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Abstract: Power-electronic-converter (PEC) based distributed generations (DGs) are widespread in microgrids, and
they differs significantly from the conventional synchronous generators in control schemes and dynamic characteristics.
The diversity of DG control methods and the increasing penetration of PEC DGs are leading to various challenges in
coordinated control and stable operation of low-inertia microgrids. The coexistence of heterogeneous microsources and
loads within the microgrid may result in interactions among the DGs and loads. The coupling among the devices with
different characteristics reshape the dynamic responses of the microgrids and induce stability issues. In this paper, firstly,
typical operating characteristics and stability issues of the microgrids with increasing penetrations of renewable energy
resources are summarized. The modularized dynamic modeling method of microgrid with multiple energy resources and
multiple conversions interface is described in detail. On this basis, the eigenvalue analysis method and basic steps for
dynamic stability analysis of microgrid are given. Furthermore, the proposed dynamic modeling and dynamic stability
analysis method are adopted to model and analyze the Dongao Island smart microgrid. The discussion of the dynamic
stability analysis method of the multiple energy resources and multiple conversions microgrid system can provide the
theoretical foundation for the modeling and analysis of the microgrid extension and application.

Key words: microgrids; multiple energy resources and multiple conversions; distributed generation; power electronic
converters; dynamic modeling; dynamic stability analysis

Wcka F1 39 2016—10—09; s A H1: 2017—-05-22.

T38{5 /% . E-mail: zhuoliscut@gmail.com; Tel.: +86 15918509923.

AT M L.

H R AR LA R RITTH (“8637 1141)(2014AA052001), | AR A BHEHHRIBTH (2012B040303005), R 7 HUMAH#RT U BT RH I H (SEPRI-
K143003), | i RE 70 XRHS I3 H (2013P00S), [ 5¢ B 27k A 18 A S VR B &5 BE R 1 L9 2001 H (201406150017) B .

Supported by National High Technology Research and Development Program of China (“863” Program) (2014AA052001), Science and Technology
Planning Project of Guangdong Province (2012B040303005), Science and Technology Project of China Southern Power Grid Electric Power Research
Institute (SEPRI-K143003), Science and Technology Planning Project of Nansha District, Guangzhou (2013P005) and Joint PhD. Scholarship of China
Scholarship Council (201406150017).



ERE ]

RS YR AR N R ST S B Aa E W 77 ik 1063

1 5|3 (Introduction)

& 28 L X FE AR i FEBE U R I S5 14 B AT I
AN RN T CL S A PN 5 2 ) i, A4 AAT]
HR AL B RA RIS K. rT AR RIS A K
K RGBT R AW =, Bk & T = e
A 7 AN L e ASE A 7 K R AR A Ao S Y e
FEL X = B LD ) A 280 2, SRR R T S NK
] AR AR IR, kD KBHBE I RE S 5RI Bl /]
B REVR 2 A K 38 sy, 78 HRER R 2 T B
B AR A YR S B IR ZR IS AT I Y ) 2, [R] N e
RE M ESSVE, ) RFHE A EE, 24, JHEME
Bl-21,

Tt HEL ) 2 B 49 A7 3XCFEL U (distributed generations,
DGs). 4347 A BE (distributed storages, DSs)~ At &5
e E L AT, A PR ] R 2% B A e T
FERFHR N RS, & — e st B3
] AR FIE R4, Mg T I
WEAT B B X (IS e TR, IEHIRGL T, 1
W 38 1 2~ H: #5454 (point of common coupling, PCC)
5 3= WAHE, i 5 S EC X R ST L REAC e,
L[] 55 A r o e 0 A7 A A L 22 0 38 3 D) il P e
R B AN BRI A2 SR I, BN FH T izt b [X AN B 4k
LN, o FE D 75 I S a8 AT, H i F DX P ) 2 A = R
SRR I P DB A7 ey 4R SR A R, ORAIE A7 AT (KA ] BT R
JIHERL, HEFef i X 5 & L5 fe &P, A3 &
b F ) 2 A AT SE ML r D R R I 28 (micro-
grid central controller, MGCC) 5 ZAR Hi& SLPriz 7 261
(7SI R P A 302 TR~ 4591

FE 45 1)) R G R E T AT 4Rtk RESLAE R
HALES R b, Dhffee . R e S5 E e &
FOXT RN B AR E LA BA S AR e P )
) 5 [R5 R AL SIS R PE B DI AR 00 T Y

