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Fig.1 Topology structure and control strategy of grid type photovoltaic energy storage system
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Fig.2 The control of VSG active
power frequency regulation
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Fig.3 The control of VSG reactive
power voltage regulation
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when the power command changes
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when the power command changes

<t i R s VAT IR AW

P il 0.09 1.471

0.25 s, 20 kW .
BTS2 30 kW {4 SM-ADRC 0.07 1314
i SM-ADRC 0.04 0.950
PIFE il 0.11 1.517

0.45 sitf, 30 kW
’ 4 _

BEAE T 15 KW f£4:SM-ADRC 0.09 1.490
ik SM-ADRC 0.05 1.240

42 HiRnS&BIENSNAE

WITA L D EIRBRIE A 1000 W/m?, JRE K 25 C,
i 3 % B S5 R B A B AE, XF L=, {558 SM-
ADRC 53 ki SM-ADRC £ W& 1) VSG Hidl 1
REFEAT 434, HOG IR JE Bk A2 45 2 M HE 0 s—0.2 s



2 HEHEAR 76

i, JERBREE A 1000 W/m’s 76 0.2 s—0.3 s I, JGIR
B8 BE S 800 W/m’; 1F 0.3 s 2 45 BB, Ot HR 38 i Ky
1200 W/m®, JREEHR 4 RHTE 0 s—0.4 s, IRIE R
25 °C; 1E 0.4 s—0.5 s I, JiJE A 35 °C; 7E 0.5 s 4%
AT, R 15 C
16 3 ORI 4= 5w T, B BE 2 H R ug, 7E
BB B 5 I R O T R A LA SR LA 12,
1 606 1612

1598 1 604
1596
0.48 0.50 0.52 0.54 0.56

1590
0.38 040 042 044

1 640
> 1620
21600
1580
1560

020 025 030 035 040 045 050 0.55
t/s
—— P& — £%SM-ADRC — i3 SM-ADRC

12 HRE 5 5IE B bk 35 a2k ra T 46t i 2
Fig.12 Bus voltage output response varying light
intensity and temperature

XF LR 12 (9 07 B 45 S AT 0, P45 il SR s 1 48
HilPERE A PR, 7EIRE 50 B AR RIS, X g, 1945
AND7 AR %58 SM-ADRC 5 PI 4% il 15 2 1Y
S5 RIE L T WX L, £ 48 SM-ADRC 75 # 4 & |
WSk B 5 80t A LT PT A& 5 S 4R A
Uit SM-ADRC 3 W& AH 4 T 1% 4t SM-ADRC, i#f —
N T G REGER B 5 IR B AR AT wg, HORZ IR, ELAR
FIPERE G an e 5 iR .

*®5 ZBEESEENRTHESZEEESE

Table 5 Transient change of bus voltage when light
intensity and temperature sudden change

BeAs 4 4 P g WA HEERY
P il 0.07 25
ik SM-ADRC 0.03 8
P il 0.08 31
P #ESM-ADRC 0.03 9
PIFEH 0.04 8
%J:;g % 32 55 :CC 144:SM-ADRC 0.02 5
2t it SM-ADRC 0.015 4
PI il 0.06 10
i SM-ADRC 0.02 3

5 SEIGTEIE

g T P B UE S S B R SR, X PT
o5 SO RN T T Y S g
TE . SEE0HeE g 13 frn, Ho 32 i g a Al is 17
T SEIH)T EL 2% (HIL MT6020) H, 48 5H1] e B 3820 i 2%
A RCP 1050 ¥ il &% H, H T4 Ly x £ n iz 17,
I J 8 R A Y o SER S HOR SO
HBH, iR 2 S0 5 —M.

