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Abstract: Addressing the issues that constant virtual inertia and damping coefficients in traditional virtual
synchronous generator (VSG) control strategies impede system flexibility , slow down the response speed,and may
cause dynamic oscillations and power overshoot phenomena under disturbances due to the introduced virtual
inertia, an adaptive control- fractional-order- virtual synchronous generator (AC-FO-VSG) control method was
proposed. Firstly, the influence of virtual inertia, damping coefficient, and fractional order on the system output
characteristics was analyzed based on the VSG small-signal model and Bode diagrams of fractional-order virtual
inertia. Subsequently, an adaptive fractional-order VSG control strategy was designed. This strategy replaces the
virtual inertia link in the virtual synchronous generator with a fractional-order virtual inertia link, thereby reducing
the system order. Concurrently, it employs an adaptive control function to dynamically adjust the system's inertia
and damping coefficients, increasing the freedom to adjust parameters. These two aspects work together, ultimately
achieving the effects of suppressing dynamic oscillations and power overshoots while enhancing the system
response speed. Finally, simulations were performed to validate the proposed control strategy under active power
command changes and frequency step disturbances. Simulation results validate the proposed control method's
feasibility and superiority.
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Fig.2  Small-signal model of active power—frequency control
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AU A LS5 3 ) R AR 58 VSG, FO-VSG,
ADFB-VSG, ADFF-VSG Fll AC-FO-VSG il 5
FEA FCT00 3 7R 1 R Geami 5 e 1o it e &1 18 i
o MEIHAT LB A & S8 VSG 2 i F1 FO-
VSG ¥ il , FR G0 e KN LU 48 4> 49.9 Hz
WELE, A 5 W 2548, 4351 2R 0.013 9 Hz il
0.007 1 Hz, i AC-FO-VSG ¥ il 5 W& 114 f5c K4 %
P 2540 FE AL 58 VSG 426l A FO-VSG il AR 1

83.5% 1 67.7% , #E AT A 0 I (] 445 2] 17 B
R Ik , AC-FO-VSG % ffill X Fb ADFB-VSG, ADFF-
VSG ¥4l , AC-FO-VSG ¥ il 76 i AFa A [a] 2
A0 A ARSI R E A 40 i)
ADFB-VSG, ADFF-VSG % il #F A %2 5 B 8] 1
42.9% F143.8%.

T
50.00 —vsa
- FO-VSG
---ADFB-VSG
N --ADFF-VSG
T 49.95 --AC-FO-VSG
-‘E?\,
4990 ———X—-=

2.0 2.2 2.4 2.6 2.8 3.0 3.2
i a)/s

B8 R[S R 1 R GEAR R L
Fig.18 Frequency comparison under different control strategies
53— , AKX ADFB-VSG, ADFF-VSG
P 88 ke B ey, BRI 0,12, 7E3X — 52 S50
AR R R A, ROk T R e RS
ARV BCI 1Y S5 80P A SO R IS BN [
i 5 AC-FO-VSG Y sh 250 b 5 L .

4 Zw

G AR AL (VSG ) i i [ 1 ki $OUL5 e 5
BELJE 22 A9t i 338 08 001 %6/ HL P S PR T (R G
T RGE R, 51 k& B s AR S 20 TR Ik
D SR BN S ARG . BT LR,
AR SCRE A 3E R 53 B0 VSG (AC-FO-VSG) 2 il
KA A BESIT .

1) et [ 38 I 5 1 5 s T FO-VSG 45 il 3
DB R A SERP VL EE R g T AL, 3 m T
FO-VSG ¥ S50 [ iR B

2)TEALSE VSG Ay FEAl [ 51 A4 B0, 18
1 T A3 B BOR A AL T FR AR R R, DT A %
WA DRIk SR AR, B ERA R
SAE B A P AR TP AP B Be

3) T4 AC-FO-VSG F il 5 WK B 18 o 4 il
5o B ARG A 2E T A S B0 i R A
Ao ARG, M TR 58 VSG $a il 5 B hill 7 Ko
VSG #E i, 3 T R R SECH L AR
il T T AR 5 A A i g A e N ST A
SIATERE PSS - TS HERE w28, B5R I M A
FEPE S

4) 85 BT, BT AC-FO-VSG #3i 5 m

33



B A AES 20265F H 564 F 9

AR T B E a6 5 U B MR P AL R

AH#E T ADFF-VSG F1 ADFB-VSG % il 314 41
SAVERE 75 R GEA TR0 5T A2 85 K At 2%
FIE 2R GE R B T E A RS S I a] v #5045
Sk BH e

S5 30k

(1] X0k, S b, B AR A5 JE TR BT A UL IR 25 R i L

R E ;a%‘fi%ﬁ?&kﬁfﬂlﬂlﬁulﬂjj. BT AR, 2023, 38
(15):4130-4146.
Liu Xin, Guo Zhibo, Jia Jiaoxin, et al. Stability analysis and vir-
tual impedance design of virtual synchronous machine based
on sequence impedance[]]. Transactions of China Electrotech-
nical Society,2023,38(15) :4130-4146.