PCC

PN 7341 QR A FE ) | AR S e R T V2
TAAE, BT H DR B4 51 G ) R G A
T ANE S pry MNP R Do S N o DR A (]
RN F T R & R S T I R T
WA A 22 AR B 1B AT 1 R UR Bk ik, 2 B t4F
B IR TEE AL i ) RG] S ERE a7
VRAEGCRR I HR AR T AN ELEE Y, X oA R RE L
P PO A A R SR R R AR,

UTAER, B Xof Gl v DX A i 12 e RAS 2 12 O
F. AR, H TR 2RI SR 2R | S8 AT T
3 BN . MESEEERA 2R, B MERE
BATRAE R SR S8R . D9 ST Gl L R FR R AR A e,
A THIAR N8 7~ S L X PRI RS E S AT HILAR, 72 2R 2 A8
T FEL P PR FER A 5 A W 2 T T T s 5 1 — B R
T 5T AR SCBE X A i IR R AR A e 1 75 oK, VA9 L 45
AT AR REVRVEE R AN KT IR TN TR W R AR Y B
BRE M, 45 T 25 2 AR R M Bh A8 E 70
(R — AR 5 7572 DABRIRE AR IR R 2 U5 2 R 0 e
TR A0S 4, B TR I Eh S EETEN BT E
HTOTE, A RS RS R RO 2R
WAL N R GE s A AR E T VA IR IR AT D9
B2 A 0L S (3t AR 73 B BV BE .

2 ZPEARHUBMMBBFAESFHER
7€ 1) @ (Typical characteristics and dynam-
ic stability issues of microgrids with multiple
energy resources and multiple conversions)

2.1 TR PEEE DR B 7 ¥ (Interface types

and control methods for microsources)

Bz 7 — NN RAAER], REiER
TSR A P A R YRR B A T SR B TR TR R
B AT X FR S S50 $5 1 SR B o A 5] 1 B
Yt @SR SEBR AR AR AL

? i
B
%

1

BUS-1

k4

{ s
S B iR i
[ % AL

R RS

HRFRG
MR R G KK R

1 SR R SR

Fig. 1 Typical architecture diagram of microgrid system
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34 3

oA SR AR 1) 22 S AR A 2 b A A IR
HA AN A R4 1T B I F 2 238 0 42 ) 7 .
e GEREIBGiEVE AL ST G EeANEE-IN
TR B G ACTE RS FRILAT FE ) e AR e g
ACTIEHe LR 11— IO 4 BAT OB IR 1) 5 £
{1 7315 2 FE BT, Xk N2 ) T 1, S
FELAIL /7K R A i X R AL S 70 T e g TR
AR L BTN I 3 PEE A X R BR AR A 2 HE
FIT, WO ARG AR LA BRI
RS Be R R AR R 50 B bdH
FIFM 3 A RIS, KR A 20 LB L
T T AR M. R A U B R Ge e — A
KRR FL 7T LT AR AR A ) R G AT AR
MG smARLE R G, Hob AR 2 A 5o E
EAN B RUBE AR A B im0,

AR ok P A R 2 ) 2R RSB AT 12 ) 1 75 3K
HL 7 L7 AR e (0 Dl 3 4 1) g Yk R U 28 0
Jy: HLPERFE R . R L R e R TR R S R AT
PRSI L S, 2 st =12,

Tl ri o B2
P* o COX v*
R 1 e 7
Q* CC Z V* CV >

(b)
' Yo" .
P—D [-O—— . | "A 'z
\ v
;
v 1

(©)

P P |
A
Q" =

(d)
2 TR e R LI D P T AR R A
BT 2R 45
Fig. 2 Four basic types of control structures of power
converters in microgrids

HEL R R 7R R g AR e T AR T R
PSR 52 AT IR ESh D)2, A RE RS 4 2
ol X P PR ER AR R IALIR S HOF I s PR S. HLRA
TR FEL g P A i s T A A D el R T LR,
SR L R L S AR 258, 12 A e ds e g FH O
o £y A U 1 BELH70 R SR ARL Pl S 9545 5% e Ah, H
P4 S5 TR AR R T 2 o g FL IS YR R AT L AR, T
G030 FH EE AR P H 90 £ BB S FELTAT B AR AT 42 FL IR

TR BTSSR R s 12274 25 R 8 1o 1
By 4 T 24 )45 B EL 3 3 2 5 ol R P R T AT
.

