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Multi-agent based current protection relaying for alternating microgrid

WENG Liguo, LIAN Degiang, TAN Zhuoqiang, TANG Xiao
(Xiaoshan Power Supply Company, State Grid Corporation of China, Hangzhou 311200, China)

Abstract: To solve the protection problem of microgrid access to the traditional distribution network, a multi-agent
scheme based current protection relaying for alternating microgrid is proposed. The proposed scheme not only achieves
the better performance of the current differential protection, but also provides three-stage current protection in the power
grid. Based on the power distribution system and current protection system structure, multi-agent structure for microgrid
protection is studied and the flexible multi-agent based current protection relaying for alternating microgrid is elaborated.
The demonstration shows that multi agent based current protection scheme can adapt to variety of alternating microgrid
environment, which serves a better practicability.

Key words: alternating microgrid; multi-agent; current protection; differential protection; three-segment current

protection

0 3l

it 25 oA 2O REVS A A Jie LA S sk — 2B (e
R, B2 BRI LU (B AR BIL ST LA,
TR LA ST IEAT, AN BL ST B R 55 2 i
BT BAS R TE,  SEEL K REURY “ R4
HVH” I DhRE, IXALA 0T REIR AENS 17 1% e vl M i v
KA TR REWRAAE, SRR S ZR . PR PR AE
o AT Z SEILRTE, RETRAMESTHII %
BRI RS A T TSI
o4 2 B R

HT 4% e R C Fi I 8 2 {1 s S HL P AR AT
HISE N, BT BEUS R AN IC HL Y T3 T AR G HE A 1)
AT RGeS, TR
P AR S A (L, ARG B R ) PR 5
R R B, ARG R R P R
BT )5 A Bl R s s T, R4

Pic FEL 19X BT P 280 (10 PR K/ N R IR AT LS 75 (R 4
SR B AR R AR 76 4l F .

DRL L 224 T ok P DR BIF 50K 22 36 LA R 4% e
FRRIFFEIS), 00 175 199 0% 1y B Do £ 185 8 e ol
FRIAEE A5 194 208 S P AR M SRS A8 4 R i LA 3
Py R ORI A R BRI, (HRT5E
HETIEA 2% (R S X DR 0 JEA 0 245 F) ] SE PR L
TARIEESR,  — FUEAR P4 H LRI A5 10] B B
WSS (R TR R 26 i A, S o U HL P R gy
VERAT R 2 FIUARE 5 1R AR BT A5
AR, MR REURACK . B, SRk
TS Ak AR P I L P R g ik, AT B
PHITEN -

PR B AR s AT AN By 18 T 4%
P77 A B DI N R 28T, Bl Ry RS
ZENFTAb FIAN RIS A TR AR (A T I 250 ) R s
W F N 2 A RS R, IR DT e 211



FIHIE, 5%

BT 2R BRI A T B SRR T - 147 -

{7 MO 2 A5 A W P A o

B REMAE 9 N A Re U — MR 2 A
TR, RAE T REME AR ABr Rh IF n] LRIPA AL
RIsEA,  BIAIREG AT ) S WA s vh B A A i
Mk, AT IR A ATl B REAR T
HATREAE S S RS R ST RNI 7, B+
PR, ARSI SRR O R4 R G

1 BEEERSHRERSR

etk B A8 M (Autonomy) = [ P
(Reactive). F &))PE: (Proactive) fl #1214 (Social ) 25 43¢
R BRERAN B B HL AR P ) R )RR A )
AT EbR, I HA BRI A REE A B, il
VHSEEL LA HARBSCR -

% R ek 22 1A BE Be % HLAH 23 T 0 R DL S B8
REEVEEFR: A2 AR ReR Tl 15 k2% 5
JR PR eV TAHIB RN, AR BEAR TR e AR 4l
H & FPEREFI 50 1 s AT FURFEA N ) Dhig, R
A N AR FAT AR ORI & REDRE S S5 A A AT
ARG IAT R Bk, 28 RefotILdE A N H
TEAR ) RGO P AT I et R G ),

4 2B R A IE G N H AR 73 A R e RGE
ALK HEA R AT 0 KE B, WK 1 o, B
X e SRR Re ALk, XL GEARRE AT LAt
SEA AN DIREAIRT e R X, nl BLl B2
(1) DX SR e AN AR X S M AR E AT i LA S Ak 3
BIFIEVEROR . BN SR RIS T, e
T LAt i G AR B MO s AT 8 RE A, SE
IR R VE A B

