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Inertia and Damping Adaptive Control Strategy Based on Virtual Synchronous Generator
SUN Yuxin, WANG Peng, SHI Kai, XU Peifeng

(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu , China)

Abstract: In recent years, due to the wide application of distributed power supply, virtual synchronous
generator (VSG) technology, which is suitable for micro-grid and off-grid operation control, has also been widely
used. In order to improve the frequency modulation characteristics of virtual synchronous generator, an adaptive
virtual inertia and damping control scheme was proposed. The influence of moment of inertia J and damping
coefficient D on the stability of the system was analyzed by establishing the mathematical model of VSG, and the
cooperative adaptive control strategy of inertia and damping was obtained by improving the traditional VSG control
strategy, and the parameters of the adaptive control system were determined. Finally, the model was built and the
simulation experiment was carried out in Matlab/Simulink simulation software, then the results verify the feasibility
and effectiveness of the proposed control strategy.
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Fig.3 Power angle curves and angular velocity curves of VSG
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Fig.4 Adaptive control schematic

3 AHERE

— BT, VSG R E
FELJE R B D AR R B —- B R G0 B L3 5E

Signal T,

BTN B A

il R GehE
38

R ARATEC LR o7 3 B RIS/ N T

3.1 WESHK MK,

MRS 255 A Dh R i pR e (3) (A (4) 7]
LATS BIAS [R5 sl i J FIBHJE RELD R A D3R
*Emlvlﬁ“%ﬁmﬂ 5HTR o

150

ool EEEs J=0.01 . x;,(.xxw‘?

----- J=0.05 P :

500 ceeee J=0.08 .’—’

g to D256 P4

Sl 5 D=33, —5 'i.,\ D=6.6

-50+ *x . \ .t_

-100 : N

-150 ‘ , ‘ ;

250  -200 -150  -100  -50 0 50
S

K5 [ FD AT DR AR L
Fig.5 Root locus with different J and D

S o LU F, 24 J 435024 0.01, 0.05 il
0.08 I, D M 0 38 K F TCBR KR AR BT o s, Fll s, 2
R G — % B AR e BEE] o Sk PR 19 7
)3z 2y, [F] 2 D N 0 Z2 18 34 iy J5 1] . ] LA
R, BEA DRI, s, R s, [R) B 1) 52 SF 18T 19 2
R gl , GLHI LI RGER S B ERER L, RGUAL T
KRB IRZS , W8Ik , A — i 1A ; {H B
& D IARSEE A, s, R s, M TE S 2 5 B
A8 0, IR T B4 J2 2R 8 A4 i S REL T2 RS 5 dn
e D ARSI 5, Bl s, K AE S E AR 527 1)
B4, W RGEAL T R, SE RGN
P BN, PR RECD AR oK. Ul Ab
—J5 1, NETR AT LR B, B TR, AR AR
s, Fll s, 19 53 85 252 8 T 0, RIS 8 1) g Sl 5 5
T S R 0 0 O 7 T AR R I Sl R

AER R,

SCHR[41HE S T A5 TR D 22 ) 2 5 AR
FELE T R D BRI o PRIHAS ST 4 i 1Y
T 1) SREWES 1140 S 15 e R BELJE AR I 08 SR (4]
SO BGE L, AT ), D,

= (7) AT A6 E%ﬂl&ﬁlﬁﬁw?zﬁzuﬁfljﬁ

koo Jm o
DA (dfdi) T,

D,.. - D,

Af (dfide) ],
ﬁ/&fﬂ}%ﬂﬁ%&sms,KD<3.05,E1$ﬂ@ya*ﬁ§ﬁ
RNE S A5 R AT 2P B € o

6 Ry 2 48 A2 D AR A0 Shind i 43 A2 4k il
2o AEXTI L RIBEJE 1 REGHA TR E B, o
JEHT K,=0, 4 BIEEHU K, 24 0.25,0.50,0.75 F1 1.00,
ES W 2R IE Siin LNINE TR S i S S

(8)



INFH,F AT RBE F Z AR E AL B & 45

wAEF 20215 HS51E F21H

Ro M 6a sh il L& B, B2 K, B3E K, AR A
AR AL R R I AR g (R R AR B AR R T, H
4 K,=1.00, RV A 80 2 0 N8 40 0 S B A 5 9K
JE VAT K=0, 43 L HUK, R 1,2,3 fild, R KA
TR Bl i A R AR Ak il £ 4n 1 6b BT, MIE 6b
TR LU B 008 0 IR e A B T W] i R
%, AF 2 2 LR S 008 3 1 Y L 5 Y
JARAAR T o PR3 SRR 4 LA 5 SR, e HEIRL
R SR A T S B

50.30
50.25}
50.20(K,
~ 50.151K,
5'5\50.10
*50.05¢
50.00
49.95}

1.

