U ER TR

2021 4 11 A

Electric Power Engineering Technology

F40E 56 52

DOI:10.12158/§.2096-3203.2021.06.007

HEL R B T R0 %5 ) VSG R BH BT AR 5 5 S E 1k o B

L

HA, TEE, FHa, A

(1. PRz AR KA A Sh k=g Be, 7195 B At 2111065
2. dEAURS LR R B A DEFE BT, JE At 100076)

i E AR R EERE T T REME T L EA(VSC) IF M & ik K & 5t MAA T T R, PR T —F
T IR IREG P R AT AT R SR . AN R4 T B R R, TR B R AT BT AR R B B VAT R R Ok 69 %
oy, Ak TR AL Tk A A S A N BT AR AR R BT U5 69 VSG B TR AT AR A | & 3 f8 A9 B PR 4 4 P R S R AR R M
LR AT AT, SRAM, FINZABAEH S F T A VSG fir th 3% SF 3R MR, Ay B TEAR 6 & SR O
W B, TR EEEEERESTHFR SRR, R, T SMBARRAT b 24 Bk, =T vk ik 5
R St TF gk 3k 5% e, R & XA RAABRM, e, AT E A %EE-F & (RT-LAB) A 44+ /£ 2R 52 I I04E T ST

o 45 ) SR s A BB AT 0 A

KA EME T L BH(VSG) ; 5 Bk s b P o B AT AR5 4] 5 38 ok Y ; PR 2 S 5F WM A4 2

B 43S TM464 XEkFRERY : A

0 3|8

BEE A SR U AE T R G B R 1 AN
P, AL G v BB A e S JH L ) H R 4 e
b7 B AR L X BHJE 2%, F I 3 3 8 He X B2
BN, ARGk T BT g bk )
WM AR T B ALME] 25 & HHL (virtual synchro-
nous generator, VSG ) # A% 5 i %f H g B8 F 9t
25 it LAy S Y A A, AL TR] 2 & R AIL ( synchiro-
nous generator, SG) F&MREIE

HUAT, 1% VSG A Bl gl ) A5 2h oo
RSP MY SR gt
SO T HA BT , (B D580 b i M)
FH RIS AR SRR T VSG X RGN
M

FEXIE SRR AT SR SRS , 40 238 4R A
(5 NG 1 S O RN £ L A 1 v
HNTM ST IS 2 ARE . Sk 17 15T T LCL B
A B P O R TS A O 5%, 98 ) LAY R A
P, o F T 5 |2 ) P U OB 5 SR [ 18 1 DA LA BEL 7 £
JEBEAT 23 BT, 415 HA R G5 45 T DO 387 A A BH T
FEPE T R 0 I A e Pk o (L B3R SRR XoF
“H R P DA T B O ) AR L OF ORI S VSG R
[, g 1 #ESh VSG 723 A 2 r I o i 1 [ N
HheEE X VSG 5 g W 2 [8] 19 58 B R R IR A5
SCHRL 19—20 ] X% 43 #r 1 Ha He 451 284 VSG 5 1% 48
WO B 3 :2021-07-09 3 15121 B 4 :2021-09-18
A2RA AR A KRAFEETBA A (51777095)

X E YRS :2096-3203 (2021 ) 06-0052-10

WL TR 30 A A L Y A 2 VSG BT, K
B P VSG i Hh BT P IR B S
5 L S8 LIS BA SRS A R 5 (ELAE A B
AL, I PRI AIR 7 O XU

BEXS LA IRDEE, SO $ T — Bl T LI
VSG g WL R o 555, 2B T VSG AR
RIS R R BT IR, SR I e e AR T 1
AT JCHL R HL AT IPE  9 VSG fan Hh BT
B, SRIG WETE VSG AEA B T AT 5 45
PEHIPRAYASCZR kB R I L T RT3 42 o T A K
i VSG A s I B R, 1R R AR E
Yo e, a7 B S Rk 1 BT LK AR
Ko IERRTE

1 VSG Ry M BB E BT HE

1.1 VSG b &ty

B 10 VSG iy I R fiAE . Horp,
Vi AL ERMFL T 3 S,015 8115805 805 8105 S N
TFRAELERNE T 5 e, J VAR T8 = RHATR I i 1Y Pl ) 5
ila’ilb’ilcﬂ‘j%‘}ﬁgl}g“bﬁ;voa’yub’vocﬂq%tﬂﬁ#ﬁ%}i;iga’
Ly > by N =AATF LI 50, 5 0, 5 0, WL Ly, 1y
390 A U L R S A R LR s €, 200 R DB HE
I PHIE B 5 Z, o L R S5 S8R P, Qo 230K
A I A oI I 35 PCC g A 3k 3%
o

AR R I ) 28 B 8 w] LA 5545 B4 Zh A G 2
PIES I Sva v

{Pe = I‘S(UHL.H + Uﬁl'ﬁ) (0
Q. = 1.5(v,1, — v,ig)



53 P 2 LR TR AT R VSG RYBLGTEAES I A M0 Hr

PCC
SACHSACE S, 1, no, T30,
e,

£a a
+ 3 Ly v — Voo Lo Veb
__szC e ilc Vo Ly Vee
e == R T T ENCEY:
a

C
Sz‘l sz-l Sc2‘| rf [] ﬂ ﬂ | abc/aﬂ |
s, R DERE] |
} T T Pe Qe :
L [SVPWM | Gave | = AH R 1] HE e Ey PQ?’E%U&}
i 1%1%” Vf‘ﬁ‘, ElJfQ(4) 7 M:E% Ei

