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ABSTRACT: [Objectives] Virtual synchronous generator
(VSG) technology is extensively utilized for its capability

to regulate damping and inertia during inverter grid
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connection. However, line impedance is commonly
present, and voltage and current distortions are prone to
occur during the pre-synchronization process of
disconnection and grid connection. Therefore, the control
structure and pre-synchronization method of VSG are
optimized. [Methods] A photovoltaic power generation
system and hybrid energy storage are used to replace a
traditional DC source, simulating actual conditions.
Virtual active power and virtual current are incorporated
into the conventional VSG model to compensate for phase
and amplitude differences during grid connection, thereby
achieving frequency and voltage regulation. To address
the issue of selecting PD control parameters in a
traditional linear active disturbance rejection control
(LADRC) system, fuzzy control is employed to adaptively
adjust these PD parameters online. Furthermore, LADRC
is introduced into the active power loop for secondary
frequency regulation, which enhances system robustness.
[Results] The feasibility of the proposed method is
verified through MATLAB/Simulink simulation, which
demonstrates the excellent performance of the pre-
synchronization control system. [Conclusions] The fuzzy
LADRC enables rapid and smooth grid connection,
suppresses  grid-side current surges, and reduces
frequency oscillations, thereby improving the stability of

the grid-connected inverter-grid interaction system.
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distributed
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Fig. 1 Structure diagram of photovoltaic storage VSG microgrid control system
do _ P, P, PR SR, xR 5 H A SR L UL I 1 5
i o, o —D-w,) . st s .
b _p ok (" ) M o VR A RIS RIS i 2 o, Hoe P
m— L e + 2] CU_a)n N S T, N S
" NI IEE DA s U B 1, 53 39 F I 1 6
dr :a)_w“ y N y N
ds EEAE*” EEYJﬁ: VDC_refﬁEvﬁgﬁ EEAE&%{E; VDC
A O a] .l D AR O R AT A 2 1 )

B I 73 o
T8 s Ty A ) AT A ' il R G R IEAT A )
E B, ¥ Tissh iR sl Rai et 75
PERIBEJE . AHECT IR A2 K LR AR G R 4
VSG 1) F s g B 15 AR 48 TG T — # T 3 4 1)
Fetedrt, ERGRK LIRS, KA
E=E +kyUy—U)+D (0= Q) (2)
1.2 OtERGRG
HE LA, ARGCRH T BRI ML,
J AR L@ I MPPT 45 i) 7 A R R L R 4t —
HAT B RIIFE A, %4 Boost Heds H ANBFE .
& FRL It AN RS 2 F 25 0d I WA Buck/Boost A8 4 25 5
B BHAAIE, SERBE R A B AL A AE .
TR B RGAE I i 45 5 7= HE D) R E)
X BELR R AT AR SR P, P AR Rl VR S
eVl D) 2P sh A e BE LR, 56 &
P it i AK R B 4 i 2 VR 0% L 5 Wi ek
Py AR KPR L A SO B ReR AR D R

DN P i Y T PR S

DC

PWMRR ik 96 BE 1 ) s NOTHR /R -

B2 JRA R AR R
Fig. 2 Hybrid energy storage control strategy
TR Al A A28 1 SHEME W] LA 5 LR BE R FRUES 1Y
R E T, T AR E H ELIR RS B 08 PR UE EL AL I
RYGUEIEy . JEMIEAT Mg Tk,

2 OGAETRIF 25 2 i SR

2.1 ET R TR AN B I A IR B ]

B 3 T 0 P i SRS HE I, Ho: U N
PO = AL s A0 D9 HL AR £ 6,81 VSG A
FOMENE; Uy SIS SO U M



114 FRE: E TR RO TR S B R K LI PSR

Vol.47 No.1

(UCNE R QIR AV S AP )
EE/

(b) W fE 1
B3 R D S HE

Fig.3 Block diagram of pre-synchronization control

strategy

&4 TR 20 2 7 VSG 4544 b hin A AR AL PT
TREANIE A PLI Ty, 25K ] 3 QDEE 43
Frose — MR, 5 GuAH G 2R 1% 1 3t 47 CE P91,
T I 2 HY I 6 ) D R A ), T R T 3R
GRS TERE . Dyl N IE RIS AT BR AT,
WAE VSG ML 5 FL W 8] £ £ FEFD BT, AR FH
UL B . MR SCHR[33]48 9 VSG A 1)
D, e RIS R A Ly
_ UU,cos(p,—-0) U;

P, 7 7gcos o,
Z,=\/(wL,)+R? (3)

0,= arctan(wR—LV)

b PONKERLIIR L AR, 7359 ¢ M RE L
BRI READL LR o, A REIUBHBTA -
THE LRI FR G, ATARE SCER 22142 t 1)
PRARALAME A THE R AG. HRIEA N
v P2,

