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Voltage and Frequency controller for parallel Inverters in
Microgrid using Fuzzy logic

Xuan Hoa Thi Pham”

ABSTRACT

Currently, electrical energy generated from renewable energy sources is being used more and more
widely. These energy sources gather and form a microgrid. Microgrid can operate in standalone
mode or connected to the grid. When the microgrid operates in standalone mode, it must be
controlled to stabilize the frequency and voltage in the microgrid. This article proposes a power
control method for inverters in the microgrid, the purpose of the proposed method is to stabilize
the frequency and voltage in the microgrid. Besides, the proposed control method also adjusts
voltage and frequency to improve power quality in the microgrid. This proposed method is based
on fuzzy logic to shift the slope of the droop characteristic curve according to the load. The purpose
of the proposed method is to improve the accuracy of power sharing for inverters in microgrids,
and it also reduces voltage and frequency deviations in microgrids, it improves power quality in
microgrid. The focus of this paper is to improve the voltage quality combined with power sharing
between inverters to stabilize the voltage and frequency in microgrid by improving the traditional
droop controller, because the droop controller is simple, easy to implement, does not need to use
communication network, the disadvantage of the traditional droop controller is the fixed droop
coefficient. The proposed controller can adjust the droop coefficient according to the load change
based on fuzzy logic inference, the controller is simple, and can be applied to complex microgrids
with multiple generators and multiple inverters connected in parallel. The proposed controller is
simulated for a islanded microgrid with three parallel connected inverters using Matlab/Simulink
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software to demonstrate the suitability of the proposed method.
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INTRODUCTION

Distributed energy sources such as wind energy, so-
lar energy,... they are sent through power converters.
There are many different types of microgrid config-
urations, usually microgrids need an inverter to cre-
ate AC voltage, the AC voltage at the inverter out-
put is supplied to AC loads or connected to the grid..
Power transmission in microgrid achieves high effi-
ciency when inverters are connected in parallel =10,
However, in stand-alone mode, the microgrid must
have power sharing between inverters connected in
parallel to maintain voltage and frequency stability.
At the same time, this power sharing will help avoid
balancing currents flowing between inverters =17,
Based on the power characteristics of the source, pre-
vious studies have established a mathematical model
for the droop controller to control the power-sharing
between inverters operating in parallel. The droop
controller controls active power according to fre-
quency and controls reactive power according to volt-
age. Relationship between active power and fre-
quency; Reactive power and voltage are expressed

through slope coefficients !~'2. Therefore, researchers
relied on the slope factor to realize power sharing be-
tween parallel-connected inverters. However, previ-

ous studies often fixed these slope coefficients =12

so
when load parameters change a lot, the resulting volt-
age and frequency at the output of the inverters given
by this droop controller will have a much larger devi-
ation from the rated value.

Several studies have presented traditional droop con-
trol methods for power sharing. The purpose of this
study is to share power among inverters without aim-
ing to reduce voltage and frequency deviation to im-
prove power quality. However, the traditional droop
controller is affected by the line impedance parame-
ter. Therefore, there have been several studies pre-

10-15 for

senting improved droop control methods
power sharing. However, the purpose of these stud-
ies is to improve the accuracy of power-sharing for
inverters without aiming to reduce voltage and fre-
quency deviations to improve power quality.

Therefore, this paper designs a droop controller com-
bined with fuzzy logic to overcome the disadvantages

of previous controllers.

Cite this article : Pham X H T. Voltage and Frequency controller for parallel Inverters in Microgrid
using Fuzzy logic. Sci. Tech. Dev. J. — Engineering and Technology 2024; 7(3):2285-2298.
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The contributions of the proposed controller are de-
scribed below:

The droop-fuzzy logic controller automatically ad-
justs the slope of the droop characteristic curves when
the load changes. Therefore, this controller will mini-
mize the frequency and voltage deviation, it improves
power quality in microgrid.

In addition, the droop-fuzzy logic controller cor-
rectly power-sharing between the parallel-connected
inverters in the Microgrid.

Typically, the structure of an islanded microgrid con-
sisting of inverters operating in parallel is shown in
Figure 1. In standalone mode, the microgrid must be
capable of self-stabilizing voltage and the frequency
under load conditions changes in real-time.
Typically, the traditional power control scheme of an
independent microgrid includes two control loops:

« The outer control loop is the power control loop.
Previous studies often used a droop controller
for this control loop, because the droop con-
troller is easy to use, does not require com-
munication, and is easy to change. However,
the droop controller will give incorrect power
division results in the case of different line
impedances, or different inverters. Therefore, in
this article, we propose a method to improve the
droop controller by using fuzzy logic.

« The internal control loop is a voltage control
loop and a current control loop. This control
loop will control the voltage and current at the
output of the inverter according to the reference
voltage and current values.

The block diagram of the proposed controller is
shown in Figure 2.

