2): 211-219. DOI: 10.1186/s41601-017-0051-3. state voltage stability assessment method of distribution

[13] BRig#k, BRoRE, BREE. A 20K 6T I g A H network considering inter-connection of distributed
HEFSE PERI ST, R, 2006, 30(19): 27-30. generators[J]. Automation of Electric Power Systems,
CHEN Haiyan, DUAN Xianzhong, CHEN Jinfu. Impacts 2015, 39(15): 42-48.
of distributed generation on steady state voltage stability (18] ¥, oKW, WiRWE, & &T PMU &EI(EEMHIE
of distribution system[J]. Power System Technology, FOE AL TR bR )], 0 RGORYT 4], 2015,
2006, 30(19): 27-30. 43(11): 1-6.

[14] Z=fEN, Fhzkam, SHIREE, 45 434 2\ & B N HLI 1) DONG Lei, ZHANG Zhao, PU Tianjiao, et al. An online
A T AR S R SO R A W] ) R G voltage stability index on measuring information of
i, 2014, 42(12): 8-13. phasor measurement unit[J]. Power System Protection
LI Tiyin, HAN Yonggiang, HU Xiaoqin, et al. and Control, 2015, 43(11): 1-6.

Characteristics of static voltage stability for distributed [19] CHEBBO A M, IRVING M R, STERLING M J H.
generation integrated into power system and its impacts Voltage collapse proximity indicator: behavior and
analysis[J]. Power System Protection and Control, 2014, implications[J].  IEE  Proceedings-C:  Generation,
42(12): 8-13. Transmission and Distribution, 1992, 139(3): 241-252.
LR PRI S ERFELL]. 1) REEIRD 5 e, R, 2006,
2017, 45(6): 120-125. Wi B HA: 2018-02-24; &= HH#A: 2018-03-28
ZHANG Xi, ZHANG Ning, LONG Fei, et al. Research VEZ -
of the impacts on static voltage stability of distribution INIRAE (1994—) , B, @fs¥H, MEMATL, FRH
networks with distributed generation from different #h f B%iE AT 5 454); E-mail: 463966814@qq.com
aspects[J]. Power System Protection and Control, 2017, e (1955—), 5, #d%, WA 505, ARFéaHh
45(6): 120-125. ) AGEAT S, WK E. HiLw M. Email
[16] AW, EAKI, W7, & RGN Z EU) WL

S RS HT ], B DB AR 2R, 2015, 30(20):
145-150.

xmli@whu.edu.cn

(%% F B



	DOI: 10.7667/PSPC180186 
	计及电压稳定性评估的配电网DG选址定容的研究 
	Research on locating and sizing of DG in the distribution network considering  
	voltage stability assessment 
	[20] 徐玖平, 吴巍. 多属性决策的理论与方法[M]. 北京: 清华大学出版社, 2006. 



