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Abstract: In order to investigate the impacts of distributed generation (DG) with high penetration level on voltage stability
of power system, this paper focuses on the characteristics of different DGs, presents corresponding grid-tied control
strategies and the DG generators’ dynamic model. Theoretical analysis and numerical study was conducted for the effects
of the grid-connection DGs on the grid static voltage, dynamic characteristics of DG speed and frequency under different
penetration levels, as well as the impacts of DGs with different control strategies on the power system during the fault. The
results show that micro-grid can provide voltage support, but with the penetration increases it generates negative effect on
grid stability; and the voltage source DGs can promote the recovery of grid voltage and frequency after the fault.

Key words: distributed generation; high penetration level; control strategy; static voltage; dynamic characteristics

) IR R T A RR AR i R A

RLRTE  Han]5E, IRREREHIIEIAY | FRIR R,

fLgi i 1 R L A REIRAE A — KRBT, th

* WiSHER: 2016-07-18
E¢WH:

EITHER: 2016-09-18

BHRA (y407pal00l) ; JREDFLIH S5V EAEHIITE (2014B040404002 )

+ BIE1EE: & 78, E-mail: shujie@ms.giec.ac.cn

SIS, FRRIOIETHLI, A RARIAEN S35
LN TR, b A BRI B J S
SRR i LT RIS, Ko I B i
FEP SR I, HEXITIEIER F At %
AR AKHU, XTH IS T OB RS R T

JONTAEE & @ik SRR (201509010018 ) 5 BEILT BT AVESH (2014HK100051) 5 FERNABE MM ARIRAT AT BT K AT HT



380 B oae W O B a4k
AT LA T S B SRS I
L TR 4% 2 R 1 R AL 34 atl o on | R

FIAEN, (HJEfm T mC IR R AT H
FrERIEA, FRREXSTREEN, A5
UK =R TR e D N R RS e e e B (| S (R = 3D B
A3k A A A o L X 1 AR 2 R A v P 2, G
BATRHEAIRHME G K AR B T WIs 1T . R
BERT NS 21T . IR IEMEZFIRE . b TFIFMz
TS R, BEUSHESZ 2 EE, AR IE
T HL P R RS, SCER AR Y A A R E S
BT TEHL ) R GE & A H R RV B B I T
TR FEL DX R 4R IS ASE I LA R s il SR s, $ S ey P S 4%
SEPRHL RS, BiE A DI SR, S
2 b AR R P2, PR s A S A A L X PR %) S £ A
X E At i L e R e A AR

Bifi 5 AR oA SR YR I Xk B AL I
P R sZ 4L R 4E, K PHBE S A RE 1 D%
ZHNAAGE MK, AT ReRE BCH R G  HR Y
BB FINAS RIS AR T H -2 5 g 2
T I H ey s Y™ R A B R GEE N
ARG FEATE, TR GEE I LA B A R
Bz Ae Ak, o R RS ETHERY msaE R
A3 A R HL A TR H X ) B R A 3 I L £ A
VARG, A RBEMPRREN . HEElT
TR TR P SR R 2y T SR i T R A Y, A
A B B R T A =Xk H K L AR e
PRI . NENLEE, DU SRR e MER RS,
FEL ) %) 22 i A 7 R R R R e 4 L B 1R &
(] Fsf A7 ] 377 A GRS A1 X L 2 AR H I 47
AREREFNEE TR HE LS AR .
1 oA R A

TR R 2 Ao A R BB IR AL &, Ak FH
Ae. KaE. ARSI AR, Hom kA
e IR e BTl B 8 U O PN 1 2 2 O KT 2R
AT BRI T, RGBT R R i O vk A T
5%, LA R o P O s e T AR R Y AR
1.1 HREBRSG

Tk s & T2 O H TR, LR EL
SFRARLANE 1 U, WESERCR IR . IR
VISCER | FFHRA R AR, LT A/ERR M T i i e Ak
HL PR T AR

XZ C__

3 W [ /NG =R
Fig. 1 Photovoltaic cell model
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Fig.2 Photovoltaic characteristic
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Fig. 3 Wind power system characteristic curve
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Fig. 4 Micro gas turbine power generation system structure
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Fig. 7 Structure of micro-grid system

NERMIEAFBERT, Gl R R
N, B ER A SO AR (™)
R H RSS2 G L ) R G R HR, AD

A=P,/P,
P, =P, -P ®

load

Ps=>.P , i=12,..n

Kb PR EH CECE R ) IE M3,
HEE AT B e R e A R FLUR TR Prog TR
I AR L ST R Proaa 18 BAFEY; PrAREH S RGLE
IR PR IR i & oA R & TR n
s oA R B

A IR AT, YR X P AR R L
BAAALRE, MEMBER A W2 0E, WES
R 1210%RBA N mBE R, ik 55
T UPR I SURNG 5 ) R 0 RIS & AL AR
s, fERGRER AR L, B EREAEHE N
L5 ) [B] A DR R, X RIS R (R 2 R S 2 1Y)
T I 55 H ) R G A LA E 2

A R E M, 2 T 4T IF M2 A
PCC Kb REZH I TEAN [ B B A5 DL T A2 1k #
P, K 8 Fin ALl A=0 BHE NS EME, fEARE
BRI PCC L ERRZE .

