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%6

AR, %5 1T BRI 32 17 0478 50 s i (127)

5 BRG Bf 20 e ELAA R AR 22
42 &2

TEZ A 25 A IS B DG A 3 1 i s B
P B A A A B R+ X, =0+j0Q, HoAlh
SHCEE R 1, R 9 AN e LT
K AR 58T T 43 1] i AN S B 58 53 1 7™ o 2K Al HL
DG2 H1 DG3 fii th T i i, R B I 4 |
A2 el R PS5 DG2 A DG3 B il TR 5%
WEAE AT ST 2R I AR ) D) 43 i A5 2
W 8 3% 5 P19 (o) i A ok L A 4 i) 5 s 9 1
TR LRAE Q. 5 Bl Hha VAL 17 P A5 b 365 S TE AL, B
30 o 9 Y ol e VR oy e R T L S Y T T ) R %
AN E 9 (b)) 2 ad s it R i s H R R
WARPRFFTE R R KT,

_ 4000 DG >380.5 e DG2
-
Z 1500 ZBW <3795 &
j=Y b ~ 5
~1000 DG2 3785 el
0 05 1.0 0 05 10
t/s t/s
(a) TLHHIR (b) it R
_ 57 DG2 _ 2000
= 2 1000  DG3y ~DGI
N DG3 N 0
=15 DCL, = 1000 DG2
0 05 1.0 0 05 10
t/s t/s

(¢) WM (d) It
Eo EHl 2 hREHBEER
Fig.9 Simulative results of power control,case 2
43 EH3
TE A1) 3 2ok 25 D Tl R R B R S BEL e
PR TR B 260 TR 6 0 JIT 4% s 42 ol 5 ik 19 7 R b |
S0 2 B E R +jX,=0+j0 Q , HALSHO & W3-
1, 10 AT 1 76 A% o 1 0 T 38 aeb ek T o 4 )
it f3f F VRO 3R R B8 JC ) 43 E 8OR WY I ks | A e o)
Ty 6 0] KR 4l 9 F VR 2 e A — o L) HLA R BR T
TR, [F] B 4 o o A AR SRV LA

_ 4000 [ DG1 380.5 1 DG2
< -
g 1500 W N 3795 D]fél
~1000 e 378.5
0 0.5 1.0 0 0.5 1.0
t/s t/s
(a) LHITIR (b) i s
. 1or DG3 _ 2000 r e3 e
<
§ 10t DG2 \> 1008 r
~DG S DG2
~ _30 DGL, ~1000
0 0.5 1.0 0 0.5 1.0
t/s t/s

(c) HLJR B it (d) BIWIGMH
10 E6l 3 W REFFEER
Fig.10 Simulative results of power control,case 3
hy s e A 28 Bk T i R 0 2 2 Ry i
PERE, SIA T IR iR 22, R A

Q=5 x100%. 0= 250,

21 QO (17)

QL _0Q>
01 O

i (17)IHE A 1.2 13 2% 48 1 Ak
IR ZEIELOFWIRIE S WS = s XS N BN
12 Ui, B 11 s BB 2R oy A e 40 T il 5
LA 22 | A7 O Sy ek R SR S B T A B iR 22
DU 224 R FH el T 3 42 i) i JIC 3 1) 2R 43 G ) 5 25 A
XL G T By H A TR KRG X WUl T ke
TR A R, B 12 R IR G 2 BE
YLt 7,/7, AT 2 Fhogs i J7 i R 48 00 Yy Yy 53 Bid
BR2E eqp FOBCIZR, Hy (&1 3 WY e ik T e 428 ) 7 1k AH
AR 8 3 7 1 BB AT A5 v MR PR 2 i BEL 4 A DT JE BT 5

x100 %

€on=

B IR 22
150 ;
s !
Y0 i
S |
(Z)E-_D_L i
~150 j
1 2 3
N

= DG1,= DG2,= DG3
B 11 BEEEHHERSERIRE

Fig.11 Errors of microsource reactive power assignment

200 g
R
~ 100
0 L s \ ,
0.5 1.0 1.5 2.0
7./ 7
(a) TR 1.2 75 5 A [
300

6’(;12/%
—_
193
o

0.5 1.0 1.5 2.0
72,/ 7,
(b) THHLIE 1 A R 2
FH 2
—o— {4 F AR —e— SOk T A
12 REAELEERLE TN RSBIRE
Fig.12 Errors of reactive power assignment for
different line impedance ratios

5 #it

S SCBE R ol 9 9K 8 s A A6 5T B 2 R B T
R, 8 — iR 2 A S — AR R G S - L gy T A
) 77 1% TA] B SR JH 2 T A A 72 4 1Y) B 3R A A 3%
7 A TR RIS b B T 2 R



(28] )

w % & E34 %

Xt Fah A RE RN I i E S ROR Tk
i i P R G R S AT 5 B R S ARG 4
il 7 AR 2 BT AN DU S Bl PR AN TR O R
HEFT XS LU | 45 R 3 W% 07 R A — BB M o 25 1
AT S B TC T T AR RS B 0 G FR R R AR S B
MR IR

SEH .

