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ARTICLE INFO ABSTRACT

Three-phase grid-tied inverters are the key technology for integrating renewable
sources into the utility grid. They interact with the renewable source which has a
variable nature from one side and with the utility grid which is non-ideal in most cases
from the other side. So, they must be equipped with a robust control system. In this
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Article History: paper, a sliding mode controller is proposed as a robust nonlinear control technique for
Received: 22 May 2025 three-phase grid-tied inverters. It is employed for the purpose of regulations of the
Revised: 27 July 2025 three-phase injected currents to grid. The main function of the control system of a
Accepted: 25 November 2025 three-phase grid-tied PV inverter is, however, to extract the maximum possible power
Published Online: 28 May 2026 from the PV and inject it to the utility grid. For this purpose, the control system is

equipped with a maximum power point tracking algorithm for obtaining the voltage of
the maximum power point at any weather conditions. The obtained voltage is
employed as the reference value for the DC link voltage. We employ an appropriate
maximum power point tracking algorithm in this paper. For the unity power factor at

-}Fﬁﬁgﬂfﬁaﬁe Grid-Tied Inverters, the point of common couplings, a variable power extracted from the PV results in
PV, varying the amplitudes of injected currents to grid accordingly. The proposed sliding
Sliding Mode Control, mode controller, by regulating the injected currents to grid at their appropriate
Maximum Power Point Tracking reference values, makes the injection of maximum extractable power from the PV to
Algorithm. the utility grid possible. The performance of the proposed approach is validated using a

detailed switching model developed for the three-phase grid-tied PV inverter in
MATLAB/Simulink environment.
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Introduction

In this paper, a Sliding Mode Controller (SMC) is designed for a three-phase grid-tied PhotoVoltaic
(PV) inverter using a hysteresis modulator. The controller is implemented and validated through
simulations using a detailed switching PV inverter model developed in MATLAB/Simulink. The
proposed method leverages the key advantages of hysteresis modulation, such as implementation
simplicity and low computational complexity. To address the issue of oscillations around the sliding
surface, the hysteresis width is carefully selected. It is important to note that an excessively narrow
hysteresis width results in undesirably high switching frequencies, while a wider width increases the
magnitude of oscillations around the sliding surface. This paper presents a systematic approach to
determining the optimal hysteresis width for a three-phase grid-connected PV inverter which provides
a balance between the switching frequency and magnitude of oscillations.
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Methodology

In this study, a control system for a three-phase grid-connected PV inverter is proposed which is based
on the sliding mode technique. The overall control structure is illustrated in Figure 4. As shown, the
system consists of an outer loop for regulating the DC-link voltage and three inner loops dedicated to
controlling the currents injected to the grid. In the outer voltage control loop, to ensure the maximum
power extraction under varying weather conditions, the DC-link reference voltage is set to the
maximum power point’s voltage (Vmpp) Of the PV array. The sliding mode controller is employed in
the inner current control loops to regulate the injected currents into the grid. The control structure is
identical across all three phases. In Figure 4, the inverse Park transformation (also known as the 2-to-3
transformation) is used to convert the dg-axes currents (lg, lg) into the corresponding three-phase
reference currents. The transformation angle, 8,, derived from a Phase-Locked Loop (PLL), represents
the grid’s voltage vector angle [21]. Figure 5 illustrates the stationary (af) and synchronous (dq)
reference frames along with the grid’s voltage and current vectors. As shown, by setting I, = 0, the
injected current vector is aligned with the grid’s voltage vector. This condition corresponds to the
unity power factor operation at the the Point of Common Couplings (PCC), meaning that no reactive
power is exchanged with the grid.

Discussions and Conclusion

In Figure (6-a), the solar irradiance is deliberately varied over short time intervals, ranging from 1200
W/mz2 to zero. It should be noted that the Standard Test Conditions (STC) for the PV panels are
defined as the 1000 W/m2 irradiance and the cell temperature of 25°C. In this study, the cell
temperature is maintained constant at 25°C. As depicted in Figure (6-b), the maximum power point’s
voltage (Vmpp) Of the PV panels changes according to the irradiance levels. The DC link voltage
successfully tracks Vmp, With high accuracy which is demonstrating the controller’s effectiveness.
Interestingly, despite significant fluctuations in the irradiance, the Vy,, exhibits only minor variations,
a characteristic inherent to the PV panels behavior. The results confirm that the SMC ensures robust
closed-loop stability, offers a relatively straightforward design, and imposes low computational
burden. Compared to an LQG controller, as a robust linear controller, which involves a complex
design process and intensive computations, the SMC stands out for its practical implementation
advantages. However, it must be acknowledged that the variable switching frequency, inherent in
SMC with hysteresis modulation, represents a challenge and requires careful design considerations. In
this study, the controller's performance is validated under ideal three-phase grid conditions. However,
the real-world grids often exhibit non-idealities, such as voltage un-balance, frequency deviations, and
phase-jumpings. Evaluating the controller’s performance under non-ideal grid conditions remains an
important future direction for this research.
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1. Maximum Power Point Tracking (MPPT)
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1. Chattering
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1. Voltage-Source Inverter (VSI)
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1. Dead-Time
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1. Simulation-Aided Design (SAD)
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