24 25

50.30
50.25¢
50.20¢
~ 50.15F
é‘i 50.10F
*50.05}
50.00
49.95¢

1.9 2.0 2.1 2.2 2.3 2.4 2.5
t/s
(b)K,=0

Bl 4 K, K K, i R G (il 2
Fig.6 System frequency change curves when adjusting K; and K,
32 WMESHIT,T,
VSG IEH BT, R GE RN R 247 88/ U
3l (HIE R AR FIF AN RE WS Zig AT T AE
SR TR T i 2 T R R, R W 2 5 R AT F A
5 A A DD 0 O, Okt G E RIS AT I Y iR AR
Y, T,—RE BER T VSG 1E #3128 17 B4 5 i 22 2 %
PR KR, RIS 1 v 38 Y R G A B, T,
ANBEAR K, PRI I 5 0 ket S iR R MR R AT A5
R 22 B T, R BT 45

4 A5 AKIE

Shy S I A S i A ) B 1) I A P A K
P, A SCAE Matlab/Simulink {7 ELREE G5 6 T
5 VSG I M5 BALH , (fEARGMEES
A < LA L V, =800 V, B EL R U, =220
V., BUE MR f,=50 Hz, IR R L,=4 mH, K]
X L,=0.8 mH, JEIE HLZF C=10 puF, FF A £=10
kHz, J=0.07 kg-m*,D=4.62 N-m-s-rad” ,K,=2,K =
0.5,7=2.5,T,=0.015,
AR AT E AL Ay - VSG Stk

(FRiACIE

1.5 s AT IR L e BT A D % AR AR sl
RGMIFETE, (F ELATH R 3 s, Hid 2 s DL VSG
25 RE R A IR R 10 kW, 76 2 s REA TR
MM 14 kW, 7E 2.5 s IKIEE N 10 kW,

P& 7 R ANl il SR s T VSG B A DhT R
S VSCIEFFMPIRAT 762 s Tl 10 kW
TN 14 kW, BLIF D He s e Al i . AL Gett i
BEJCF 1 | A 38 W 4 il 3 N RTBE e
P 45 0 A 2 D I = o 14.28%,
10.86% F1 3.28% 5 F1- UMK S e o il it I [] 43 i) oA
0.225,0.20 s F10.14 s, TE552.5 sUIHRMKE ) 10 kW
B, [RIRE O] LU 21 [ 38 705 5 A BE e D 4 il i)
A Ty ) R 5 e A RTE T B[R] B s . Rt
Al IS RN Z548 M DR R A s i, A
FIBEJE 4561 T LA 8800 il D 1 335 o

1 TG A
- NS £
13
Z2 N AR
S e il
10+ e
9
8

1.9 2.0 2.1 22 23 2}4 25 2.6 2.7 2.8 2.9
t/'s

K7 EAUIEE R LR A SR ARt £k
Fig.7 Active power curves of VSG

P&l 8 Sy AN [] 42 il 5 W T VSG iy H 451 % 114 A
Xt b . 7E56 2 s DR A A2 g
REJE ¥ il . B 38 N s il 5 A 5 5 AR e
J il ) i A 00 22 43 31 R 0.34 Hz, 0.18 Haz Al
0.09 Hz, WI LAZE 21, 17 W 158 6 3 1l i 6% A 3%
b 00 ) A5 258 198 A5 F8 R /N R VRS B R ZE
ABHJE 1 A 38 B il e, o — 25 00/ T 83 1
M 22 30 BB, R4 08 1 R TR, 58 4 R E AR

FERARE
50.4
50.3 EHERAN
o FUE R H AL B
T 50.0]— e N
™ 49.9
498
49.7
49.6

1.9 2021 22 2.3‘2/.4‘2_5 26 27 2.8 2.9
t/'s

K8 AR R LR AR 2 5 2k
Fig.8 Frequency oscillation curves of VSG

& 9 fif /s R VSG & A= 4t 3 Je B9 1 48 % 3
R A RE JE R B 1L KN, BT R AR A 4
Ab 1Ry dfrde A8 b B K, 1 BRI & R BH JE #R AE