2.2 ZIEZAHSL IR S 355 )l
(Typical characteristics and dynamic stability
issues of microgrids with multiple energy re-
sources and multiple conversions)

A AR R 2 L Rl e X L g AR R
WESE RIS TR S H ) R G
AAAEROR X, H Gl R 2 51 P ) b i Dl
R FRARZ b5 57 (0 0 A 50U FL BTG, R0
FoU s TR R 2 2 AR 5 304 A,
(PG W VRRR i N7 MV S NS SN
T O R IR UL B AR M. (R, 2
AU IR IA) R BE 51 A IRIERE & 28 1L 2 A
(1) A R B0 A7 18] 52 L Al R A7 [ 7 A A
A H., AN R R 26 TR EL AR A 2R 2 (X))
SSRGS SR, R AR E T ]
.

Tl X B 2 A R T T B I 32 /Bl JE R
FREIBITIREIIRE ). OB 2123255 /MAT
P, I R A R ATLAL | DI AR B 51 A HA AT P AR
RE R FEL A2 AN R AR AR A2 WA S S50y ) ) =R 0
2y, G A2/ NS N AR AL DL Z 5 2218
AR, TXEESER I /N B T A s A+ U,
I ZI 52 W O X R IS AT RS B 582 /N 2 A el
0, I F I L AR A e L BN R ) 3 A1 2
R, HIs AT AIEHIBON RS, =52 21 5MRILaIT,
A TSR B BRI, A o R ARG R AR
PRk, — B REFRIRCR M R S, B e A0/
TR, B, RMEAERS O, RGBTk
IEHABAT. PRAERCAE /NS T80 N 3858 E 1
BRRIE, AR DRI AT FEISAT AR

— i, TR W B A AR E TR TR AR IE AT IR
B RGN BT R KRR L DL R B E
FRIRFIE S T i I Bl A e VEAR DR IR 3R 2 22
AL TRUR SRR ) )52 FLAR A US4 B 5 A e
(] (¥ 22 HAR IS GE AT s Aol i g B 07
AC/DC W 2% 28 FAE FUSIFN 2 A i ) LIRSS L. 3l
HL R o 22 P SR AN R 3 A P R ol F R A, RIS
oA 2 LR 8] AR B B, R AR R, AN
HLE S B RIS 2 il & 2 HoAth A X Y. St
ARG ARIRRT G 4iF S8 B R SR A ™ AL
TR B AR E R, W RE 51 R R SRR -
1T AR g T R IR B A M AR AT

IR 5 )
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3 ZWEZRHBUBI RS SN A B (Dynam-
ic modeling for microgrids with multiple en-
ergy resources and multiple conversions)
BREES T REZHN BRI RGE T CAEH

— B P s, G F T 2 R SRS R RS

K R DX (P ER AR 2 IR G i AR ). e B s e

PRI H T B T TR H0 S AR R N RGBS

170, NERIZEERE. M RSN E . 171

i) SR ) SRR LB AR AR AN 25
AN Hb, G B s 1) 2205 22 AR 4 A L A

ARG H TR MBS TaE . ST

BB RAG BB SN EER T RSt

fit 2 4t (battery energy storage system, BESS). Yk

K HL, 2 4t (photovoltaic, PV). A /] & H % 4t (wind

turbines, WT). 4%yl % i Ml 4 (diesel-generator set,

DGS), LA LS i IR 245, 228 2 A0 e fk FL I 7

ARG BNSRERLRE 7 HIAE LA B/ NI EESE. N 245

), B H BT AT VR RES T (Y e &2

05 5 2 AR AR R 1) 70 A 2 R U G s TR T

A+ ARG  mfE A 278 A hs R R, fEEE ST

LSBT, ra RS R R T

B3R € AR #4224 Jj 25 Ak br & (dg)

.

i 3 o, i L 4 SR 2 25 AR R R (dg) Pwe

80 2 T i, 8 XA BEZL(BUS) I HL R R & I

dpgp, dgs, dpgp Mdigr 73 1l /£ DGS, BESS, PV

WTH) A 2 25 AL b5 R, 73 79 9 € FEDGS # 1,

BUS-2, BUS-3RIBUS-4 I; X B [f) Jié i 33 FE 43 5l

Hwp, wi, wpFwr.

