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Abstract

Micro-grid system is a new development direction of distributed generation system. In this paper,
the operation characteristics of PQ and VF control inverter are analyzed, the mathematical model
is established based on the control strategy of inverter, and the critical condition of the fault is de-
rived. According to the working characteristics of the micro-grid in grid connected operation and
islanded operation, by using the node voltages and currents in fault condition, micro-grid voltage
and current equations in the run time are derived, and the fault analysis method is established. At
last, by using the PSCAD, a simulation system of isolated island operation of low voltage of 380 V is
built, testing the validity of the proposed method.
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Figure 1. PQ control principle
[ 1. PQ #ZHI R

f2

ZIoad

B
f1 JEVEIL i

S

EDG

Figure 2. PQ control structure diagram

2. PQ =LA R



WA, R

b AT PR B P, AU B LR Upe JERME, B P, o =—1, B, o =1, B
ffﬂuﬁkimhﬁﬁT%E@ﬂm?&mp%ﬁWLJ,ﬁﬁmmwk\F

—MRAR/NECE O 0 AT DAE R AR MR 2 G 4R AN, 71§ PQ #5H1 DG 7E Ryyy <R, WA THIFRAST
FIREPE, ARG FTR:

XP XUDC Hﬂﬂ: Qref

1
E, . =—=U
DG 2\/5 DC
Epg —1pexZ=Upg
U
IDGZT?G “)

Qref
Il .0 =-
qref Ud

Idref = \/ 1 éG I qzref
5 R > Ry s T HL IR IR Epopsn BEFE A, WML Ly 22U e SN0
SRR B AR, i BIRALCE AL, SSRHGTRIEN, T BT g B S, AR

={%+gmH@xRﬂﬂﬂm5Umxﬁ¢ SR S P SR IR, R P, — P, %

P
WK, iy, =L o KR, BAFBUHIAR K . SCTHR[ 12145 25 18 242 88 1 b L By ek

u,

i s 7K 52 BE 775 2 AR PIAE ] 2A 745 06F 1 0 39048 4% 19 e K A HE R UALAR HE PR A, T DA T 6 A7 £E Kt LR
P
IMA)(:R’ef o FEERFTARIN BEAE, AFAAERTENE IR e PR R <R,y » 2HTRIE I

L B 245 5 SO D) % R BB 5 A AL T AN o T DA MO R R B I, 2R B K T
Ry < R < Ryyyyy I DGR RT LU A R (2) 5 ARG R, JEI Th AT DLE S . 254520
BiRT 0 R Ry I, PQESHIIIDGHLFALA SIA, I (0050 HUAHE T DA A 7(S):

I = Lyux
Iqref = _%
Ys ®)
I dref — 1 AZ/IAX I :rej
Epg —Ip*xZ=Upg

AATET B R G B AFPSCAD/EMTDC, S8 [42, $#37 — N fa 205 B . oA il e o) 1
W IAERE A3V, ERMEEEUe=1000 V, JEH BB HEKL =2 mH, JEHHBAEC=10uF, 2%
RAHE S S BABIR A1 Q, 25Q, 3Q51Q. Py=17kW, Q.,=0kVar. Z L35 E40] L,

FEO.SPD B A 2 = AR it b, IR e BT AT AT RN, 35 Epids BT I B 4% 1 % =500V,

S BRI EAR &, IR ELEI3, (€140 <15 ] LU B S BB R > R, » DG
W/ ST NETEIRBE S % M. 16, 7RIS, MEMT 0< R< R,y » WK
R< Ry I, Epgl, IR ELZMA, UL NI S5 1, BTk foad 7.

2.2. {EEESIEHI(VF fZH) S R o4
fE AR ) ARy VE $2i], AR AR AE RO RE A AT 5k 2 K B R I i I SR SO 2 )



R=25

500~ Lo | |
300 i
200

100 —

-100—

-200—

-300—

-400 —

500 SR
\ \ | | N | |

0.4 05 0.6 0.7 08 09 1 11 12
t/s R=21

Figure 3. Epg voltage (equivalent fault resistance = 21, resistance = 25 Q)
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Figure 4. Inverter output current /ps (equivalent fault R =21, R = 25 Q)
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Figure 5. Inverter output power (equivalent fault R =21, R =25 Q)
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Figure 6. Epg voltage (equivalent fault R=1, R =3 Q)
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Figure 7. Inverter output current I (equivalent fault R= 1, R =3 Q)
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Figure 8. Inverter output power (equivalent fault R =1, R =3 Q)
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Figure 12. Inverter output current /g of VF control (equivalent fault R =10, R=8 Q, R=2 Q)
[£] 12. VF £ TR R e (FREFERET R=10, R=8Q, R=2Q)

3. DG M= EEH#FE 2 #T SIIE

R HT 7 REA 1 A7 300 DG 2R A SRR R, X —T9R 58 H VF 5 PQ 1] DG
FEINEIBATIN, R AN 4R G R
FER AR, S B S s A A A B e AR &) 13 TTRAR R A5 (8).