(1] AxMaEE, 28OS, R REHR RAPEL) ], E Bl TR 2£402,2009,29
(34):1-8.
YU Yixin, LUAN Wenpeng. Smart grid and its implementations
[J]. Proceedings of the CSEE,2009,29(34):1-8.

[2] MOSLEHI K,KUMAR R. A reliability perspective of the smart
erid[J]. IEEE Transactions on Smart Grid,2010,1(1):57-64.
(3] JHVEME BT, 2277 4. H Tl R 00 m] 715 2E B IR LM 08 17 45 1l

HOR[J]. W1 A S b4 ,2012,32(3) :99-103.
TANG Xisheng, DENG Wei, LI Ningning,et al. Energy storage-
based renewable energy micro-grid operation control technology
[J]. Electric Power Automation Equipment,2012,32(3):99-103.
(4] 25, E Rl 8k 25 43 2K L RO 2= e 4 A I sy 7
BT —— ()OI S 05 HE ()], s A b4,
2013,33(4):35-43.
LI Peng, WANG Chengshan, HUANG Bibin,et al. Methodology of
transient simulation in time domain for DG and microgrid (3):
case study and validation[J]. Electric Power Automation Equip-
ment,2013,33(4):35-43.
[5] T 9, ke, ol 35, MM B P i S R[], ME AR
2009,33(11):6-11.
DING Ming,ZHANG Yingyuan,MAO Meiqin. Key technologies
for microgrids being researched[J]. Power System Technology,
2009, 33(11):6-11.
[6] ERl, HlE, EFAH, MG EER ST BORSEA
31k ,2008,32(7) :98-103.
WANG Chengshan,XIAO Zhaoxia, WANG Shouxiang. Synthetic
control and analysis of microgrid[J]. Automation of Electric Power
Systems,2008,32(7) :98-103.
(7] FB5E 7%, LML A2 2CHE 55 o el 00 S 9 D7) 4o 4 i 7 12 B O Wik
[J]. BAORGHE,2011,35(18):17-24.
ZHENG Jinghong, WANG Yanting,LI Xingwang,et al. Control
methods and strategies of microgrid smooth switchover[J]. Auto-
mation of Electric Power Systems,2011,35(18):17-24.
O PV, 5671 A8, A Uk L AR SR O B R F S 45
R[J]. HMEAR 2009,33(9):14-18.
HUANG Wei,SUN Changhui,WU Ziping,et al. A review on
microgrid technology containing distributed generation system[] ].
Power System Technology,2009,33(9):14-18.
KATIRAEI F,IRAVANI M R. Power management strategies for
a micro-grid with multiple distributed generation units[J]. IEEE
Transactions on Power Systems,2006,21(4):1821-1831.
[10] GUERRERO J,de VICUNA L,MIRET J,et al. Output impe-

dance performance for parallel operation of UPS inverters using

—
o]
[}

[9

[

wireless and average current-sharing controllers[C]/TEEE 35th
Annual Power Electronics Specialists Conference. Aachen, Ger-
many : [EEE, 2004 :2482-2488.

[11] ZtHA BT XVEAE 45, NI I8 17 5 AF F 3 T S 4058010

FEVEDIZE[]]. 1 A3 ki 4 ,2013,33(5):19-25.

JIANG  Shigong, WANG Wei,LIU Guihua,et al. Admittance
specification stability of islanded microgrid[J]. Electric Power
Automation Equipment,2013,33(5):19-25.

[12] K38, T T 0%, 45, BT 2 i o 4 1 v JC 1L 066 28 3 78 25 0F
WA AR AT [J]. RBP4 ,2009,29(3) :42-48.
ZHANG Yao,MA Hao,LEI Biao,et al. Analysis of dynamic
performance for parallel operation wire interconnections[J]. Pro-
ceedings of the CSEE,2009,29(3):42-48.

[13] #RBT R, BO A0 MBS A5, B 2 fop 1 2 1 A% O B I 28 5F ik

UPS A B SR M2 BT (7], 1 L HL TR 22 41,2004 ,24(2)
33-38.
LIN Xinchun,DUAN Shanxu,KANG Yong,et al. Modeling and
stability analysis for parallel operation of UPS with no control
interconnection basing on droop characteristic[J]. Proceedings
of the CSEE,2004,24(2):33-38.

[14] ENGLER A,SOULTANIS N. Droop control in LV-grids[C]//
2005 International Conference on Future Power Systems. Ams-
terdam , Netherlands . IEEE , 2005 : 1-6.