METHOD

Theoretical basis of the proposed control
method

The traditional droop controller for dividing power
between inverters is established based on the equiv-
alent circuit of the inverter connected to the load
through a line as shown in Figure 3.

Inverter

. PCC
Z=R+jZ |
Bus DC
A% — » Vpcc

Figure 3: The equivalent circuit of the inverter con-
nects to the load through the line

According to research 1-12 "the power running on the
line is calculated according to the expression as Eq. 1
(Figure 23):

In there:

R(Q) and X(Q) are impedance parameters of the line.
V(voltage) is the voltage at the beginning of the line.
P(W) and Q(Var) are the powers running on the line.
Vpcc(voltage) is the voltage at the PCC.

0 is the phase difference angle of the voltage V anh
Vpec: 6 =01 -0

Z=27e% =R+ jXx

Transforming expression (1), we have: Eq. (2) and Eq.
(3) (Figure 23)

The actual angle between the output voltage of invert-
ers and PCC bus voltage § is a small value, so sind ~
6 and cosd = 1, X>>R, from equation (2) and (3) we
have: Eq. (4) and Eq. (5) (Figure 23)

Equations (4) show that: P depends on frequency f.
From there, we can establish P/f droop controller to
control the active power of the inverters as Eq. 6 (Fig-
ure 23):

The droop graph of equation (6) is drawn in Figure 4.
Figure 4 shows that when the power P changes, the
frequency f also changes. If the load increases signifi-
cantly, the frequency will decrease significantly com-
pared to the rated value and vice versa.

mMp

fo

be oo

P/f

AT

0 P. P

Figure 4: Droop P/f plot

Equations (5) show that: Q depends on voltage V.
From there, we can establish Q/V droop controller to
control the reactive power of the inverters as Eq. (7)
(Figure 23):

The droop graph of equation (7) is drawn in Figure 5.
Figure 5 shows that when the power Q changes, the
voltage V also changes. If the load increases signif-
icantly, the voltage will decrease significantly com-
pared to the rated value and vice versa.
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Figure 2: Block diagram of the proposed controller for an inverter in islanded microgrid

Where:

V) is the nominal amplitude voltage.

fo is the nominal frequency.

V is the measured amplitude voltage of the inverter.
fis the measured frequency of the inverter.

Py is the nominal active power of the inverter.

Qo is the nominal reactive power of the inverter.

m, and m, are the droop coefficients, which are cal-
culated as Eq. (8) (Figure 23):

DESIGN OF THE FUZZY LOGIC
CONTROLLER

Figure 4 and Figure 5 show that when the power con-
sumption of the load changes, the frequency and volt-
age also change. If the load increases significantly, the
frequency and voltage will decrease significantly com-
pared to the rated value and vice versa. Dividing the
power to the inverters according to the rated ratio is
done by expression (8). We see that expression (8) has
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Figure 5: Droop Q/V plot

a constant value for each inverter, so the slopes of the
P/f and Q/V droop curves do not change during op-
eration. In fact, the load always changes in real time,
which will lead to a situation where the voltage and
frequency of the microgrid deviate too much from the
rated value. This is also something we do not want.
Therefore, this article provides a method to change the
slope of the drop graph using fuzzy logic.

Equations (6), (7) and Figures 4 and 5 show that: a
change in the active power of the consumed load (AP)
will cause a corresponding change in frequency (Af).
Similarly, a change in the reactive power of the con-
suming load (AQ) will cause a corresponding change
in voltage (AV). If these changes are significant, it will
create unsatisfactory voltage quality in the microgrid.
It may also cause balanced currents to flow in the in-
verters, which will cause damage to the inverters.
V=V and f=f; can only be obtained when Q=Qg and
P=Py.

The equations (6) and (7) show that the power-sharing
for inverters depends on the slope coefficients deter-
mined in equation (8). Figures 4 and 5 shows that
the frequency at the output of the inverter changes ac-
cording to the active power of the load and the volt-
age at the output of the inverter changes according to
the reactive power of the load; The graph of droop P/f
and Q/V in (6) and (7) have slopes that depend on (8).
When the slopes (8) change, the power sharing will
change accordingly. Therefore, this paper proposes a
method to shift the slope coefficients m, and m ac-
cording to changes in the load instead of fixing them
according to the equation (8).

In the conventional droop method, the slope coeffi-
cients mj, and m are fixed according to equation (8).
When the load increases or decreases sharply, the fre-
quency and voltage at the output of the inverter will

deviate much from the value of its norm. In the pro-
posed method, the slope coefficients m;, and m, are
adjusted to change according to the load. When the
load increases or decreases sharply, the frequency and
voltage at the output of the inverter will deviate less
than with the conventional droop method.