E—k | DA LAl

! — —”‘“"-r‘f/-| T [r—

&al T

P R HEE AL

| Simulink b .. - TCP/IP
/ A%

=]

RCP1050 U-IE5  HIL MT6020

N &

13 KW FHRE
Fig.13 Schematic of the experimental platform
51 BAWHEESEU
14 A7 I 2345 A8 LI B 26 il TR BB AT
0L, R 7Ok S 0 B 42 3 S PR O, SR TR

1870 O 1148
" %0 s 120 kW
1770 | 100 kW e = = 1108
I 80 kW :‘330 ms
> 1, J B
31670 i lesoms 188 =
N 1 | ms b
1600V 1. — Q"
1570 F -~ N 28
" 700 ms
1470 . . . . 12
400 1200 2000 2800 3600
t/ms
(a) PIFZ
1870 o 1148
P. 155 mL;‘“ 120 kW
1770 | 100 kW 277 ﬁ/f:"m 108
5 E 80 kW :150 ms =
31670 ! :31011’15 168 4
s 1600V :4*'1 Q)
1570 + - Ll {28
380 ms
1470 . . . . -12
400 1200 2000 2800 3600

t/ms
(b) XESM-ADRC

B 14 hEREFSTUMBLREELWIERE
Fig.14 Experimental waveforms of bus voltage under the
change of power command

& 14(a) ky PLAE IR M SLIR 4521, 408 2 By
Bt 1 BYES, Pl 100 kW &% 80 kW, I P, 5
ug WPEFASTEREZE, BASTR]53 524 280 ms 5 700 ms,



77 WIRIE S S T E SO B R I RO fif R Gt A e

BN 5.6 kW 5 23 V; 55 2 BrBt, P, /1 80 kW Tt
2 120 kW, b} P, 5 uy, BYETZSEFIE] 43514 330 ms
5 680 ms, MM 12kW 547V, E 14(b) A
Tttt SM-ADRC K SE 345 R, P, A IH 2 LT
ATLLZBEANTT . 26 1 BYES, P ug, MR 2SI [R] 43
H124 155 ms 5 380 ms, u,, (T 7 V; 55 2 i EL,
P. 5 ug, BEFASES 535120 150 ms 5 310 ms, uy, 1Y
I EN 15 Vo 5 PLEEHIA H, SCH Bt SM-
ADRC RIEHE S TSI TERE . 55 1 BB, SCrh il
AT PLAE I, P 5 g 098 A 1] 23 590 sk 20> 1
44.6% 5 45.7%, ug WRB R FEIL T 69.5%; 56 2 B
Bt, 3C b B ¥E SM-ADRC # [t F PL#E#l, P. 5
uge MEFASHHE) 43 A>T 54.5% 5 54.4%, uy, WA
PR FEAL T 68%.
52 }EREEIRSTH

& 15 R B i B AR (L st R 2R L R A2 1 T 0 o

1725+ i, u,, 1679
1625} 1600V ~— 1479
> _— —
< 1525} 720 ms* 608 ms 1279 <
= W ~
263.5A
219A
1425 ¢ 172.5A 179
1325 - - - -121
400 1200 2000 2800 3600
t/ms
(a) PI#% il
16967 i ", 1707
1600 V
1596 T — i = { 507
> 10 320 ms
<1496 | 340 ms 1307 <
BN s
2635 A
1396 21947 17254 {107
1296

. . . . -93
400 1200 2000 2800 3600
t/ms
(b) H3ESM-ADRC

B 15 XERBETUMESLEEIEIEE
Fig.15 Experimental waveforms of bus voltage under the
change of light intensity

TEE 15(a) i, PLAE T A2 56 508 2 BB,
551 BB, G IREE FEE 1 1000 W/m® FE R 800 W/m’,
i H1 219 A BN 172.5 A, uy BB ZASETEY 720 ms,
FEE N 24 V5 55 2 BB, SR IEGRIE H 800 W/m® T
M 1200 Wm?, iy, 1 172.5 A T4 263.5 A, ug, B9
AWFER 608 ms, M A 32 V. 7EE 15(b) 17,
SCHRRERI R AOSS 1B BE, g ARSI E] A 340 ms,
8 IH N 6 V, T el SM-ADRC #H Lt T P1#&#
i, S I T 52.7%, W EFEAR T 75%; 4
2 BB, ug AUEEZSHTTE] A 320 ms, #RIH N 12V, X
Hi it SM-ADRC # HL T PI 45 i, 27 75 i [] i /0>