2.04 s i A A — A M (HARTE R GG E AL
14 7 Bl N o

39



wAEF 2021F £51% FH204

INF A T R B F A S A IR A LR A 36 B A A

NE 0.3.
i‘) L
= 0.2r
S F
0.1p 1

1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

t/s
(a)t ity
s
£55
E
Z s
)

4.5
1.9 2.0 2.1 2.2 2.3 2.4/2.5 2.6 2.7 2.8 2.9 3.0
t/s
(b)FHJED

B9 VSG 15 FRH e 281k i £k

Fig.9 The variation curves of VSG parameters J and D

P 10 JI1 7 Sk VSG 76 A ) 4 il 5 1) i
HL I T T He , Herb, 1 10b A 8] 10a Hh g 2R AE 3
YRR . FTLAER B, S R G K%
AR Ty BRI AL Ge A % VSC it F A &
KM G MG B E R, TS SCHE M 1Y) 1 3 N A O
WS F36 0% A7 3 b A1 ] P O 1 28 1 RN R i P AR
Hivi 3

50

25

0

I/A

-25

-50
50

25

I/A

0

-25

-50 : : :
0 05 10 15 2 25 30

tls
(a)fi H LT

FIAEREA L

-100 . . . . . . A
1.9 20 21 22 23 24 25 26 27

t/s
(bR R

10 AN L H
Fig.10  Comparation of current among different control modes

40

5 4

Bt xt oA SO IR ORI R e T ) R 3
A A A REUE T ) AL, AR SCHR M T — Ao L A 1 O
JO7 K FUMABE H R BEL S i SR, A3 B LR 4548

1) 455 5 sl 15U T BH JE 2 800 30l Xk R G s
SE VR R0, I3 1 3 B VSG 1) D) A
ARl 2 Fe AT B O VR A REL S A9 5
VI

2) 3 1o Xy LA B A P B AT e A s e]
IR BN S50 - 5L 500 VSG 456 5 M0 [, 4% 3C
e 48 1 FR) 3 04 A S AN 5 mT LLAI 8 R 1
ARAH B, A RERS AR AR (i 22 12

3)ARTC R B VSG D R YL 3 1 Bl vt
THFSE IERIFEZ & VSG I BRI 3L, 3X
TE S PRI 4 T RIS T7 10 YL

fr
1

Bk

[1] EFUE, B3, Bk A JCBURER A [R5 VSG 42 Hil SRM (1], i
S4%5)),2020,50(9) : 83-88.

[2] Ak, TR0, BARNS, A foE B OREER ). h E L TR
%:4R2,2014,34(1) :57-70.

[3] Zeng H H, Su H S. Self-adaptive control of rotor inertia for vir-
tual synchronous generator in an isolated microgrid[C]//Journal
of Physics, Conference Series 2019, 1187(2) :1742-1746.

[4]  Zemy, B ARMS, ZE 04, 45 A B A AT AR T RESULIR] 2 R H AL
B S AT - FHR ,2019,43(10) :3743-3753.

[5] R, AE BRI A T F R AR 4 R UL 2
KM ISR B ) A ki, 2018,38(12) :79-85.

[6] FHMEFR AL %, E W, 45 . B ol AT 2l A il 17 ) R 0
[ 25 & v AL A 15 d 5 0 O R ). i LR B R, 2018, 44
(7):2346-2353.

[7] A A, W IE, A AU e PR A - I S A
I RS A 31k, 2015,39(19) : 82-89.

[8] XUSE, BREA , /IR, 45 BT 1 38 N R FMBL PR (9 1o F T 3l
AR AE T S )], L R B A B, 2018,42(9) 75—
82, 140.

[9] ZEZRAR, ARERME, BE AR, A5 T B I 1B B2 2 5o
B B4 M UL 1) 20 e WL R SR ). HL O A Sl A A
2017,37(11):72-77.

[10] AR BF, RO, 55 G300 306 718 8 1) VSG 7 gl 1 AN RHL
JERBAERERI] I RS A 301k,2018,42(17) : 120~
129.

WO H 39 : 2020-04-08
& ek H 9 :2020-05-02