O,



WA, JER

VFE ]

/,\ Zs1 | Z) i PCC Z;3 Itz Zioad
o6 |
— Upcc.f f1 Z
U
Eoe DG1
PQz il 23] Z) Itz

N

EDGZ UDGZ

A

Figure 13. Isolated island operation microgrid

13. MBEITHEM

{UPCC._/” = (Zf W Zioua + 213 ) X1 )

Iy=1,+1,

w13 s, ARG R B R A = AR W . Zy BN Z, SRS RIE BB, Zns Zp 5 Z R 5E
AR BATT, W R ARSI Ze REH T INSIZIT RGEAE KB SCR, HZ2HT VF
FEHI) DG X 5 8A R G805 HE 5 AREA SEER, R PQ #1115 VF #21i] DG R ekt T LA =4
TARRES

1) VF #%4il] DG fefigfae ik, PQ %4 DG fete e fn th e h %, M REAXQR), aX3), 2
3(6)5 A 3(8) R At e e H 1%

2) VF #%iill DG AR tase ik, T HmmFRE, PQ 45| DG Refa e fith Aie Uy 2, i iR
PFA(S), AR (752 (®) KM K .

3) VF 1=l DG 5 PQ #&Hil DG #i 4T s M ALIRES, i rTARYE A 30(5), A7) AR A (®)KfiE

I
4. EHITEE
T WA TR A M, R PSCAD/EMTDC #0428 4] 13 (L MBS & T 1 M &%, 3

H VF $21i] DG K275 LN 311V, PQ 2] DG KIZH IIZ P.y=20 kW, O,,=0kVar. JEJ LK HUK
L =2 mH, JEHEHEE C= 10 uF, LY Z, =0.2568+ j0.0326 Q, Z,, =0.1284+ j0.0163 Q,
Z,, =0.4971+ j0.0565Q, I, =1,=50A. #FEKENKERHIEHRDT Z = 3Q PLA S Q, 4553
*15 £ 2 PR,

M T ATE R, 4 Z,=3Q, VF 1 DG firth il C 2L BEARERE, B R E B
JE, HMFET Upei DTS HAE, M %24 2,=5Q, VFEHIEHHERNT L, FILATDIERE
ERRE . TS H T EHE DG K U5 UMt iR L5 I, v &R E AR, Bikn] DU,
FEAAAEN RSN EUE, I H0TFAE SRR ZH N T 3%, BRI R IR S5 5 RT DAE WY 25 SC P - S R ik
HURIZAT #0710, ATRAAES 1S DG #EHI RIS I ATHE T, A ROl T i IR S

®



Table 1. Fault analysis results in microgrid (three-phase short circuit resistance Z,= 3 Q)

1. 3 Z=3 Q WE MEFES T

In Ip I Upcey Upai Upcz Epci Epcy

TM5EAE  50.002-2.19 48.31./£-0.72 98.00/-1.46 246.102-0.00 259.11.£0.17 251.22.20.33 25932020 251.14.20.27
B[ 49.7/-2.19 4827/-0.71 97.80/-1.45 245.77/-0.00 260.01.£0.18 253.1.£0.28 259.4.0.13 251.9.20.30

Table 2. Fault analysis results in microgrid (three-phase short circuit resistance Z,= 5 Q)

7 2. Y Z,=5Q BB SRS S

Iy Ip I Upcey Upai Upcz Epci Epcy

THHME 47362-1.31 4434/-1.18 91.74/-1.23 299.84/-0.00 309.9.20.22 305.17£0.11 310.5£0.29 305.17.£0.11

TiFfH 4742/-1.28 44.19/-124 91.784-1.21 301.48./-0.00 313.6620.22 307.12£0.12 313.7.£0.18 308.23.£0.09
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