T 47.3%, B EFEMK T 62.5%, 1EK 15(a) Fl(b)
H i, BT 5 TR S AR T LA 22 AN

6 4it

N T PR BN R SR TERE, SCR R T
— Pk SM-ADRC S, ISR IEKE A2 SR ESO 5
SRR AR 45 4, T FOESO, LA R iy UL il R
JE o el s b T EA SBR[ b B S T2
MRS, ILAh, Btk SMC #2517 R eI SiURs
PR AR, JF 2E— 220858 T SMC Y Bk BE
Zo G O AL, 1R8] LU 4598
(1) fED R 5L T, W L PLEE ] | 158 SM-
ADRC 5 3P 2 H 9 e SM-ADRC. 455 % W],
SCrP R AR SRS AR T A 2 R T i,
FTARTH T RGN ASTERE, (R 1 RGN X IR
RAL I BA AR E T o
(2) 75 B RE AR E PERY S UE T, B4 T 2 Fif
SRR B DR 2R, 5 HAt 2 Bl i S ms AT
TYEREXT oo SRR, SO 4 H A4 ] SR s AR Ak
FAPAE LN, AR08 A T B AL TR 9
gy, AR S T RS AR I IA), DA e A 19 Dl
filf RGUAY AT
X IR ST IE, K 70 BUA 42 i SR s FE b 15 1A
T[4 ) 5 P, LA DR A L TR T U e
Hh P AR A e L [P
B
ALFERBHEIRFHALLENIHNALTA
(SLGYCX2404) 3t 8, i# b B it !
B % 3Lk
(1] ZEwe e, 32, EL4eIK, 55, 5 8 n T4 B R A Y 2 S
MMC 22 F i 1 43 7 45 0 3 42 (0], o] 7574 RE IR, 2024,
42(5): 675-684.
LI Xiaoping, YUAN Zhi, WANG Weiqing, et al. Coordinated
control of multi-terminal MMC AC/DC hybrid system consider-
ing renewable energy access[J]. Renewable Energy Resources,
2024, 42(5): 675-684.
(2] FIE, XU, BN, 4. v LU BT P A RER B ) ZR TR il TEe
e Z s AT ] o Rg R SR, 2024,
52(18): 112-122.
HE Ping, LIU Xin, GONG Zhijie, et al. Hierarchical optimiza-
tion operation model for joint peak-load regulation of source-
load-storage in a high proportion of renewable energy power
system[J]. Power System Protection and Control, 2024,
52(18):112-122.
ZRAT, TR, TP A RE IR 22 Tl IO 2R 8 07 A AT 5 4 o e
(7], AP AR, 2023, 41(5): 699-704.
LI Hong, REN Yongfeng. Load frequency control strategy of

[

(3


https://doi.org/10.3969/j.issn.1671-5292.2024.05.014
https://doi.org/10.3969/j.issn.1671-5292.2024.05.014

& AH) ALK 78

(i)

(4

(5]

(6]

(7]

(8]

(9]

multi-microgrid systems containing renewable energy[J].
Renewable Energy Resources, 2023, 41(5): 699-704.

A, BN ER, KRR, S R RE BT R Sl T A R IRATLALIT
R o B P i (0], WD RGO I S R, 2023, 51(10):
142-152.

GAO Changwei, HUANG Chongyang, ZHENG Weigiang, et al.
Low voltage ride-through control of a renewable energy unit
with virtual impedance braking[J]. Power System Protection
and Control, 2023, 51(10): 142-152.

