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The process of obtaining the necessary electrical energy to satisfy the needs of society is
becoming an increasingly difficult issue in current times. Facing this problem, the scientific
community has made advances in such areas as renewable energy, pollution reduction,
and the more efficient use of available power. In particular, this Special Issue of Energies
presents several findings in the field of control theory, which are intended to increase the
effectiveness of many widely used energy systems. The included works are concerned with
sliding mode control strategies, which are widely known for their exceptional performance
in systems affected by disturbance or model uncertainties. This is a valuable property
in various energy systems such as wind turbines, synchronous motors, and photovoltaic
systems. At the same time, most energy systems operate with very fast sampling times. As
such, the effective control of such systems demands high computational efficiency, which is
also provided by sliding mode control strategies.

This Special Issue, entitled “Sliding Mode Controllers in Energy Systems and Other
Applications”, includes sixteen research papers on various applications of sliding mode
control, tackling several typical issues in the practical application of such strategies. A short
summary of all papers included in this Special Issue is given here.

The work by Sami et al. [1] considers wind turbines, a type of energy system that is
especially vulnerable to nonlinearities and strong external disturbance. In particular, the
authors propose the use of a fractional order terminal SMC based on the super-twisting
algorithm. Furthermore, they apply a cascaded control scheme for regulating both the
mechanical subsystem of the wind turbine as well as the electrical one, as they have
significantly different response times. The proposed scheme is shown to ensure a fast and
mostly chatter-free response of the system, which is translated into high energy efficiency.

Another study on the control of wind turbines is presented by Benbouhenni and
Bizon [2], in which the authors propose a novel scheme combining the advantages of
sliding mode control and synergistic control. When applied to a dual-rotor wind turbine,
the proposed method results in significantly more accurate tracking of the maximum power
point than a widely used PI control strategy.

A super-twisting sliding mode control algorithm is used by Ahmed et al. [3] for maxi-
mum power point tracking in a photovoltaic system. To generate the reference peak power
voltage for the considered controller, the authors use an appropriately trained neural net-
work. The satisfactory performance of the plant is demonstrated under changing irradiance
as well as changing temperature.

A further study on sliding mode control of photovoltaic systems is demonstrated
by Zeb et al. [4]. The authors use a super-twisting algorithm to inject both active and
reactive power into a three-phase grid-connected system. They investigate system perfor-
mance under various abnormal conditions, such as voltage swell or DC-link variation, and
demonstrate the efficiency of the proposed algorithm.

The study of Silaa et al. [5] concerns proton exchange membrane fuel cells, which are
one of the most promising means of producing electrical energy. Typically, sliding mode
control strategies are inappropriate for such systems, since the chattering phenomenon
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would cause non-negligible energy loss. With this in mind, the authors introduce a higher-
order sliding mode control strategy specifically meant to mitigate this phenomenon. The
experimental results show that this strategy reduces unwanted oscillations by 84% compared
with conventional sliding mode control, thus reducing energy loss in the fuel cell.

Shtessel et al. [6] further consider the topic of hydrogen fuel cells in the context of
electric vehicles. Specifically, the authors consider a multi-part power system consisting
of the fuel cell, ultracapacitor, and DC–DC power converters. The current in the fuel
cell is controlled using a second-order sliding mode control strategy with adaptive gains
while the remaining parts of the system are subject to a more conventional sliding mode
control strategy.

On the other hand, Konieczny et al. [7] focus on the control of active vehicle suspension
with the use of sliding modes. The main objective of the control process is to reduce the
vehicle’s roll and vibration for the sake of comfort, but without meaningfully increasing
energy demand. This objective is fully achieved by the advanced sliding mode control
strategy proposed by the authors.

Wang et al. [8] consider a somewhat different approach based on second-order sliding
modes. This approach is applied to active magnetic bearings with the aim of minimizing
rotor displacement. It is experimentally verified that the proposed scheme performs
significantly better than a common equivalent based on the reaching law approach, while
producing no noticeable chattering.

Another type of energy system, permanent magnet synchronous motors, is considered
by Liu et al. [9]. In order to design a successful sensorless control scheme for such systems,
the authors aim to reconstruct the full system state using a sliding mode observer. The
particular observer proposed in that work is based on the super-twisting algorithm and
is characterized by the adaptive estimation of system parameters. It is demonstrated via
experiments that the proposed method successfully suppresses the influence of changing
motor parameters on control quality.

A further study on the observer-based control of permanent magnet synchronous
motors drives is conducted by Bao et al. [10]. The authors propose the use of a full-order
sliding mode control strategy based on a synchronous frequency tracking filter as well
as a Luenberger observer. The former is responsible for filtering out the harmonics of
the electromotive force, while the latter serves to reduce position and speed errors in the
controlled plant.

Sliding mode control of permanent magnet synchronous motors is also considered
by Gao et al. [11]. Similarly to previously discussed works, the authors of this paper also
propose the use of a second-order sliding mode control algorithm in conjunction with a
state observer. However, the authors further introduce a new nonlinear sliding surface to
improve the transient response of the system.

A comparative study on the control of permanent magnet synchronous motors was
conducted by Dendouga [12]. In this work, the author discusses the design procedure of
conventional sliding mode control strategies for such systems, as well as more sophisticated
second-order strategies. It is demonstrated that, for the considered motor fed by a direct
matrix converter, one can achieve a fast response of the system and good reference tracking
regardless of uncertainties.

A well-known issue in sliding mode control is the existence of an initial reaching
phase during which the controlled plant remains vulnerable to uncertainties. Thus, various
authors aim to eliminate this phase using an appropriately designed sliding hyperplane.
One such approach is presented by Mobayen et al. [13] and successfully applied to the
control of DC–DC buck converters. Indeed, the authors show that the output voltage of the
considered converter can be effectively regulated at all stages of the control process.

A more general sliding mode control strategy is proposed by Pietrala et al. [14]. In this
work, the authors consider a second-order system with nonlinearities and aim to ensure
its stability under velocity and input constraints. Such constraints are typical in a variety
of electromechanical systems, which makes the proposed method widely applicable. To
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achieve their objective, the authors propose the use of a novel time-varying sliding surface,
the parameters of which are adjusted to minimize settling time under given constraints.

In another work, Lesniewski and Bartoszewicz [15] consider the sliding mode control
of sampled data systems. This is a highly relevant topic, as virtually all control algorithms
are applied digitally with no continuous states in the controller. In particular, the authors
propose a strategy based on the reaching law approach and apply it to a discrete-time
representation of the system. It is demonstrated that the proposed scheme ensures the
robustness of the plant with respect to disturbance even when typical assumptions about
matching conditions are omitted.

Finally, Latosinski and Bartoszewicz [16] discuss the issue of quasi-sliding mode band
width in the control of sampled data systems. Particularly, they propose a novel sliding
hyperplane on which the width of this band can be effectively reduced to zero even in the
presence of uncertainties. As a result, when the system is operating in sliding mode, the
state error is reduced compared with conventional sliding mode control strategies.
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