0 10 20 30 40
BIEFRAI %

K8 AFZ#ERT PCC HUEZ L

Fig. 8 PCC voltage under different penetration

M BB, FEr R IR, A
BRI IR A KRR DR A
Wi K ), RGN FE PCC AbH
WAHRE AR, UEIAFEF T RG] o reL )
AR TR XS H R H R 3 T S PR

B AR E PR E X FEIE R 1P 00 T ol %7
Wohla, RGHEERSTERVHERNgERHZTT, 3
W RGN ARE AR R . SR, &
FRGEAREW LA TR IFTRP, AScrE
RAFBBER T S SFERRER, AR
il R s 1) o A AR 2R 4 R B R
32 TASHRMES

X RGNS FEEHAT T, AR ) REAE
TR 5 D90 0, PC.C AR A LR SR AR AL RS TAGIN
AR HHAEAN B B R EOL T, O X7 Tl e 4 ]
TR e ko e X L B R e fa e PR sZ ], 40T
SERGRBEMNBIERE,

3.2.1 SRS

P T30 AR 780 437 X H AR D oy FH R
UL, RS SR DG & iLE A BRI 4, il
AR FRAREA RN, A5 HX ) R
R

WIET DG T (PO FEH ), fliiAs
I DG 1E 1 =0. 20%. 40%=FhBiER Fiafr, If
SEBNARIME, BCE HL ) RS L L K A AR



384 Brofe WOk e Fat
BRI, JFAE S AR 100 ms J5 , SEI RS ol
BRI . (ERBIN, O DG & RS oy
L oo
9 BAESFIARRBBR T, RIREHHL w0p
FElE], WA A DG R AL MR 2. Al 0.97}
AT, RGP R RIS T, b roel

BB IBERBIEIN, S AL ol 25 0 Al Bl = 34
K, RGEAMMRIL, 820 H, B8
I I GRS Ry K HL I PR S P ik e S,
[T RGN, &SR RE G R RS
) 3 5t o
322 EHESH

& 10 From i kAR BEIAE], DG & BB LA H A
RINALIZE . M RGBT THE 1 s fb R AR, JF7E
100 ms ZJ5 W BRIERE, REMURED; T AR
BRI R TRE . KA EN% 50 Hz i2
B Ui RB AR 0 R E 40%mF, SR
PG, W2 BSHhR X EM T R R,
HiL ) 2R 50 S A e B B 52 2 0 S L 1 3 e
B, HTMERNEGARE R TR, s
X HL ) R G R VS T, AT R EGR SR
/IR RR
323  OR[FEFETR IR AT

o340 SRR FHAS R s il o, 380
FRYEAHSE o WFIE s R X R G R 52, A
MAEBIBE R 1=20%1H00F, DG KA v/ 5kl PO
Pl LA B H s ol SR T s i 4, il 11 pr
o HEITLAE Y SRA v/ Rl SRms T B2 o i 22
e/, PR35 A DL R e PRI B E R e B AT .
PO I LS s e L A b el DU 2,
Pt AS FORHARL, T W/ Fs i e o 42 ol Fh P Y e (L
W, i RGAE B R IEIE 205 K I B 1T
M H N BRIE BR T , REAS S R HL I S SR AT R
XHES

12 ARSI (A [ SR s ™ PCC i)
M. WEIHRATIES], DU AT RS R
AR AAE, WO A R R R Ih 2 — 3, FEl s
THRIE, SR VGRS RS, BREXT RE L
HUFRE . BRI S %, AR R RE RS Pk 52 B L
HIFRREIZTT.

0 1 2

P19 bt Al h 2

Fig. 9 Speed curve under different penetration during the fault

5151
51.0F
~n50.5F
<
5250.0
=3
=495t
49.0F
485t
48.0

0 1 3
A
B 10 R IS5 h £

Fig. 10 Frequency curve under different penetration during the
fault

1.04 1
1.03 }
1.02 }

;E 1.01}

#1.00

#0.99
0.98}
097}
0.96 F
0.95

— VIf¥E
— PO
— |J

0 1 2 3 4 5 6
IR ) /s
P11 S [ ol SR 7 B 20 sl 2
Fig. 11  Speed curve under different control strategy during the
fault

127
1.1}
1.0

25_0.8 3

Z0T7r

0.6
05}
0.4}
03}
0.2

— VIf
— PO
— R 4 il

o 12 3 4 5 6
I} 1) /s
P12 [l SR s A A B ) el T il 2%
Fig. 12 PCC voltage curve under different control strategy
during the fault



555 1

SRARTCAT B AR T A 2 G R HL R RE P 5 385

4

N T BT RBIEAR T Ak AR AR L
FRRE PR , X AN [) 2 1) 73 A1 X R PR R T
WF5E, SR AL RS . WK ARSE
MR AEHLAE A U AR, [R) AT FE e 1 ]
TR R 42 AR, O R T A 4% il R
TEVCHERE [ S7 DG R HHLIS SRR, i 5
AT IR AN RS 325 8 ol r TR0 DA Fit, I ) L S R
AR HAT SR 225 o TR B XS o ) R GE Y
JRiR M —E RS, HB SRS R FECL BT
HEAPBCREIIRG: , R R AR 11T MR HTH
Fie R0 4% ) SR s 1) A SO, RERE X m e
R SRR BI B AR, s i R 3

SR

S R :

[1] 2, WFH, M, . Hea e RemsHRGEE TG
K FGEFT AT B REAR, 2012, 36(8): 12-18.