L
— T~

(e
Y~ _ — 4\

BN (H%%j (M%%) BN
. R . i
PN VTN PR N\ //z ’ ‘!/z o
gH .L;( ﬂu'z%/ <NIJ{Z£F/ <fi|j§{4\> (FMEI'D )
; j - L ~x
PR NS _ o
wz (et ) . (i ) (it ) . (it ) 2

b1 <
1 ZERERER

Fig. 1 Structure of multi agent
2 ETEREKRMMRF RS

2.1 MR RS LI B AR

EESEN T sk ST N S B (T PR v
SR TN UL AL 8 1) 5 [ R g m] g A e Dy SR K
(Consortium for Electric Reliability Technology Solutions,

CERTS)[f15¢ 3, M2 —ANnl LA ARG, nl LA
STHLAT SR I I A ) (g T a4

TR TP AT AT AEAE RBE . KBH BEFT I &8 4 IR
BEAAHF IR, A5 e N BL SE L
W5, FEAH) RGBS INZ PR 241k .
BN S (0 H ) R Gk BAT o A R, 2
B R H—RAIMR MR, BT, SR—FoEr
(RS 111 7 v 25 E BT R R e AL G O 4 1) 5 %
AR DA EE,

BRI E I RGN — M RO, K
BRI ST, T PR R GE 0T DL R 6 i v 44
FIEdT a8, EHMEELT. oIl T A0
SYIBAT Z (M SRR TC GG, AR R A il i 6 i
55 DUIN R S IS 1 2 30 58 5t = SR EUREL I (1) 47 45 e »
M2 R AN AT S o JE TR BEAR R4 &R
Gi ESEL LA H A

(1) B BEMR R G0 1845 1l 2 #R LA B R PE R 32
Sk, MR B 5 DhRE AT LU i B BT VulE N
() T 53, A0 S PRV RGP R A5 A o ) T8 B AR 11
XU, LN G L R AR B, AT ROKE
AR R A B LR AT 0, R Y2 R
TR AR R R, WIENME. 20k
R BEAAR, B 2R LT M R SR 50 Jy A
ST RS0, TR T 4 A0 J5 T R P ) R
Felk, ARG AR RS

(2) B REARANE fetd 2 8] B BEARFT N 2 T8) ] L
HARAE, S REAA E R, e T A
B R 43 A X R IR R T R 9 ) R s S i A D At ke
e

(3) B REARRENS S LA SRR, T DU BE PR
[ ekAE H B HR B GG 3l s3T5 Thig LU
BT, B REAA T IR 2 E R B — RN
FIFTSEH, EALGRCH MENTN 5, B AR
P RGBTSR B 5 AT I AIRZS, AT
TH T RGPS E M IhRE
2.2 EEeIKMIAK

SEO TR RE T I A IR AL B RE D RUR R
B IR RE g F ST BEAR TR, h SRR
B AR TF O SRR HORT @ 75 b A5 =
IR AL, Wik 2 Fios.

[ o] fesmmmine] Drxem] [unm: el 920
T | T | AESIRE
R X gk

B2 ETEaEEFREHEREK
Fig. 2 Agent of intelligent electronic device



-148 - ® LRGP B R

AR B AN R R T ORI, R
P BRI A ) DU AL GE R r M R 705, TR
SEATIN H SR BT R I, L,
AL GE 0 L A0 IR A RIS L, AR IR P I
B2 IR FTT ) SO, BEAE TR AL R X ) ¥
8, ARG R BEA @ & T, 75T
AT PR IR BRI, BEAV N & IR IEH
UL, HEEUT IR SHIRAETE RE_ LTI, RES AR TR
FE B DR SVL A LU L) i) i

SRS PR T O 458 AR R S B ) g 2k R
—o RPN TTREAMA BT, RS RAE
REATFOCRESESEE, JFRE B 2451
FOZ R TR IWT A R, FARBAT G 4
ENYE . RARBEHHNFF SR B HL R B vtAH R ) 5
A A A AL G e v 7 B RSB  V

TH A B P B T AR R DR A R G I e v Al
W, EAEEY S AV GRS T, TR
JERPETHENLNUZ, TR IS P2 R B
Tk HE A E AR () T SR Y 2% P S E A (R A Ak, 9l an
TCP/IP, HTTP, IIOP 1pi¥ %%,

Wb T8 R R R R B =, TSR
Agent Z [RIREMSALIHAH L HLMRIITH B . IIAERY) 72
FERZ IR R AT A BN 3 EEA AR S [ (1 iR A A
Bt E 5 5 (Knowledge Query and Manipulation
Language, KMQL) LA [l R ZH 2 J5t il 4 4 fig A4
J£4x(Foundation for Intelligent Physical Agents, FIPA)
[ BEAMI 515 5 (Agent Communication Language,
ACL).

