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Accurate load power sharing and voltage regulation are two critical
control objectives to ensure power quality and reliable operation of
islanded microgrids. Although voltage regulation can be achieved
using a secondary control loop, the inaccuracy of reactive power
sharing is a prominent issue due to the varying impedance of lines
connected to distributed generation sources. One of the techniques for
accurate sharing of reactive power is to modify the production
reference voltage by the droop control method. In this paper, a control
strategy is proposed to improve the accuracy of reactive power
sharing among distributed generation units of islanded microgrids.
The proposed control method was based on transient reactive current
injection to modify the production reference voltage of the droop
control method. The reactive power-sharing error was reduced by
changing the reference voltage. In addition, the proposed controller
did not require a communication link between distributed generation
sources for implementation. The effect of the proposed controller on
the stability of the system was demonstrated using the reduced-order
small-signal model. To evaluate the performance and effectiveness of
the proposed control strategy, it was implemented on an islanded
microgrid consisting of three distributed generation units. The
simulation results showed the proper performance and efficiency of
the proposed method.
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EXTENDED ABSTRACT

Introduction

In the islanded microgrid, the drop control technique is used to control the microgrid's
distributed generation sources. The droop control method is implemented at the converter
level and ensures power sharing and stable performance of the microgrid without the need
for a communication link. Although the frequency droop technique (P/f) can achieve
accurate power sharing, but the voltage droop (Q/V) technique provides inaccurate results
in reactive power sharing due to the difference in the impedance of the lines connected to
the DG units and the difference in the rated power. The strategy of adjusting the production
reference voltage of the droop control method is one of the control methods to improve the
performance of the droop control method.

In this research, the reference voltage regulation control strategy was used by injecting
reactive current into the Q-V control loop. The proposed control method does not need a
communication link between distributed generation units and can minimize the reactive
power sharing error. In the proposed control method, a voltage signal proportional to the
difference between the output reactive current of the inverter and the reactive current of
the distributed generation unit is added to the reference voltage produced by the droop
control method using the integral term.

Methodology

Two inverter units connected to the common bus through different impedances are
shown in Figure 1. If the droop control coefficients of both units are equal, it is desirable that
the active and reactive power is equally divided between the two units. However; if the
transmission line is inductive and the impedance of the lines is different ( 6 =900, Z1+72),
reactive power is not divided between units according to their capacity, although the active
power sharing is accurate. This can be proved mathematically as follows. If the working
point of both units is (w1, P1) and (w2, P2) respectively, it can be written as:
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Figure 1. Equivalent circuit of two inverter units connected to a common bus.
(1)1 = (1)0 - DP1P1 (1)
(1)2 = (1)0 - Dszz (2)

Assuming that the active power droop coefficients of the units are equal, DP1=DP2=DP
In the steady state with load change, active power is divided between two units in the
frequency, w1= w2=wnew. According to (1) and (2), it can be stated.
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Wy —wy; =Dp(P,—P) > P =P, 3

Therefore, active power sharing is done accurately. According to Figure 3, the output
voltage equations of the units can be written as follows:

E1 = Eo - DQQl = lel +V (4)
Ez = EO - DQQZ = Z212 + V (5)
Zyly = Z11; = Do(Q1 — Q2) (6)

Therefore, when Z1 and Z2 are unequal, according to (6) the reactive power is not evenly
divided between two parallel converters. Consequently, the main challenge in the droop
control method is power sharing between DG units with different line impedance. In
microgrids where the line impedance is often resistive or resistive-inductive, it is more
difficult and complicated to share active and reactive power using the drop method.

The sharing of reactive power between islanded microgrid parallel inverters depends
on various factors. Since the structure of microgrids is complex, it will not be easy to
reduce the reactive power sharing error based on the circuit model. In the present
research, the focus was on presenting a method that reduces the reactive power sharing
error without knowing the microgrid configuration. Therefore, according to Figure 2, in
order to reduce the reactive power sharing error by using transient reactive current
injection, the production reference voltage of the droop method is modified. According to
the contents of up, to remove the error of reactive power sharing, the voltage droop
technique equation (Q/V) was modified as follows:

K 7
Vs =VSO_DQQ+(§)'Aiq (7
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Figure 2. Proposed control method.
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Results and discussion
To evaluate the performance of the proposed control method, an islanded microgrid

including three distributed generation units was used as shown in Figure 3.
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Figure 3. The studied MG.

By connecting load 1 to the microgrid, the reactive power change of the units was
detected as a new event. Therefore, the compensation signal was activated and
compensation performed. Load 2 was added to the microgrid at t = 1.5 seconds. The reactive
power of the units changed and a new event was registered. Therefore, with each load
change, the microgrid compensation was activated. Figure 4 shows the reactive power
produced by DGs. As illustrated, with the change of the microgrid load, compensation is
activated and the reference voltage of the units is adjusted so that the reactive power of the
load is accurately divided between the DG units. Therefore, the proposed control system has
accurate reactive power sharing.
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Figure 4. The reactive power produced by DGs with the proposed control method.

Conclusion
In this paper, the generation reference voltage adjustment strategy of the droop control

method was used to improve the accuracy of reactive power sharing. By using this strategy,
the reference voltage of the units was adjusted so that the reactive power of the load was
divided among the DGs according to their capacity. In the proposed control method, the
reactive power change of the units was recognized as a new event. With the detection of the
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new event, the process of compensation and correction of the reference voltage started. By
starting the compensation process, the output reference voltage of the droop control was
adjusted to eliminate the reactive power sharing error.

Setting the reference voltage was carried out by injecting a transient reactive current
that was added as an integral term to the Q-V control loop. After the compensation process,
the microgrid control system was changed to drop control. The proposed control method
does not need a communication link between DG units. During compensation, there is no
fluctuation in the output current and voltage of DGs.The simulation results showed the
efficiency and accuracy of the proposed control method in reactive power sharing between
DG units. Moreover, the small signal analysis demonstrated that the control parameters are
well designed and the stability of the microgrid are guaranteed during steady-state
operation and transient compensation. In future research, the compensation parameters
can be optimally selected using optimization algorithms to reduce the compensation time.
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