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In addition to all the advantages of renewable energies, their use in the
form of wind turbines and solar cells in power grids to provide the
required power can be considered a negative factor from the point of
view of stability in power systems. The main aim of this paper was to
design a wide-area damping controller (WADC) in converter of
battery energy storage system connected to renewable energy
sources including photovoltaic and permanent magnet synchronous
generator (PMSG) in large-scale power systems. The proposed
approach was based on Free-Weighting Matrices (FWM). First, by
using optimal control theory based on delay-dependent feedback, a
set of constraints related to linear matrix inequality (LMI) was
formulated. Then, for obtaining parameters of optimal control that can
tolerate maximum time delay, the FWM approach was employed to
solve time dependent on time delay. In this regard, an iterative
algorithm based on conical complement linearization was also
presented to search for parameters of optimal control. Finally, non-
linear simulation was implemented on 5-area 16-machine power
system in MATLAB. The simulation results clearly demonstrate the
desirability of the proposed controller under existing uncertainties.
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EXTENDED ABSTRACT

Introduction

Today, with the increase in energy consumption, the need to use renewable energy
sources is felt even more keenly than before. However, the influence of these sources in the
power system leads to a decrease in the stability of the network and so measures must be
taken to improve the stability of the power system. Based on this, it is important to identify
and control power grid oscillation modes through excitation system controllers. Inter-area
oscillatory modes are created in the frequency range of 0.2 to 0.9 Hz and local modes are
created in the frequency range of 0.9 to 2 Hz. To control the local modes of the power system
stabilizers (PSS) installed on the synchronous generators and to control the inter-area
modes, the power oscillation damper (POD) is used as a supplementary controller to reduce
the fluctuations of the power system.

Among the types of clean energy, the potential of using photovoltaic units (PV) and wind
units is much greater than other renewable sources due to having modern technologies and
combined exploitation of each other. However, the exploitation of these renewable energy
sources imposes different technical problems in terms of how to connect and the emergence
of oscillatory modes to the power system which must be compensated. Recently, methods
based on wide area damping controller (WADC) design have been used in various
references to reduce inter-area oscillations. In all references where WADC design has been
studied, the main idea is related to compensation of time delays to send wide area signals
through phasor measurement units (PMUs) to the input of local and inter-area controllers.
Therefore, for higher controllability on oscillatory modes, it is very important to select the
input signal to the power damping controllers in the power system.

Based on the brief description above, in this paper, an improved resistive control
method based on free weight matrix approach was used to design WADC, which can
effectively consider the effect of signal delay on control performance. Therefore, the
purpose of designing the WADC controller in this article was to be able to damp the inter-
area modes through the damping controller in the battery energy storage system (BESS).
For this design, first, the remote signals were obtained based on the visibility and
controllability index, and then they entered the FWM design processas u(t — t) = Kx(t —
T) signal. At this stage, the design of the observer for the damping controller considered the
time delay. The output of this calculation led to the gain of the controller, which was used to
send damping signals in the BESS control loop.

Methodology

For WADC design, selection of input control signals was carried out based on small signal
analysis or other methods. In addition, it should be noted that the application of Wide Area
Measurement System (WAMS) for wide signal transmission leads to time delay and
therefore a power system with WAMS is a kind of time delayed system. In this article, to
model the time delay in wide area signals, Pade's first order approximation was used to
model the time delay.
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However, since the delay-dependent criterion uses the delay size information, the delay-
independent stability criterion does not need this information; therefore, the delay-
dependent criterion usually has alower degree of conservatism than the delay-independent
criterion. The Lyapunov method is the main method for deriving the delay-dependent
criterion; the discretized Lyapunov is one of the most efficient methods, but combining this
method with the control system is very difficult and complicated.

Another method is the transformation of the fixed model, the most effective and
practical of which is the combined method of Park's or Moon inequalities. For the controller
design based on the FWM method, the conservatism degree of the controller is reduced
compared to the fixed model transformation methods.

In the invariant model transformation when the derivative of the Lyapunov function is
calculated, some inequalities such as Park's and Moon are used to estimate the upper bound
of the cross terms. In contrast, the FWM method does not require bounding techniques for
some cross terms. Therefore, the basis of solving the state observer problem in this article
was based on the FWM method, which is fully expressed in relations (1) to (21) of the
modeling of this method.

Results and discussion

In this paper, the mode observer was designed using the pole placement method. In
Figure 1, the structure of the state viewer in the WADC design is shown. In Figure 2, the
power system model of 16 machines and 68 buses is presented as a large-scale network
connected to a wind unit based on a permanent magnet synchronous generator (PMSG), PV
and BESS.

Due to the fluctuating nature of wind in PMSG as well as variations in solar radiation in
PV, the power transferred to the dclink fluctuated. To be able to transfer a smooth and non-
oscillating power to the AC network, it is necessary to adjust and compensate the SC power.
In this regard, the controller of Figure 4 was used to compensate the input power to the
inner loop, i.e. Pscrer According to Figure 4, the powers transferred to the dc link passed
through a low-pass filter after measurement for averaging. Then, the filtered signals were
compared with the reference signals and Pscrer power generated from the sum of the
compared signals.

The structure of the closed loop system for simulations is shown in Figure 5. In this
structure, the loops related to the controllers included the control loop of the rotor-side
converter and the grid-side converter in PMSG, the control loop of the PV converter and the
damping controller loop in BESS and the way they are related to the power system was
specified. The simulation results were evaluated in the presence of uncertainties such as the
presence of temporary and permanent three-phase faults, line outages, increase in the
power of synchronous generators, heavy time delays of 300 milliseconds, and the random
pattern of wind and solar radiation.

In all scenarios, the response of the proposed controller was much more favorable
compared to other controllers in terms of settling time, overshoot and undershoot, which
led to improvement in the stability of the power system.
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Conclusion

In this paper, a new linear design method for WADC is presented to increase the
stability of large power system. In this design, the FWM technique was used to transform an
optimization problem based on nonlinear matrix inequality constraints to introduce a set of
LMI constraints to facilitate the WADC design process. In addition, a non-linear optimization
algorithm was extended to search for the optimal control gain matrix and the maximum
control signal delay to improve the negative effect of time-varying delays on system
performance. In practice, after acceptable modeling of the system, the proposed method
was simply and practically simulated in a large-scale power system, and the results of this
simulation clearly showed that the designed controller not only improved the stability of
system fluctuations, but also the resistance response to the changes of time delays in
transmission signals and uncertainties mentioned.
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