HEERNAE, BRI R A Z )
REE AT AT — @ a5 My B Ac e, R R AR E
ACH B BEARRE S U iy S B A SV ERICR

3  ETHEEMRRRITTRIF

3.1 RIRRIFEREIKR

HI TR R ke R A, DRI IR REE
A& B RRE N BT R, BRI,
Tl 1o 42 N 1) T HEL 1Y 2 52 D A R L 19 9% KD 2
Ay, FEE LB AL . RN S, ST
JITAE R ORI (R R . AH R B 5 N A 194
LRk IRE ;s ITOE LR R I GO 00 b T T 58 R UK
T fedtish. ETREARNMM RS RERAT BiG
PE, TRATLAR W) g LASRAS SE AP ORGP ROCR  RERLAS Hh
R RS =P NI

T e A R AR S A S A PR
ek, PRI, AR REACR AR T r SR Al (O fR g
R, HULRYE BEAR R BARE R A 3 PR .

BREAE SR AR TR AT IR
AR R, RO REAML ORI LA
Ko AEIAE SIS DL, B REMR 5 AR
B IAR S, FRAFIAAR S RE AT (R AH 4T
2R B (ST HL R AR S, BETT T A M
e afE R, TR ZE S R AT S 1 4%
P, AT DR B 3R A5 A0 R 4 Ry A S AT LR 22
ORI, AR R I R B IR AL LR B Bl A

AE S E RN, B REARAE TR WAL g
PRI R R B, R AP BRI IR TEDBE,
AR REAR B 53 BRI Ja B S Ry B o
i =B HR R AR 2 2 NS S, 1 L
FEMRGH AR R ORI 2, B,
RERAE A AMAE BRSO, R =B
TR s

HFEREAR A ST RA N AR, RNk, E
Bk A VEEREE, B REARREEARIE M B
THOLRITE R R T 5, AERESRIT AR 2 s O
MESCIEF R ES R, EEERGEERN, b

};II"E

ME=ssssTT T TIIITT I i
Lot st AR e A ] !
[ P STTATTT CTmTo o I

| abr
1 |
|
|
I

i TTERGC T
i L ;
AR LR

C—g———

& 3 BRI E BEIR
Fig. 3 Structure of protection agent

3.2 BRENREP

PR 2 AU, AU
PRI BERUMEAS ) AL S8 H A PR il e P, Tl
2 B R TR 1) T REREIN 50, N B AR N A
LR BRI A, R OR P S BE AR) ESR A

HLLZE Bl OR3P LT 25 RS AR OR3P 0T S 4 i L O 2
RIRAN, NSRS [ S, R, SR
L, IFHBEE I XYL IXAMIRR,  7E R fRy
ARG 2 T Z M.

N T SENRAL e FL I ZE Sl DRAP FE DA DX P e Bt
ot I YU RO AR S i, ASCRAISCHR[14] 5
SR — PR RIS R 4 (L ZE S PR 7 T 125
FITVERAIWTIX AR L DX A ICRE R L XA e B
W, AT I DX iR R AU

PRI T DX AN OB RTIX A A BEL B (4 4
(E20PA F i v S il B D) A e A PR
Jiide B REAAER DN B R RS AL 1, > k- 1



FIFIE, 4§

(VIR 251 ¢ I, DD ok DX N v B e,
P Bkl AN e WA ARG Bh T R AR
M. Horp, 1o ZES R, LRSI, kA
CHIZh R, ¢ A DX A v L T 2 1
3.3 =B HIFIRP

