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Adaptive sliding mode model-free predictive control strategy
for grid-connected inverters
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2. State Grid Jilin Electric Power Co. , Lid. , Ulira High Voltage Company, Changchun 130000, China)

Abstract: To reduce the dependence of the finite control set model predictive control performance of grid-connected inverters on system
model parameters, a model-free predictive control method for grid-connected inverters based on an adaptive sliding mode observer is
proposed. Firstly, based on the ultra-local model theory, an adaptive sliding mode observer is designed to accurately observe the total
disturbance of the system, effectively avoiding the dependence of traditional methods on precise model parameters and enhancing the
robustness and anti-interference ability of the system. To optimize the system architecture, an extended Kalman filter is introduced to
replace the grid-side voltage sensor, providing key parameters for model-free prediction by real-time estimation of the grid-side voltage
state, while reducing the complexity of system design. To address the performance degradation caused by control delay in digital
controllers, an improved delay compensation method based on the first-order linear extrapolation is proposed. By using historical current
data to predict the system state after delay, the compensation current is used for the next cycle prediction, improving the real-time
performance and accuracy of current tracking. Finally, a simulation model and an experimental prototype are established for comparison
and analysis with traditional methods. Experimental results show that, compared with the traditional model predictive control strategy,
the proposed method reduces the total harmonic distortion rate of the grid-connected current by 36. 67% when the inductance suddenly
increases and by the sudden 47. 84% decrease. When the reference current undergoes a sudden change, the system dynamic response
speed is increased by 21. 78% , and the total harmonic distortion rate of the current in steady-state operation is as low as 2. 37% , meeting

the grid connection standards. The proposed strategy effectively reduces the negative impact of model parameter dependence and control
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delay through multi-module collaborative optimization, providing a reliable control solution for the efficient and stable operation of grid-

connected inverters.

Keywords : grid-connected inverter; adaptive sliding mode observer; model-free predictive control; extended Kalman filter; delay

compensation
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Fig. 1 Topology of grid-connected inverter
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Fig. 2 Voltage state vector of grid-connected inverter
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Table 1 Simulation and experimental parameters

S8 HfH
HIHE V,./V 540
HL I L A RUH e/ V 380
FL DO A5 £/ He 50
SR i/ A 20
TEWE R L/H 0.01
A4 HLBH R/Q 1
KA T,/ s 50
9 3 7 AL 2 1 25k 0.2
135 o7 PR UL I 2 2Ry 0.1
5 3 IO T RO 2 R B 2

5.1 FEEXTELISIE

JIHR ISMO-MFPC 751 51645 FCS-MPC. J5 i TERR A
B DR L S L R T A ] 9 Tz o AT AR R AR Ay i
114 L5 L AR P38, I RE S R AR PSR

u |
|

LT /(20 A-div )

HLTE /(20 A-div!)

HLFE /(100 V-div'")
HLFE w/(100 V-div'")

B 1) /(20 ms-div'")
(b) THD

B 1) /(20 ms-div")
(a) FCS-MPCJ7 #:
(a) FCS-MPC method

B9 ARSI I e L AT AL 1 R

Fig. 9 Steady-state grid-connected current and grid voltage
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