HE K, TANG Y, HU M J, et al. Sub-synchronous oscillation
suppression strategy for virtual synchronous generators based on
dual-loop sliding mode control[J]. Sustainable Energy Tech-
nologies and Assessments, 2024, 65: 103794.

MR B, SR, 2R, A B TR S IR (M1 RE U] 25
R HUHLIG LR S R (D). o TR, 2024, 43(3): 42-
51.

CHEN Zhiyong, DONG Xinwei, LI Chuanhui, et al. Low volt-
age ride-through control of virtual synchronous generator based
on phase and amplitude compensation[J]. Electric Power Engi-
neering Technology, 2024, 43(3): 42-51.

ZHU Z B, SUN S M, DING Y M, et al. Reserach on VSG
LVRT control strategy of photovoltaic storage microgrid[J].
Journal of Electrical Engineering & Technology, 2024, 19(7):
4059-4071.

i, MRE B, 2B, 55 25 IR AR R A ) L AR gAY Ik
FRZFBeE R L], i R 515, 2024, 52(15): 1-13.
FU Yang, CHEN Yujin, JI Liang, et al. Low voltage ride-
through control strategy of a grid-forming inverter considering
power decoupling[J]. Power System Protection and Control,
2024, 52(15): 1-13.

BIART, LR, IS5, A5 M IR 2 W BEAS JBL -5 ik
(0], B RHAR, 2024, 50(2): 590-604.

CHI Yongning, JIANG Bingwei, HU Jiabing, et al. Grid-form-
ing converters: physical mechanism and characteristics[J]. High
Voltage Engineering, 2024, 50(2): 590-604.

[10] BBLL, #—H, & T, 5. 3L T RBF-LADRC W HE [R5 &

LB I g L], K FHRES I, 2024, 45(3): 319-325.
YANG Xuhong, YANG Yijin, PAN Yu, et al. RBFnn based
linear active disturbance rejection control for virtual synch-
ronous generator control strategy[J]. Acta Energiae Solaris
Sinica, 2024, 45(3): 319-325.

(1] 3K A1, AWK, FREAR, 5. 2T NIRRT TG

g D) R4 SR 5% 945 SR [J/OLD. b vy K224 (1 4R
2 W) : 1-12[2024-08-10]. http://kns.cnki.net/kems/detail/13.
1212.tm.20240918.1726.002.html.

ZHANG Zili, DIAO Yafei, TIAN Zhijie, et al. Flexible grid-
forming control strategy for photovoltaic energy storage system
based on adaptive moving particle swarm optimization algo-
rithm [J/OL]. Journal of North China Electric Power Univer-
sity (Natural Science Edition): 1-12[2024-08-10]. http://kns.
cnki.net/kems/detail/13.1212.tm.20240918.1726.002.html.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FE, XAk, XS0, . ST YURASS AL ) R4
P IER ALz h s (1], v = HL 7, 2024, 57(7): 12-20.
WANG Xue, LIU Lin, LIU Wendi, et al. A novel inertia delay
optimization control strategy for new power systems based on
crisscross optimization[J]. Electric Power, 2024, 57(7): 12-20.
TR, I, EARAR, & B TR VSG #ahiiie B
TE R L], AT, 2021, 55(1): 40-44.

ZHANG Tao, ZHENG lJiaqi, WANG Fudong, et al. VSG
moment of inertia adaptive algorithm based on fuzzy con-
trol[J]. Power Electronics, 2021, 55(1): 40-44.

MA W J, GUAN Y P, ZHANG B. Active disturbance rejection
control based control strategy for virtual synchronous genera-
tors[J]. IEEE Transactions on Energy Conversion, 2020,
35(4): 1747-1761.

KHALILZADEH M, VAEZ-ZADEH S, RODRIGUEZ J, et al.
Model-free predictive control of motor drives and power
converters: a review[J]. IEEE Access, 2021, 9: 105733-
105747.