q q,

49,

3 TR RS R S 225 bR B
Fig. 3 Global and local reference frames of
the microgrid system

AfD
Afy

| cosdg —sindg | | AfS N
| sind? cosd? AfY

_ gLO

E

RX)H: 6,(n=D, B, P, I) 2 FHn AT RGN 1)

KB FEMIR R G2 RS HEALIR R B AEZE,

(A AFFTSEIALS AFTT 5300 B A 5 2%
AR BRI A RS MR R T IIRES R &

3.1 YR 3 & 2 B (Dynamic modeling for mi-

Ady, D

crosources)
3.1.1 fi# 68 R 4t 3 & B & (Dynamic model of
BESS)

W EIAFF 7, o LD o i B G E LTl L D3R
HAL B AN ) AR R G4 . 5 RSt ds: 1) N
EHII, AT 8 EH IR YHE S0 F3)
Z: 5 AR R L R 2) Th g il 38, H
TR ER S D) ) SRR 3) N BR B )R,
A DT A 0 PR P I T PR ) 18 A B B R 7
PRI Z, BESS B4R HAE A3zl U7 20, Ref
PRI W R G2 ZBESSHIML AL IZ 1T, W E4fT R,
Sy B0 A M BESS R 4 1A DI DI 2 AL D D 248 4
N
Pgreti = Cpi Phref 2
QBreti = CQiQBret- 3)
Ppreti M Qupreri 70 A2 7 E 1A 551 BESS . 76 1 A
DIMTG T D Z A8 45 Poret M Qpres 73 2MGCCiF
S DI T 4R 2 Op 5 Cqi i
BESSH.ILINZH 2, 5 REMRIESoCHIfifiHEE
TCIN AR REHEE.
X, BESSHLITC BN A AL i) 456 R AT
R MR R, 2SR
1) EHIRS.
ik /PR N MV /QHL L N A1) T
FHE e FHN(4)-(5) R R IR:
APper1 = KipAfp + APyipys “)
AQErett = KvQAVims + AQNpns: ()
Hr: Ppror1 5 Qprent 72 H DI TG D Bh 22 1 4 Hh 2
1, Phovs 5Q8 s B LN R B HL R
Gipe AR A B DY BAH, Kep e NEE N 2 1 75
Kyq =& B E T 33 85 fp /e il i A, VB 2
BUS-2¥] LA 24H.
BESS 5170 [ g ) 4y HH D 2 2 ME A0 TR U] R ik
N
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34 %

APour =

VPONi§ + AVPige + VPO + AV i, (6)
AQour =

VPOND + AVl — VPoNiF — AVEiFe, (1)
b GF, iV, VIR AL T SR AE dpgp i
PRA T I IR s < ARFRIEBO B

TR FA AR IR S A, Ty g

At AERERIA

i(lfref = KPP(PBrefl - Pout) +
Kip f (PBrefl - Pout)dty (8)
icl?ref = KPQ(QBrefl - Qout) +

Kiq J (QBrefI - Qout)dt, (9)
:/H\:EP: Kpp—%qu7 Kip _%Klqﬁ\%u%:ng?éﬁi”%%
LD TR L ShE I
S, IXFE, WSS B T /A
V::gref = _Kpl (igref_gdB) —Ki f (iief_gdB)dt_‘_

wpLiil + VL, (10)
V;:gref = _sz(i(?ref_gg) — Kig f (ifref_gc?)dt_
weLii + V2, (1n

Horb: Ko 5 Kyo, Kin 5 Kip 70 ) 5 B2 ) 2% B9
AR M3 8 VIR o AV ¢ ASLas i i IR 2
FAH.

K 4 fERERGEDIR LA 28R 1)

Fig. 4 Power circuit and control structure interface of BESS

B4 0] DL, 130 Y [E] 25 1) 45 AH 38 (phase-
locked loop, PLL), A=A T Rk N

. Kp;
AOJB = —AwBKpLL(KBp + TB), (12)

Horp: KpLp NPLL S 88 BIAH A 1R 21 28, Ky, M
K e PHE #3825 .

2) ThFHLEK.