3
UiUg) 4)

HAG) MA@ H, K U=U, Hp=0=0°
i, RERLBEBT Z, F1 A0 IR 0, B AH A7 5 3 I
FAF o ZITVEX TR B N A bR, X
S PR R G il R

JRE UL LB R B ks VSG AR BRI BN L Bl #A

A@=arccos(

M A2 RER IS BRI &, 15
LRI i AR A S VSGHEIES A
AT VSG i th HL %, B DRy AR 2 4 R R S5
W R [F) A2 o 107 3% A DA S Pk v 2 Rl 0L R 22 AL
(% PR e S L N AR A, HR i R G B A
LR FE . THIE D (B AR 2548 an 8] 3 rh Q43 BT s
22 W& aiiEsa

- LADRC #% il #% HH 26 1 97 e DR 25 00 Il 4%
(linear extended state observer, LESO)P*F1 2k 4
RS 1R Z [ 13 (linear state error feedback, LSEF)ZH
Ji, Jo AEE LR () PD AT, HLLESO Al LA
LR BRI RS AT ZIRE L —
B LADRC 5 #9184 fros . e r AEGE A
BN u, N LSEF tFE I Bz dl &, b,
RGN w NRGEHIE: yIRGEH, Wo;
Zn 2 R R G xRS B I
X, MUS BN x FETHE: Gls) MR o

IR R, | LSEF o

B4 ZHrLADRCZHIEE]
Fig.4 Block diagram of second-order LADRC
W RN RGBT R E, 0 G
TN R G AT R RN
y=f(.y.w.0)+byu (5)
byt y B —Brily s w R RGE).
Bxi=y, X,=p, x,=f, h=F, W FAREZ A T7

sl o ) ol
i I PO 5 MV A
y=x
HT R R IE T TR, ERHIRE
L S B AT DA B 25 . R AETE— AN L=
(B, B B]s zi>x. 2%, z,ox, Hi

— FORTLAEIL, W LESO B A RoRx Ty

0 1
0 0
0 0



B B X B &% K 115
z) _ﬁllozl 0 A w= ! P+
Ll=|= 0 1 [@} by B, m - J“’"Sl+(D +haJoon
= £ 0 0ftsd 104 Do stD+k o Jm+n ten (19
y=z

sy s IR RS ) &= .
AL AR & 2, J5 P 1
u=(u,—2z,)/b, (8)
RARABREN, =, WEH j=fO.y.wi)+
bo(uy—z5)by=u, BLIN FR 58] i 4k 9 BUER 55 4% 5
B RS
FRAEIRZS AL 11, LSEF MM BRI £ om A
uy=k,(r-z,)—k,z, 9)
Wk, Mk ARG, #HOE RIS
HSCER[8] AT 4N, LSEF KIS HUK T — N
k,=w?
ky=2¢w,
X o NEAZE: CHHEELL.
1 20(6) FHZ(7) Al F Al iR 22
x—z=(A4-L)(x-3z) (11)
X x=[k & 5] i=[2 2z 15 x=
[x, x xy 15 AJE6) PR x 1 R BUGERE .
RAE DA R BR AT A, Raffaw, W
(A-D)FIRHEE LD TEET 0. WIF
|A~(A-L)| =22+, 22+ B A+ B=Ctw,) (12)
HF: o, WLESO IS TARAIRRE.
AR 1) 28 AR 1, AT —Fils LADRC
5 VSG A - F M S & i ik, 8 VSG
i) HE W VE A LADRC (4 HI % %, VSG R G Hi %
£ N LADRC ) N i, T4 T8 A4~ R SE
B RE TR B R
I E VSG 77 A 1) D) A ATAE — E 1 o
&, JEMHEL a4 s 2 e
it & P, ., HAFFEWT

P —p (13)

W

e e gy
X PAVSGHIHIhE; « —Fr ik & i
[ 4

SEEVAEHRMEHER, BPHP, . &
£, Bt o5aw,. P P HARELERECR:

(10)

XFA(14) 58 1 UFEAT R oy S0r 100 AR 46 I ik AT ¢
IE: EI%E":
do  [Jo,+(D+k,)o,7] do N
dr Jow,t dr

P,—P, D+k, D+k,
Jow,t Jr @+ g “n (15)
D
eGSR, by= ;Tk”’,uzwno

bR, o, 2 ARG HIAEE, 11 LADRC
P % BE A0 VSG i th 0 S BHME 0, XTSI 2R
GE AR AT SEI R, RS RE A S AR
HIRCR, WA TIFD @ E R ). ST, A
AT R I 5 F7s () LADRC £ 4584 o

s I (VAT N )

2
@ d 1/s
10)
¥ r e
% I LADRC
10)
a u

E5 FHIFFK LADRC #4514

Fig. 5 LADRC control structure for active power loop
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Fig. 7 System power variation curves
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