H RS BRNONS ZREiE TR R
ORIV I )T AR LR B RIAT B R, AR SCHEBERH
BRILSTFTHE I —Fh 36 N 1) = B IR AR v,
I L T R s A =k
I >I' =|K,-E/Z +aZ, | (1)
X K AR R, MR 1, P
FEITEL 3/2; E ARG EBIR B Z AR
LHEAL B R G IR BT ook L) R4,
0<a<l; Z AT,

BIRER LI Y, A0 RIS WT i e (A
RIS, 43 i) A 28] P S BT 2 (R0 2 I PR 9 O 3
SEAH, RS H R W Ry g e A Xk

HET 2 B REAR IR AT WAL R0 HL VR R AP BF 5 - 149 -
Islil = Krel Islel (2)

A, L AV 3300 R — 2 R R ) R T R 4
S AR A Z % BRI HL U T R 2 1R
5E I BRI OR P 4 2 (N
I = KK 1, /K| 3)
s 1 ARSI H & WY I DR 3 FE I E A
Kre AARHEERIRIPIREG K W HRBIREG K W]
FERB L BB SR A

4  EBELIRE

FET 2 R I AZ LA R A R A T A
LRSEUTIITE L, R AE AT I P i R e R v T A
IR ZE SR, YA BER T W4 %
RAEJA R T T T A EL I, R AR B FH A
5 B = B i R 5, AR s g
Kl 4 s

rel

| R iR |

| R 2 2 R B

v

LR e
WL HEAT R BAS e

!

AT REARDIUE T

AE5 JLAR Y RE AW 5 4

KA =Bt Bk

| o mmvesi e |

| st By Rt

HEFIIT JOIR A
HAHRY (B . -
l ;ﬁ&%?g?% I I1 TG G4 B 5 2

HA A AT &1 253

fri B 4 Jey £ e

SRAFAH LT KT L
ENIIESEEEIE N

SRR R S

FifEbrE
Bk R A5

BT E

KB 100 ms)EA/y G
bR, WARB
o

4 LImEE

Fig. 4 Implementation process

Stepl: SKAEAMI L IS /AR AT IR
SEEAMGE, 2S5 LA A T .

Step2: HIWr 5 HAh R BEAA 2 (R HET IE 5 1045 5
MY ARG, EFEA TGRS T %

Step3: N SLMAE I, R Ae AR Py R
P L S IR B . R Re AR S AH O e

PRI T AR W 2534 T DA T WA AR E AR
MSRHTENIT R RS, B AR AL SN AR
R BB AR B, ARAAART s AU T
RN, BIZAR AT A5 H P R 15 R = 50
TRAP e, WERRBCES IR 31, WEh bR
RIPALP S Rty IE L (SR



- 150 -

® LRGP B R

Step4: WERANGE L HAA REMAGB A5 4, HhE
REEAB) BGTEDIRE, DIed) = BB Ry 4
2o BUR A B SE B = BN R

BRSO = BB Ry e, Kk
IR U . LSS H AT SR AR A AN
F O ROE (U RTINS AR AL L s P B T A
JioefE g E, JIW I 0L I BOd iR 2 1580
YEo WA MM Bl fihras, AR R BEah 1 b s
FHg IR A AE s WEARARAT AN B A Ebe s, IF HL
FEABUE IR 100 ms Ja T3 o sh AF bR, W sh 45k [6]

5 R

LASCHR 161 5125 1R 53k W 1 35 A SI2 461 90 A 22
REAAR IR N I B0, AR T BE A R PRI 175 ¢
AR A AT CREBA T, R R DA 2R
g8, eSS Al A A SUREWERF £, A
5 P Horb, BRI SSAEC S DL TIRRE
LB, B REHL T B R A SR K e A
R, R REAAZ 1) FH LUK 9 35388 475 194 46 S DU RS L

KRR
CB3 é CcB7 CB8
CBY
CBI10 CB11

5 MSLBinR

Fig. 5 Scene of microgrid example

TR AE AN A SR YR 2 TR 26 % CB3 Al
CB7 [ AR b, DA i 4 AR 18 7 24 e
RIERY L. SRS f5 , CB3 Al CB7 & etk sr
o) W ) R R AR AR AL, BE NPT RE, B RE
PR A T IR I B