21 Ak, IR8 AR, % MeBMEORZGERD]. P E
ML HL T R4 4, 2014, 34(1): 57-70. DOIL: 10.13334/
j.0258-8013.pcsee.2014.01.007.

B3]  WREL Boprk, X, & OB HtR RE R RERE
BH)). B THARZM, 2010, 25(10): 166-175. DOL:
10.3969/j.issn.1000-6753.2010.10.025.

[4] KRB, BV, SR FImEE IR R S
IR & i BE RGBT 9], o &5 A ik, 2011,
35(20): 24-28, 93.

[5] KHANH L N, SEO J J, KIM Y S, et al. Power-
management strategies for a grid-connected PV-FC
hybrid system[J]. IEEE transactions on power delivery,

2010, 25(3): 1874-1882. DOI: 10.1109/TPWRD.2010.
2047735.

(6] BN, tgariad, kv, S5 NP DC-AC ZAFi
e PERE UL AL I [0]. B T AR 2R, 2016, 31(7):
81-91.

[7] B, BESEAR, BhokE, & ST HARRBERT %
FETRIMR 22 A I 2 SRR AR D). W R G ABh
1k, 2014, 38(7): 1-8. DOI: 10.7500/AEPS201210254.

[8] A, XPE, SCHATE, % HBEERT KA MR TR
W AR SEME[J]. B RS A ahfk, 2010, 34(1):
78-83.

[9] FF, CiE, Bk, & S5%EMGROGREATH
JE 8RR IR ARG A3 B S 0], E AL TR R,

2016, 36(5): 1200-1206. DOI: 10.13334/j.0258-8013.
pcsee.2016.05.004.

[10] KASHEM M A, LEDWICH G. Distributed generation as
voltage support for single wire earth return systems[J].
IEEE transactions on power delivery, 2004, 19(3):
1002-1011. DOI: 10.1109/TPWRD.2003.822977.

[11] A, AR, Eomdd, 55 LR SRR TR ILR S
O BE B4 BB SE(D). W T HOR 24, 2012, 27(1):
74-84.

[12] PUCCI M, CIRRINCIONE M. Neural MPPT control of
wind generators with induction machines without speed

sensors[J]. IEEE transactions on industrial electronics,
2011, 58(1): 37-47. DOI: 10.1109/TIE.2010.2043043.

[13]  ERGh, D5, E5FHL ZT0 PWM i # oLk
SHRHARGNED]. B RS H3Ik, 2008, 32(1):
56-60. DOI: 10.3321/j.issn:1000-1026.2008.01.013.

[14] BRFKm, B, K2, % KA/ IR G
R R Sl DL AP i [0]. B R SE A Bk, 2014,
38(9): 226-231. DOLI: 10.7500/AEPS20130823003.

[15] JURADO F. Modelling micro-turbines using Hammer-

stein models[J]. International journal of energy research,
2005, 29(9): 841-855. DOI: 10.1002/er.1102.

[16] XU, BilEE, 250, & BUL M rhEER TR
RGBS 7). RS A Sk, 2010,
34(7): 85-89.

[17] 3REkTT, F928, R0, 5. (ORI m) AR it ai i i
MR SE[I]. HTREEIEE, 2014, 2(6): 476-480. DOL:
10.3969/j.issn.2095-560X.2014.06.011.

(18] SKIKHfE, AR, PR, 5. — PR 28 e gt
WA T m AR ()], b E AL TR A4, 2012, 32(25):
126-132.

[19] ZHONG Q C, WEISS G. Synchronverters: inverters that
mimic synchronous generators[J]. IEEE transactions on

industrial electronics, 2011, 58(4): 1259-1267. DOI:
10.1109/TIE.2010.2048839.

[20] Z=sik, XIRBL, ZE2LUE. A UL VR AN R G
FRoE R[], FMEAR, 2009, 33(3): 84-88.

211 £, IS, 0k, 5. ST e IR e T i A )
58 [J]. mIEF A, 2015, 39(3): 556-560. DOI:
10.3969/j.issn.1002-087X.2015.03.036.

[22] AR, Kk, FHA, & BORGHERE K
HyshiM]. deat: A EE gy H ik, 2004,

(EAEME

SKEETT (1990-) , 5, WLOFeA:, BUEWPTE G, EENE
HL LT HORTERL I R GE RN HT

B & (1986-) , L, M0, BYRERRSE 6T, BN
AR REDRR LTI | Bl O LR FIRE A BRI

& A (1969-), B, M+, o, T I A AR BRI
B A P AR5