LI K, DING J, SUN X D, et al. Overview of sliding mode
control technology for permanent magnet synchronous motor
system[J]. IEEE Access, 2024, 12: 71685-71704.

MENG F W, LIU S, LIU K. Design of an optimal fractional
order PID for constant tension control system[J]. IEEE
Access, 2020, 8: 58933-58939.

%, R, BOTE, . OR 2 IREI W AE g kA
SMC+LADRC HL i A FR £ SR sk 5 (0] 3 2 7, 2023,
51(4):107-114.

SHI Lei, ZHOU Hongtao, ZHAO Yuanshen, et al. Iterative
SMC+LADRC current inner loop control strategy of photo-
voltaic multi-function grid connected inverter[J]. Smart
Power, 2023, 51(4): 107-114.

SEBRIC, FOME, 25 . PO T ANLI A 3 BTl a4
L 0] AL S, 2022, 29(1): 93.

WU Yuewen, ZHENG Bochao, LI Hui. Attitude controller for
quadrotor via active disturbance rejection control and sliding
mode control[J]. Electronics Optics & Control, 2022, 29(1):
93.

FEPRAE, A, L, 4. =AEACHS T Buck 84 251 =5
Wi B BT ® L/OL]. W 1 R K H: B s b A 4R 1-8
[2024-08-10]. https://doi.org/10.19635/j.cnki.csu-epsa.001530.
WU Qinghui, SHEN Shiwei, CHENG Kai, et al. High order
sliding mode active disturbance rejection control for three-
phase staggered parallel Buck converter [J/JOL]. Proceedings of
the CSU-EPSA: 1-8[2024-08-10]. https://doi.org/10.19635/;.
cnki.csu-epsa.001530.

ZHAN Y L, LI X M, TONG S C. Observer-based decentra-
lized control for non-strict-feedback fractional-order nonlinear
large-scale systems with unknown dead zones[J]. IEEE Trans-
actions on Neural Networks and Learning Systems, 2023,
34(10): 7479-7490.

ZHANG T R, XU Z, GERADA C. A nonlinear extended state


https://doi.org/10.1016/j.seta.2024.103794
https://doi.org/10.1016/j.seta.2024.103794
https://doi.org/10.1016/j.seta.2024.103794
http://kns.cnki.net/kcms/detail/13.1212.tm.20240918.1726.002.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20240918.1726.002.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20240918.1726.002.html
http://kns.cnki.net/kcms/detail/13.1212.tm.20240918.1726.002.html
https://doi.org/10.3969/j.issn.1000-100X.2021.01.012
https://doi.org/10.3969/j.issn.1000-100X.2021.01.012
https://doi.org/10.1109/TEC.2020.2991737
https://doi.org/10.1109/ACCESS.2021.3098946
https://doi.org/10.1109/ACCESS.2024.3402983
https://doi.org/10.1109/ACCESS.2020.2983059
https://doi.org/10.1109/ACCESS.2020.2983059
https://doi.org/10.3969/j.issn.1673-7598.2023.04.015
https://doi.org/10.3969/j.issn.1673-7598.2023.04.015
https://doi.org/10.3969/j.issn.1673-7598.2023.04.015
https://doi.org/10.3969/j.issn.1671-637X.2022.01.020
https://doi.org/10.3969/j.issn.1671-637X.2022.01.020
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.19635/j.cnki.csu-epsa.001530
https://doi.org/10.1109/TNNLS.2022.3143901
https://doi.org/10.1109/TNNLS.2022.3143901
https://doi.org/10.1109/TNNLS.2022.3143901