[2] Wang W K, Yao W X, Chen C, et al. Fast and accurate frequen-
cy response estimation for large power system disturbances us-
ing second derivative of frequency data[J]. IEEE Transactions
on Power Systems,2020,35(3) : 2483-2486.

[3] Fang H W, Yu Z W. Control of virtual synchronous generator
for frequency regulation using a coordinated self-adaptive me-
thod[J]. CSEE Journal of Power and Energy Systems, 2024,
10(1):175-184.

(4] EEMS, BTG MR E AR L AR D A A B R AR R
A BE L. TP E AL TR, 2014, 34(16) :2591-2603.
Lii Zhipeng, Sheng Wanxing, Zhong Qingchang, et al. Virtual
synchronous generator and its applications in micro-grid[J].
Proceedings of the CSEE,2014,34(16) :2591-2603.

(5] 2%, WL R T etk B ke 400 1) A0 2 v AL IR S SR 2 3 [
LN (X ,2019,56(3) : 133-138.

Li Jun, Hu Chuanyi. Power control based on improved virtual
synchronous generator[J]. Electrical Measurement & Instrumen-
tation,2019,56(3) :133-138.

(6]  Ahp, ZE5F R, PRI T . fol e oo e 0 ) R BB A3 4% il B

WtLJ]. L F g A i1k, 2011,35(23) :26-31, 36.
Du Wei, Jiang Qirong, Chen Jiaorui. Frequency control strategy
of distributed generations based on virtual inertia in a microgrid
[J]. Automation of Electric Power Systems, 2011,35(23) : 26—
31,36.

[7] Alipoor J, Miura Y, Ise T. Power system stabilization using vir-
tual synchronous generator with alternating moment of inertia
[J]. IEEE Journal of Emerging and Selected Topics in Power
Electronics,2015,3(2) :451-458.

[8] Wang F,Zhang L. J,Feng X Y, et al. An adaptive control strate-
gy for virtual synchronous generator[]J]. IEEE Transactions on
Industry Applications,2018,54(5):5124-5133.

[9] Shi R L, Zhang X, Hu C, et al. Self-tuning virtual synchronous
generator control for improving frequency stability in autono-

mous photovoltaic-diesel microgrids[J]. Journal of Modern Pow-

34

[10

[12

[13

[14

[s

[16

[17

[18

|

|

|

|

|

|

] 227k

—_—

er Systems and Clean Energy,2018,6(3) :482-494,
Li D D,Zhu Q W, Lin S F, et al. A self-adaptive inertia and
damping combination control of VSG to support frequency sta-
bility[J]. IEEE Transactions on Energy Conversion, 2017, 32
(1):397-398.
Li M Y, Huang W T, Tai N L, et al. A dual-adaptivity inertia
control strategy for virtual synchronous generator[J]. IEEE
Transactions on Power Systems,2020,35(1) : 594-604.
Shi R, Lan C, Dong Z, et al. An active power dynamic oscilla-
tion damping method for the grid-forming virtual synchronous
generator based on energy reshaping mechanism|J]. Energies,
2023,16(23):7723.
FEE T 2B R 2 5 0 B I (M. B0 B2 A
#t,2018.
Xue Dingyu. Fractional calculus and fractional order control
[M]. Beijing:Science Press,2018.
Aok, REtE, EED, 45 . AT A DB RO E R
AE VSG JF 16 A7 Ly b 5w [J]. H00 B BB 5, 2024, 44
(2):204-210.
Shi Rongliang, Yang Guihua, Wang Guobin, et al. Grid-con-
nected active power response strategy of energy storage VSG
based on active power fractional differential correction[J]. Elec-
tric Power Automation Equipment, 2024 ,44(2) :204-210.
ST, RN L I 50 2 3 R K DL A R A1) 20
UL IFEAR D). il 5 3R, 2021,36(2) : 463-468.
Zhang Yunning, Zhou Xiaomeng. Virtual synchronous genera-
tor control technology with fractional virtual inertia for grid con-
nected inverters[J]. Control and Decision, 2021, 36(2) : 463—
468.
Long B,Li X Y, Rodriguez J, et al. Frequency stability enhance-
ment of an islanded microgrid: A fractional-order virtual syn-
chronous generator(J]. International Journal of Electrical Power
& Energy Systems,2023,147(2) : 108896.
SRR W SRR, A Sl AT A HLRE DA VSG 42
SEHEL)). HLRIEEAR ,2022,46(4) : 1421-1429.
Lan Zheng, Long Yang, Zeng Jinhui, et al. VSG control strategy
with transient electromagnetic power compensation[J]. Power
System Technology,2022,46(4) : 1421-1429.
AR, BB PR, A5 2 R ) R A R LA S T
AR 0 SR W (1], LD RS A Bk, 2022,46(11) 1 131-
141.
Lan Zheng, Long Yang, Zeng Jinhui, et al. Transient power os-
cillation suppression strategy of virtual synchronous generator
considering overshoot[J]. Automation of Electric Power Sys-

tems,2022,46(11):131-141.

Wk H 4. 2025-06-26
ks H Y 2025-07-17