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

—AH A e,
il L —
iHE

(b) POUIFAZ L5

1 VSG AN RIZFIER
Fig.1 Main circuit topology and control diagram of VSG
Rty SN of AR T VSC 10 0
vy 0 B o EERF T VSG HIHI LI P, O,
o3 9 R S bt A TN R AT 3
VSG (A DR AL SG LRV, 51 A K 4

15, FLA AR B I 9 R — Y A T RE 5 TC ) BR AR
U SG LG R, B — W IR D RE . WO 42
TIFEIT

6(s)=(T,, - T, +Dw,)/[s(Js+D,)] (2)

E.(s)=[Q.-0.+D(V,-V,)]/(Ks) (3)
s HEA R T EMF SR D, Ve &
B0, L BE SRR T, T 53900 0 45 7 e REUR
RS, P T, =P /0, T.= P/o~P /v ;0
VSG %yt H 38 e B9 AR 5 K O Dl o119 g AR
BB D VAR REG V., V, 20500 h 46 72 B I (R
VSG fi t H F IR ; B, R il 9 L 4 i B, B VSG
He 1 P R B L

AT TCI I o i AR S 0 AR A AR

SE, &M ESE] VSC BIRFE K e, , 1E NS
[7] &< 12 Jik 5 98 ] ( space vector pulse width modula-

tion, SVPWM) iy #1155 :
e, =FE _cos 6
e, =FE _cos(0 —2m/3)
e, =E cos(6 +2w/3)
VSG Y8 HLERH 24 T SC i 75841, A
LR AR S TN H 3, B 5 H ) TR 22 A7 AE — i 1Y
M2 o, Hp p=arcsin 20w, LP./(3E,V.) ],
1.2 BB ERGREF
2 g HAT v R R S B AR ) ) VSG S5 A HE
V], L X LS T 5 A8 A L S S A S
ET I3, B SO AR I RR gty B B ] o
AR P 2 n] g — 2D SRR R AE I, 4[]
3 f, Hohd, S HL RS HLR s K, R 303 85 1 i L
il LG, AT AU — A AL BE Gy (s) Sy HLUR A 19 4% 5 G,
(5),G,(s) Jhy R, IO L, s i 2 eI
MG 3, AT DUHE A5 251 ) i R p ik 2
ig = Gpy(5)iy/ (sLy + 1) + Gyp(s5)) + G,(S)Ug
(5)

(4)

Horpr
G'(s)={[G,(s)(sCir, +1) =5C. ]Gy (s) +
[G,(5) (sCyr, + 1) = (CfoSZ +
sC(r. +r) + 1) ]}/
[(sLy + 1y + Gp(s)) (sCyr, + 1) ] (6)
M3 (5) AL, VSG i A i A (02 HL T B
154 i A, B SRR o MG, 2 6" (5)=0
I, ATAFAT SRR L G, (s) R G, (s), ns(7) B, it
W 2,5 0, JCOE, THER 1 H 0 s 75 5008 0 O 1 v
WY o
G,(s)=sC/(sCr, + 1)
{Gz(s) = [CfoSZ +sCi(r, +1) + 1]/(sCr, + 1)
(7)

2 IEfFEMERRESH

FHREEES
A I A E AR BRI X VSG /Y IE | B
J it FELOAS T R A 7 4 5

2.1

Ve LS 71258 B 4

ng | | GI(S), GZ(S) 7777%4277‘ ‘,,lf,<
___________ - V, [ \
- = o et w " _E
|, o[ e ULl fabe
Oty e Qs I T L lsvewmles s
10 g [t e T e o L E, i~ Se
! V., = e 1/AsL¢tr)) dg [ % : >
____________ ! [

| Lq‘

,,,,,,,,,

B2 VSG HaIREH SAiER
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The impedance modelling and stability analysis of

VSG with grid voltage feedforward control
YANG Yigian', CHEN Jie', WAN Yumeng', ZHANG Xinying', WANG Kaichun®
(1. School of Automation,Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;

2. Beijing Institute of Precision Mechatronics and Controls, Beijing 100076, China)
Abstract : To solve the problems of current quality decreasing and poor grid stability of virtual synchronous generator ( VSG)
under the condition containing background harmonic,a power grid voltage feedforward control strategy based on current loop for
VSG is proposed. In order to eliminate the influence of grid voltage background harmonics on grid connected current, the voltage
feedforward control function is derived according to the input current transfer function. The impedance model of VSG with and
without feedforward control are established based on the harmonic linearization method. The influence on both the impedance
characteristics at different frequency range and stability of grid connection are compared and analyzed. The results show that the
introduction of the feedforward control is equivalent to parallel virtual impedance at the output of VSG, so the amplitude
frequency curve of output impedance in high frequency band moves up, which can improve the grid connected current quality
under non ideal grid conditions. At the same time,the phase frequency characteristics of medium and high frequency band are
corrected from capacitive to inductive ,which can eliminate the risk of harmonic oscillation under grid connected conditions , and
improve the stability of interactive system. Finally,a hardware in the loop experimental platform is built to verify the correctness
of the control strategy model and related analysis.
Keywords : virtual synchronous generator ( VSG) ; background harmonics; grid voltage feedforward control ; harmonic lineari-

zation ;impedance modeling; stability of the grid connection
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