79 BAYRTE 55 T TSI AL AL I ARG Af 2R S8t A Pl
observer for sensorless IPMSM drives with optimized Control Theory & Applications, 2021, 38(6): 766-774.
gains[J]. IEEE Transactions on Industry Applications, 2020, [26] &HET, ki, &, & &t AR S 8oL e ekt
56(2): 1485-1494. AR B o3 A (0] 5 BEE 5 0%, 2018, 35(11): 1648-
(23] VR, ZRINE, 547, 55, MBS BT R 1653.
FH . st RBESE RS0 (D). B AR, 2024, 48(6): 2237- JIN Huiyu, ZHANG Ruiqing, WANG Lei, et al. Root locus
2250. analysis on parameter tuning robustness of linear active distur-
FAN Chenhui, QIN Xiaohui, QI Lei, et al. Analysis of the bance rejection control[J]. Control Theory & Applications,
role, improvement, and research prospects of virtual impedance 2018,35(11): 1648-1653.
in grid-forming droop control[J]. Power System Technology, [27] BL4:8%, AR, LR, SET I QPR n i ae A i 245 il o
2024, 48(6): 2237-2250. i L] W LR 4l (2R, 2024, 58(10): 2171-2181.
[24] =, PARZE, Z5ARET, 465, 7 md B R X R 48 MPPT Joiil HUANG Jinfeng, ZHOU Jie, HUANG Hongjie. Control stra-
[ 5E IR v AR ) (0], A 4R, 2024, 43(8): 94- tegy of power conversion system based on sliding mode active
102. disturbance rejection control[J]. Journal of Zhejiang Univer-
GAO Yue, RAN Huajun, LI Linwei, et al. Model-free fixed- sity (Engineering Science), 2024, 58(10): 2171-2181.

(251 EABHE, Z2EAL, R4k, 55 Buck ZEHER (MRS TRk 2500 m

time sliding mode control for MPPT of permanent magnet

direct-drive wind power system[J]. Foreign Electronic Mea- (E-aT
surement Technology, 2024, 43(8): 94-102.

55 0 R VA4 ) (0] 45 BOE 5 R HL 2021, 38(6): 1912467947@qq.com);
766-774.

WANG Shuwang, LI Shengquan, Al Wei, et al. Chattering free R i IT R A

sliding mode control based on reduce order extended state

observer method for a DC-DC Buck converter system[J]. BgRTE WL P T R AR

Improved active disturbance rejection control for grid type photovoltaic energy storage
system based on fixed-time convergence sliding mode

HU Zhenyangl, WANG Jiali?, FU Zuochao?, LIU Yuemingl, HUANG Jinfeng'
(1. School of Electrical Engineering, Shaanxi University of Technology, Hanzhong 723001, China;
2. Xi'an Xingyuan Bo Rui New Energy Technology Co., Ltd., Xi'an 710000, China)

Abstract: With the large-scale distributed generation equipment gradually replacing the traditional synchronous generator, grid-
connected systems are faced with a series of challenges such as loss of inertia, voltage and frequency stability decline. The
introduction of grid control technology gives the necessary inertia and frequency support capability to distributed generation
equipment. In the field of grid control technology, virtual synchronous generator technology has been widely used, but the
traditional proportional integral (P1) control strategy it relies on has some problems, such as weak anti-interference ability and
insufficient transient stability. In view of these shortcomings, an improved sliding mode active disturbance rejection control
strategy for grid type photovoltaic energy storage system is proposed, which applies to the outer voltage loop of the system to
improve the system performance. Among them, the fraction order extended state observer is designed to enhance the
observation ability of the internal state of the system, and the fixed-time convergence sliding mode controller is designed to
effectively suppress the chattering phenomenon in the traditional sliding mode control by means of its characteristic of
converging to the equilibrium point in a fixed time, thus significantly enhancing the robustness and anti-interference ability of
the system. Finally, through the construction of simulation model in MATLAB environment and experimental verification, the
simulation and experimental results show that the control strategy proposed in this paper effectively reduces the transient
voltage fluctuations of the system and speeds up the system response speed, which plays a positive role in improving the system
performance.

Keywords: grid type photovoltaic energy storage system; virtual synchronous generator; improved sliding mode active

disturbance rejection control; fractional order; extended state observer; fixed-time convergence sliding mode
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