Y CB3 1 CB7 Z [H] (13815 i ), CB3 A1 CB7
BREARER T RAEARM BTSN, X7 HANAS e i
L NI RS B I P o [V 22908, SR ZE 3R
Pzt

Y CB3 1 CB7 JLiki@f 51, CB3 fl CB7 #fig
Pk R B R R T T 5. 1 e s
R CB3 Wiln) CB7, HAR Ry e,
CB3 iy KT &R shES A, RN 1IET7 n) oot
FUR R T 801E, CB3 Ry shiEBkN; X} CB7
M, diit CB7 R ), AT LA 7 ) ok W
S I, AR R SEII AT SE R o A A A
CB7 #iln) CB3 i}, CB7 A CB3 1 i WI&rF H 4%,

K8 b = B 2 A AR Bk o
6 it

(1) BI04 A AT 2 I L P PR PR ), B2
ST 2R BRI A RGN IR T B 2B
P A R 1 i SE G P S A 1) R 22 Bl DR
B2 A REA T IR W 2% 25 R AE i R T e i HAH
BRI, BASREAARIRAER A A 5 1 RE R
S = B RO

(2) WIS T 30 09 DR 22 28 e A 1) 2 B s A
TR AEROR, BT 7] SRIG DI e R RE
AT HLR R T % . TS SIS UE R, T
B RE AR ) DR 57 7 5 8 38 AN 7] AT I Ak 1Y A
5, AR SE I
3k
(1] SRIRA, i, R, S5 MR 2 G B

(1. WO RGRY LR, 2015, 43(2): 77-83.

ZHANG Sumin, GU Bin, CAO Liangfeng, et al. A novel

phase comparison protection principle for transmission

N AR

lines[J]. Power System Protection and Control, 2015,
43(2): 77-83.

(2] ERFZC, B4, IAEE, & BREAR R gk IR RS

AEEE AT D). RO R GRS S A, 2015, 43(6):
58-66.
WANG Tongwen, XIE Ming, SUN Yueqin, et al. Analysis
of reliability for relay protection systems in smart
substation[J]. Power System Protection and Control,
2015, 43(6): 58-66.

(3] XIZi7s, i3, K, 5. &M T b5 &R )

B REAR HL i R MR R R )] ARG R 5
iill, 2015, 43(2): 96-102.
LIU Yiqing, GAO Houlei, LI Naiyong, et al. A
communication scheme between smart substations for
substation-area backup protection[J]. Power System
Protection and Control, 2015, 43(2): 96-102.

(4] sk, THOE, VSR, 55 BRI 8
NARGAR 5151, 2012, 40(11): 55-60.

ZHANG Yuhai, WANG Xinchao, XU Zhicheng, et al.
Analysis of microgrid protection[J]. Power System
Protection and Control, 2012, 40(11): 55-60.

(6] SKIEEL, FAGM, BB, S5 T K FL ORGP T R
WL B RGO H ], 2010, 38(18): 204-209.
ZHANG Zongbao, YUAN Rongxiang, ZHAO Shuhua,
et al. Research on microgrid protection[J]. Power System
Protection and Control, 2010, 38(18): 204-209.

(6] Xk, 2, Wit FHeAd s fEE s L



FIHIE, 5%

BT 2R BRI A T B SRR T

- 151 -

(7]

(8]

(9]

[10]

[11]

W7 W), B RGRY S5#, 2015, 43(10):
111-115.

LIU Jingmi, LI Yan, YANG Gui. Design of delay
measurement switch in intelligent substation process
level[J]. Power System Protection and Control, 2015,
43(10): 111-115.

TEIR, TR/NZE, SRS, — BT IR e A B A L 55
CARRREBAR MV RGO 5, 2015,
43(17): 139-144.

WANG Qiang, XU Xiaolan, ZHANG Jian. A new method
of smart substation communication service security
isolation technology[J]. Power System Protection and
Control, 2015, 43(17): 139-144.

M, X, MR, . B B RIS AIR
[7]. B H RGP S, 2009, 37(8): 114-119.

XIAO Hongfei, LIU Shirong, ZHENG Lingwei, et al. A
preliminary research on microgrid technology[J]. Power
System Protection and Control, 2009, 37(8): 114-119.
B, RAEZE, WIgeR, & RT oAUk S
OGR4I B ] B R G A B, 2010, 4(1):
73-71.

ZHAO Shanglin, WU Zaijun, HU Minqgiang, et al.
Thought about protection of distributed generation and
microgrid[J]. Automation of Electric Power Systems,
2010, 34(1): 73-77.