[15] de BRABANDERE K,BOLSENS B,van den KEYBUS J,et al.
A voltage and frequency droop control method for parallel in-
verters[J ]. IEEE Transactions on Power Electronics,2007,22
(4):1107-1115.

[16] LEE C T,HSU C W,CHENG P T. A low-voltage ride-through

technique for grid-connected converters of distributed energy

resources|J]. IEEE Transactions on Industry Applications,2011,
47(4):1821-1832.

MARWALI M N,DAI M,KEYHANI A. Stability analysis of

load sharing control for distributed generation systems[J]. IEEE

Transactions on Energy Conversion,2007,22(3):737-745.

(18] ZEAa AR, S . (IR I A 5 A7 iy 20 IS 4 e 475 o SR (.
fE E AL A=, 2011,31(13) 1 18-25.

LI Fudong,WU Min. An improved control strategy of load dis-

[17

[

tribution in an autonomous microgrid [J]. Proceedings of the
CSEE,2011,31(13):18-25.

R TP AR AR AR JE TR AR R /INME S R L R
FEBRFE W ARG TS BT[], P E AL T R A 4, 2011, 31
(33):75-84.

GAO Fanqgiang, WANG Ping,LI Yaohua,et al. Analysis and de-

sign of for paralleled inverter system based on the small signal

[19

[}

model using time-varying phasor[J]. Proceedings of the CSEE,
2011,31(33):75-84.

EEE .

F 0K (1988 -), % , H R RAKA  #+
BRI ARG 7 @ A AR OF R R R 5 it M
#H A (E-mail ; wxb_great@163.com) ;

M (1965-),F B E A HIT,
IEEE Senior Member, 1+ #F R 7 @4 & A
R MG I H) AR IF MR w 5 R AT
FA,

E P (1988-), 8, A B RIEA R
B A BT H @ AR PR RS WA K

FlEZ (1989-), B i aHMA MR AE FRFT @A
HARR AL L WA AR

(T#% 134 W continued on page 134)

B



@ R R 345

former condition assessment based on AHP grey fixed weight EE AT .

clustering[J ]. Electric Power Automation Equipment,2013,33 Tk (1989-), 8, ABMEA  H+

(6):104-107,133. o s . R . .
N o - R E R T @AW REERT S IR

[19] JA &R WV, ERr 8, 4. IF RO AR K i ol e 26 5 500k 24537 L

RG], W A4 ,2012,32(10) :6-11. (E-mail:vigor_wu@uwhu.edu.cn);

ZHOU Niancheng,CHI Yuan,WANG Qianggang,et al. On line W F(1977-), 8 A K RA &%

monitoring and state evaluation system for grid connected PV Fid s 1+ i TR AN RGEET S 2R

generation station[J]. Electric Power Automation Equipment, (E-mail:JYang@whu.edu.cn) .

2012,32(10):6-11.

Power grid risk assessment system considering characteristics

of transmission line failure
WU Weinan', YANG Jun',HU Wenping?,ZENG Zhili',YU Tengkai’>,LIU Pei'
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. State Grid Hebei Electric Power Research Institute,Shijiazhuang 050021, China)

Abstract: The random and fuzzy transmission line failure impacts severely on the operational safety of
power grid,for which,a comprehensive risk assessment system with the consideration of its characteristics is
proposed. A transmission line failure probability prediction model is built based on the cloud model,which
generates the normally distributed clouds according to the data of transmission line state assessment to
predict its failure probability. Based on utility theory,a comprehensive risk assessment index system is built
for power grid,which includes the general load loss,potential cascading failure,voltage limit violation and
system stability ,which is used to scan the operational weakness of power grid. With a real power grid as a
study case,the effectiveness and practicality of the proposed assessment system are verified.

Key words: electric power systems; electric power transmission; forecasting; cloud prediction model;
utility theory; risk assessment; analytic hierarchy process; entropy method; failure analysis
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Power control method for autonomous microgrid
WANG Xubin, LI Peng,DOU Pengchong,ZHOU Zeyuan
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,

North China Electric Power University,Baoding 071003, China)
Abstract: Traditional droop control can hardly realize the accurate power assignment in microgrid because
of some influencing factors,such as the characteristics of line impedance,for which,a strategy of active
power-frequency (P'-f) and reactive power-voltage differential (Q'-dU/d¢) power control is proposed. The voltage
compensation control method based on voltage amplitude variation rate (d U/dt) is applied to realize the
accurate reactive power assignment while the system voltage is maintained stable in a certain level and the
dynamic performance is insured. The small signal model analysis shows that,the instantaneous system
response is greatly affected by the coefficients of control equation and the rational parameter design
improves the dynamic performance of system. Different system states of autonomous microgrid are simulated
and analyzed,which verifies the effectiveness of the proposed control strategy.

Key words: microgrid; Q'-dU/d¢ control; voltage control; compensation; power control; droop control
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