T2 B % FHARER R R ACIE I 28 AEE AR R 2%
(48 J S5 FRLFH R A1 EELER L 2L AR, He s 2 Y
AT RN A
aiB -l

L INT NN
Bf

ShF
TR
1 B B
LTgf(AVd — AVeq), (13)
: R
Afz—fgmf—%Aﬁ+
1
E;xauf-Augy (14)

dgMhs % FBESSHLTEHR A7 1 B 0, A s
ORI R, T4 TR )-(12) LU
(13)-(14) B HIE I T
Aif = ApAxg  + BpArh |+
BY Aug + By AV, (15)
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Aif, =
A]_D,’prng + BB,pAJJgRC +
By ,Aug + By ,AVf + B§Awg.  (16)
FEX(15)-(16)H:
Azl = [AVE AVE AVE AVE Al
. . . T
Azfd Al AiB AVE AVP% Awg]",
Az, =[N Aig )T,
Aup = [AQﬁEMS API\?EMS]T’
AV = [AVS, AVE]T
TEARW, Aif, Al AVE FTAVERRED)
IR 2R IR &
312 HREKHE RSB EEA (Dynamic model of
PV system)

FeAR K L R Gl ik H g AR e B T AT
H, SR S 3.1 /N HES W
Ai‘%’c = AP,CACC%C + BP,CACCI‘(J)7p + Bqﬁ),CAUP +

By AV, 17)
Aa’c%’p = Apyprlg;)yp + prpr%’C + Bp ,Aup +
BY AV + B Awp. (18)
FEX17)-(18)H:
A:L‘%C =

[AVE AVE AVE AVE Al
Al Al N AVE AVE Awg]T,
Axf, = [Aif AT
Aup = [AQﬁEMS API\IZEMS]T’
AV = [AVE, AVETT.
3.1.3 KJIKHEHABNESEER (Dynamic model of
wind turbine generator)
RS REHHAWTRI SR H LT+ R/REGH
B 1) BB AL R SE 2) ML S8 114
B 3) gt i R IR AL R R R ALTE A
[FRP e S5 MR Rdigr FRIEHN
WA = YA + Av, (19)
;H‘:EP: il - [i{Nqs Z'{Nds Z.{7\/'(11* Z‘{7\/'d1r]T7 vI = [U\]N'qs UéVds
Vg Vivae] VA IR SE T (Was, Wds) Bl (War,
Wdr) LR B R R & FEREW MY BIHES: WX

#k[20].

R BTV 2H R R T R
ATer = Xma (i{NdroAi\[Nqs + Z'\IZ\/qsoAi{Ndr -

-1 -1 -1 -1
7’VVqro AZVVds ~ YWdso AIqur)ﬂ (20)

Horb Xoa A2 il FEL L.
R TT R BT LZEL e 7 A 22 A 28w 9 ol e A Y
RFWT:

2H7 dw
71 Ir = KSSHSS — DIer - TeI; (21)
wp dt
2H 1y, dw
Tur W = 1Imw — Kssess - DVV“’W) (22)
Wh dt
dé
5 = Whlew —wn), (23)

Hor: Hy, Hrue, DI Dy 53 50l 5 86 R B AL % - A
R AIHLEE T FAE M BORBE e 248w Allww 2051
e BN L ALEE 1 0 X HLES T LA A T3 T 5 Ko
RPN E; Thow 2 RESTI AL FE; 0525 5
A A B R ITHLX B SR Be 8 F X (24)-(25)
ik

24
e SeD

A=W R (25)

Horp: pA T REE, Ry A2 MK, Wiy s
PG, M IR L, Cw (A, B) A2 TR R EL, A
SR IR B2, IXRE, 2T (19)~(25), &/ E
SRR 2T R R AL R ML S SR AT HE S Ny
Addorg = AscicAzicg + BScigAuscic +
BioicAVétie: (26)
Hr:

Azdog =

[Aifygs Ailyas Aifyge Ay,

Awr Awy Abg]T,

Augcig = [Avly,, Avlyg, ATuw]",
AVSgCIG = [AU{]NqS AvgNdS]T'

S5 & LA B SRR (Dynamic model of
diesel generator set)

Sk L R G0t LR R AL R 1) (i [E]
R ENEARSGE 2) RREVUR S 3) i 48
Jihti A d R G, R RN RGBT e
HZEMNN Rdpgp FAIRIEHN

3.14
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34 3

M%(iD) = NiP + P, (27)