IREE, SR, ER, A T A OG 1) K BRI
[0]. ARGy S5, 2010, 38(19): 235-239.

SU Ling, ZHANG Jianhua, WANG Li, et al. Study on
some key problems and technique related to microgrid[J].
Power System Protection and Control, 2010, 38(19):
235-239.

TEIRM, X, BN, 25 JLT Crowbar HIXUBIHLALR
FL I A BRI R T 9 0 L0 A (0], R AR 4R
2015, 30(4): 44-51.

WANG Zhenshu, LIU Yan, LEI Ming, et al. Doubly-fed
induction generator wind farm aggregated model based
on Crowbar and integration simulation analysis[J].
Transactions of China Electrotechnical Society, 2015,
30(4): 44-51.

[12]

[13]

[14]

[15]

[16]

ZH, X, RIGEE, & SN T REM D)
AAIR]. BTERZAR, 2015, 30(18): 157-163.
QIN Chao, LIU Yanli, YU Yixin, et al. Dynamic security
region of power systems with double fed induction
generator[J]. Transactions of China Electrotechnical
Society, 2015, 30(18): 157-163.

RO, RN, ERER, A AUk ARGk LIRS L
AR W RGRY 5, 2009, 37(2): 99-105.
YUAN Chao, WU Gang, ZENG Xiangjun, et al. Effect of
distributed generation on relay protection of distributed
system[J]. Power System Protection and Control, 2009,
37(2): 99-105.

A, FEEZE, ki, &, — RO AR F S R
WO TIED]. RGOS 5, 2015, 42(4):
38-43.

DENG Chaoping, TANG Zhijun, ZHANG Xi, et al. A
novel adaptive overcurrent protection method for
microgrid[J]. Power System Protection and Control, 2015,
42(4): 38-43.

R, T BRI Bl R E TR R e ]
D], ] PR (A AR RR), 2016, 41(3): 446-470.
WANG Bin, LONG Jun. The application of dual-slope
current differential protection in microgrids[J]. Journal of
Guangxi University (Natural Science Edition), 2016,
41(3): 446-470.

M WL OSBRI ST[D]. R R R,
2010.

Wis B#A: 2016-08-04;

{&El HH3: 2016-10-18

EEEIT:

HAAE0982—), F, ME, SRIEIF, LTEHRTG

¥ A B s § sh4k; E-mail: wangyun8302@163. com

%iEik (1978—), 5, ME, HAIARIF, TRAELH

7] A B B Bh1L;

HFiR(1982—), B, ML, TEF, TEHETEH

e, § 3h1k.,

(R4 KRER)