E

i = [iSDqs Z'SDds il?ql Zgi ide]T7
v = [ v vin ety vR)”
Iy B 8 T R4 (Sqs, Sds), JilkESEAL(fA)ATFH JE
SR (kql, kd) R HLLAT L S5 5. R MO 3
SR Z 0L [20).
[E) 20 % AL i e 18 2l T FE N
2Hs dwp, Kpsddp
wp dt wp dt

= Tms — Tes,
(28)
b Hy, Kpg /Al 20 P R BE e R3L; wpe e
%?ﬁﬁ%ﬁ% L Tons M Tos 70 ] 2 HLAROA F R e
.
Tes = 808y + 150 Xingihe +
(—isas + ik + 37d) Xima, (29)
FO X X o R SRR
TEAFHE H 2, Toas Fel 57 & 1 J3OR0 Jah 1 3
grd i, o M AR WLIEEE T AR 412>, 4yt %
T227)—29) T HE T S8 K AN LA AL 225 A bR 2
NI, 2P, (1), £RSHE AR
F SR LA B R R i A
Ay a5 = ApasArheg + BhgsAuncs +
BhasAVas: (30)
Hr:
Arfyag = [Ai, Aidy, ANip, Aify Aif)
Awp, Adp]T,

AUDGS = [Aeg ATmS]T7

T
AVV]%GS = [qus Ugds] :

3.2 MZER (Modeling for network)

F RIS, 46 5 25 T S I Ao bt R 2 A 5
HL IR 6 R A

Vi¥as — Vece = Ruivg + Lyiv, (31)

Vece — Vi = Raira + Loira, (32)

Vece — Vi = Rgirs + Lsivs, (33)

Vece — Vi = Raiva + Lairg,  (34)

—iL2 — L3 — L4, (35)

Hr: RyMIL, (n = 1,2,3,4) R4 RL 3 55E

CcVpce = i1

BELAT; dp, A X B2 ) B 0% 15 Vo /e PCCHE IR H
Ji; Cor TS LI D B AME B B 2. 26T
R (B1)—(35), T 2 S SR AT HES N
Aifpy = ANerAripr + Blim AVgs +
Bygr AV + BYgrAVY +
BYir AV 6, (36)
7N E':'
Ay =
(ALY AiL2 AGLS ALY AVECCTT,
3.3 SR (Modeling for loads)
71 Fur 20 2 P AR 2R T T & 7 fr
T FER RN

g _ nll g 12 g
AVhgs = DxprAaygr + DprAiygr +

SE(E AT

g
NETAfL‘DGs + ENETA:EDGSa

(37)
AVY = DprAztpr + DiarAigr +
ERprAad , + E{rAdf (38)
AVY = DXpr Azt + DrAidpy +
EXpprAz} |, + ExprAid (39)
AVierg = DNerAedpr + DN Addpy +
ExirAzdor + ENbrAddorg:
(40)

34 BEZIFEZZHHEBEMN 3 & B R (Integrated
model for microgrids with multiple energy re-
sources and multiple conversions)

MEISHR I T 2G5 G, B2

e X Bl A AR 5 HE s T L (B AR R R,

DG It 1 EE/)[LAzDGS, Az%, AzlgﬁDAzSCIG, 7E

Tl e oA o 2% AR i N T e X3 7)—(40) T 2

) BEZE HLE R AV g0 AV, AVIRIAV 0 2

o] 23 A5 5 F) 4 L D DG B T R AR N BT, RS =X

(15)—(18)(26)(30)(36), HILZ YL AL Wi P HE &

R AR
Aiyng = AvcAzme + BucAung,  (41)
Hrp:
Axng = [Az])ag Am%vp A:U%VC Am%vp

g g g T
Amp,c Azgcig A2pr)

?

Aunic = [Aupas Aup Aup Augcig]®
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DGSZ AR

_______________________

| A )
Aupcs || TR BURS: w7 | bes
[ T il |1 AV
- T ]
BESSzZ)Zs A
: ALY
Aug T %mh T }T’
| e B
: fﬁiﬂ%’# A B :'<— SR
L ! EQEZ'T
et HL
e PVEERE N W23 5
: | i o
Aup : I‘ﬁ PP EE.{}IL BT :T)
| w [T s g |12V
l )
~—

5 LRI SE B SR

Fig. 5 Block diagram of the dynamic model of the microgrid with multiple energy resources and multiple conversions

4 ZRZAHBM RGBS ERE DT
FFIEAE 43 Mk (Eigenvalue analysis method
for dynamic stability analysis of microgrids
with multiple energy resources and multiple
conversions)
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AR TT5 22— FPAEAE 73 B T A 3877 A
gh4, T DUSE ol i Y R G AE B A A TR T g
il SR — P AE R AN ORI RSN RGBT i
AT I35 R, 32 H T R X 28 49 42 i SR
WA IS (RN vk . B AT TR )
YIE LA EE 4.1- 4271 ik
4.1 BESFIRHIE R & (Modal and eigenvectors)
FHIE(E S50 4h TR JE, B4t 1 IR

AR, A PR AR B, X TAE— 4R E N,
FIE 7] B by (B i) 2 ) A2

Amcoi = Xigi, 1 =1,2,--+ | n, (42)
RN G = [¢1i doi -+ b5 FIFEH, ZEHRFAE
) o (T A1) 8 A

Yidme = YiXi, 1 =1,2,--+ ,n, (43)
Hoaps = [h1; i -+ thng s XFRLAYAS [FAFAE AR (1)
Je AR 0] B AR AE I A R AIE ) o, () S R T
RE 7N RG B NHOIRES 2R B G 3,
Je R AIE 1) B B BB RS JC 3R RO T IR ANIE B
i MR HIAE.

d=1[d1 d2 -+ G| =[h1 o -+ Y]t A
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PRIGAEAS . AL 1) B S R T IR AR & bW 240 v
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4.2 FHHERBE 52 5HF(Eigenvalue sensiti-
vity and participation factor)
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P=[P P, - P, (44)
Hr
D1i D131
D2 P2
p=|" =T (45)

TCHDri = Otk N E T, Foriii Mk

FEEE MRS RN S 5.

43 TR X B|UEMIIERE TP
I% (Dynamic stability analysis steps for micro-
grids with multiple energy resources and multi-
ple conversions)

MR IR R AR 3 i RO B 3 S, PR RS

AR ATERT L N R G BN AS AR E 404, AHRLE
RINF:

1) K FGauss-Seidel &5 J5 23 X0 1l HE I 3t 47 3
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3) THE RGP A A SRR AR S AH B 1)
FE AR &

4) MR HRBI 5 2 B v 0 1 7 22, M T A
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SRR ) AR G AN G BRI 2 8 134T AL TR
FEIR LG R

5) HR¥E LA ST N R SRR E
M FEA IR AR B AR
5 R 51118 (Results and discussions)

W67, A S LARRIEE J3 1L I 3 e U5k L Y
NI H —ZR I 5 2 5 2 AR B R e Tl L I g a1, ik
T3 2R 2R H U N RGBS E AT A4
TBNAEE ST R AT, 4 S b
g,

MEMS

Tl I/ NN S JisEB s

-

GPSH &
| pwm

DICIEIHE
3x1000 kW) | G)

AR

<,

PR 17 11 4 4%

1500kVA Load 2

10kV
35kv 0KV
OMVA ™"
ShEE LM
S
10MVA

_____

—

0.92km. ‘(}.A%Okrh .éélkl#l.! L

DS1 DS2 DS3

BUS-2

Adjustable| !
Load1 ||

0.78km | -

BUS-4

Load 3

B 6 2RI B RETHE I B 1] 5 70 SR | A

Fig. 6 Single-line diagram and hierarchical control structure of the Dongao Island microgrid
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Table 1 System parameters and power flow results

(operating condition)
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1275kVA  338kVAr
FLI R E
BESS MISCHFEHLST 500 kW 200 kW
I
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Fig. 7 Overall eigenvalue spectrum of the Dongao Island

microgrid system
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Table 2 System dominant oscillatory modes and
participation factors of system states
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2 = —9(pu) 28 30 34
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Im.(rad/s) +2354.4 +33.1 +11.1 +0.8
ET 0.140 0.786 0.620 0.415
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BESS DI 0049 0011 0.10 0.026
BHIZRZ 0076 0.023 021 0.039
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Line 3 0.014
Loads il 0.443
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Fig. 8 Trace of the oscillatory modes as a function of

frequency droop gain

6 25 (Conclusions)
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