	DOI: 10.7667/PSPC161213 
	基于多智能体的交流微网电流保护研究 
	Multi-agent based current protection relaying for alternating microgrid 
	2.1 微网保护系统实现目标 
	2.2 智能体构成 
	3.1 电流保护智能体 
	3.2 电流差动保护 
	3.3 三段式电流保护 
	[1]  张苏敏, 古斌, 曹良丰, 等. 输电线路相差保护新原理[J]. 电力系统保护与控制, 2015, 43(2): 77-83. 
	ZHANG Sumin, GU Bin, CAO Liangfeng, et al. A novel phase comparison protection principle for transmission lines[J]. Power System Protection and Control, 2015, 43(2): 77-83. 
	[2]  王同文, 谢名, 孙月琴, 等. 智能变电站继电保护系统可靠性分析[J]. 电力系统保护与控制, 2015, 43(6): 58-66. 
	WANG Tongwen, XIE Ming, SUN Yueqin, et al. Analysis of reliability for relay protection systems in smart substation[J]. Power System Protection and Control, 2015, 43(6): 58-66. 
	[3]  刘益青, 高厚磊, 李乃永, 等. 适用于站域后备保护的智能变电站站间信息传输方案[J]. 电力系统保护与控制, 2015, 43(2): 96-102.  
	LIU Yiqing, GAO Houlei, LI Naiyong, et al. A communication scheme between smart substations for substation-area backup protection[J]. Power System Protection and Control, 2015, 43(2): 96-102.  
	[4]  张玉海, 王新超, 许志成, 等. 微电网保护分析[J].电力系统保护与控制, 2012, 40(11): 55-60.  
	ZHANG Yuhai, WANG Xinchao, XU Zhicheng, et al. Analysis of microgrid protection[J]. Power System Protection and Control, 2012, 40(11): 55-60. 
	[5]  张宗包, 袁荣湘, 赵树华, 等. 微电网继电保护方法探讨[J]. 电力系统保护与控制, 2010, 38(18): 204-209. 
	ZHANG Zongbao, YUAN Rongxiang, ZHAO Shuhua, et al. Research on microgrid protection[J]. Power System Protection and Control, 2010, 38(18): 204-209. 
	[6]  刘井密, 李彦, 杨贵. 智能变电站过程层交换机延时测量方案设计[J]. 电力系统保护与控制, 2015, 43(10): 111-115. 
	LIU Jingmi, LI Yan, YANG Gui. Design of delay measurement switch in intelligent substation process level[J]. Power System Protection and Control, 2015, 43(10): 111-115. 
	[7]  汪强, 徐小兰, 张剑. 一种新的智能变电站通信业务安全隔离技术的研究[J]. 电力系统保护与控制, 2015, 43(17): 139-144. 
	WANG Qiang, XU Xiaolan, ZHANG Jian. A new method of smart substation communication service security isolation technology[J]. Power System Protection and Control, 2015, 43(17): 139-144. 
	[8]  肖宏飞, 刘士荣, 郑凌蔚, 等. 微型电网技术研究初探 [J]. 电力系统保护与控制, 2009, 37(8): 114-119.  
	XIAO Hongfei, LIU Shirong, ZHENG Lingwei, et al. A preliminary research on microgrid technology[J]. Power System Protection and Control, 2009, 37(8): 114-119. 
	[9]  赵上林, 吴在军, 胡敏强, 等. 关于分布式发电保护与微网保护的思考[J]. 电力系统自动化, 2010, 4(1): 73-77. 
	ZHAO Shanglin, WU Zaijun, HU Minqiang, et al. Thought about protection of distributed generation and microgrid[J]. Automation of Electric Power Systems, 2010, 34(1): 73-77. 
	[10] 苏玲, 张建华, 王利, 等. 微电网相关问题及技术研究[J]. 电力系统保护与控制, 2010, 38(19): 235-239. 
	SU Ling, ZHANG Jianhua, WANG Li, et al. Study on some key problems and technique related to microgrid[J]. Power System Protection and Control, 2010, 38(19): 235-239. 
	[11] 王振树, 刘岩, 雷鸣, 等. 基于Crowbar 的双馈机组风电场等值模型及并网仿真分析[J]. 电工技术学报，2015, 30(4): 44-51. 
	WANG Zhenshu, LIU Yan, LEI Ming, et al. Doubly-fed induction generator wind farm aggregated model based on Crowbar and integration simulation analysis[J]. Transactions of China Electrotechnical Society, 2015, 30(4): 44-51. 
	 [12] 秦超, 刘艳丽, 余贻鑫, 等. 含双馈风机电力系统的动态安全域[J]. 电工技术学报, 2015, 30(18): 157-163. 
	QIN Chao, LIU Yanli, YU Yixin, et al. Dynamic security region of power systems with double fed induction generator[J]. Transactions of China Electrotechnical Society, 2015, 30(18): 157-163. 
	[13] 袁超, 吴刚, 曾祥君, 等. 分布式发电系统继电保护技术[J]. 电力系统保护与控制, 2009, 37(2): 99-105. 
	YUAN Chao, WU Gang, ZENG Xiangjun, et al. Effect of distributed generation on relay protection of distributed system[J]. Power System Protection and Control, 2009, 37(2): 99-105. 
	[14] 邓超平, 唐志军, 张曦, 等．一种新型的微网自适应过流保护方法[J]．电力系统保护与控制, 2015, 42(4): 38-43. 
	DENG Chaoping, TANG Zhijun, ZHANG Xi, et al. A novel adaptive overcurrent protection method for microgrid[J]. Power System Protection and Control, 2015, 42(4): 38-43. 
	[15] 王斌, 龙军. 双斜率电流差动保护在微电网中的应用[J]. 广西大学学报(自然科学版), 2016, 41(3): 446-470． 
	WANG Bin, LONG Jun. The application of dual-slope current differential protection in microgrids[J]. Journal of Guangxi University (Natural Science Edition), 2016, 41(3): 446-470． 
	[16] 杨占刚. 微网实验系统研究[D]. 天津: 天津大学, 2010. 