The slopes m;, and m of the P/f and Q/V curves are
varied by the fuzzy controller. The block diagram for
the proposed droop-fuzzy logic controller is shown in
Figure 5. Figure 6 is combined from equations (6), (7)
and fuzzy-logic block to adjust the slope coeflicients
m), and m,. Whereas the conventional droop con-
troller is implemented according to equations (6) and
(7), mp and my are fixed according to formula (8) as
the Figure 7. Therefore, the conventional droop con-
troller will give control results with larger voltage and
frequency deviation than the proposed method.

Design of fuzzy controller to adjust mp
slope:

This fuzzy controller has two inputs and one output :
The first input is the difference between the actual
value and the rated value of the active power: e, =
P-P,

The second input is the rate of change of active power
over time: dP/dt

The output of this controller is the slip coefficient m,,.
Select language variable for input signal:

Language variable for e, input:

NB: more negative; NS: less negative; ZE: equal zero;
PS: less positive; PB: much positive

Language variable for dP/dt input:

N: negative; Z: zero; P: positive

We can choose more language variables for input and
output for better tuning.

Select value domain for input signal:

Depending on the change of actual load capacity com-
pared to the rated capacity value, we choose the ap-
propriate value range.

Select value domain for epinput: [-1000 1000]
Depending on the rate of increase or decrease of the
actual load capacity, we choose the appropriate value
range.

Select value domain for dP/dt input: [-100 1000]
Based on the sliding coefficient calculation expression
(8), we choose the value range for the m;, output. Usu-
ally the m,, value is very small, so we choose manylan-
guage variables for the output to make the adjustment
more accurate.

Select value domain for moutput: [0; 5.e74]
Language variable for m output:

Al, A2, A3: small; B1, B2, B3: medium; CI, C2, C3:
big
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Choose membership functions for the inputs: (dardt)
We can choose a membership function of triangular
or trapezoidal shape for the input as shown in Fig- N z P
ures 8 and 9. We can choose a bar-shaped member- / \\ /
ship function for the output as shown in Figure 10. \/
/ \ dQ/dt
(ep) L o
-100 -50 50 100

-1000 -500 0 1000

500

(ep)

Figure 8: Membership function of input e,

Choose membership functions for the output :
We can choose a membership function that is trian-

gular, trapezoidal, or linear.

Design of fuzzy controller to adjust m

This fuzzy controller has two inputs and one output :

Figure 9: Membership function of input dP/dt

Ak (mp)

Al A2 A3 B1 B2 B3 c1 c2 c3
(mp)

0 0625 125 1875 25 3.125 3.5 4375 bxe-d

Figure 10: Membership function of output m,

The first input is the difference between the actual

value and the rated value of the reactive power: e, =

Q-Qo
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The second input is the rate of change of reactive
power over time: dQ/dt

The output of this controller is the slip coefficient m,.
Select language variable for input signal:

Language variable for e, input:

NB: more negative; NS: less negative; ZE: equal zero;
PS: less positive; PB: much positive

Language variable for dQ/dt input:

N: negative; Z: zero; P: positive

We can choose more language variables for input and
output for better tuning.

Select value domain for input signal:

Depending on the change of actual load capacity com-
pared to the rated capacity value, we choose the ap-
propriate value range.

Select value domain for e, input: [-1000 1000]
Depending on the rate of increase or decrease of the
actual load capacity, we choose the appropriate value
range.

Select value domain for dQ/dt input: [-1000 1000]
Depending on the rate of increase or decrease of the
actual load capacity, we choose the appropriate value
range.

Select value domain for dQ/dt input: [-100 1000]
Based on the sliding coeflicient calculation expression
(8), we choose the value range for the m, output. Usu-
ally the m,, value is very small, so we choose many lan-
guage variables for the output to make the adjustment
more accurate.

Select value domain for moutput: [0; 5.e74]
Language variable for m output:

A1, A2, A3: small; B1, B2, B3: medium; C1, C2, C3:
big

Choose membership functions for the inputs:

We can choose a membership function of triangular
or trapezoidal shape for the input as shown in Fig-
ure 11 and Figure 12. We can choose a bar-shaped
membership function for the output as shown in Fig-
ure 13.

n(eq)

-500  -250 250 500
o (eq)

Figure 11: Membership function of input e,

Choose membership functions for the output :
We can choose a membership function that is trian-
gular, trapezoidal, or linear.

(dQrdt)
N z P
M7
N/
ANEA
/ / \‘ da/dt
-100  -50 50 100

Figure 12: Membership function of input dQ/dt

A (mq)

A1 A2 A3 B1 B2 B3 c1 c2 c3
(ma)

0 0,25 05 075 1 125 15 175 2xed

Figure 13: Membership function of output m,

Define control rules:

Equations (6), (7), (8) and Figures 4 and 5 show them:
If Q > Qp then V <V In order for V to get close to
Vo, we have to control to decrease the slope mq, which
means we have to control to increase the angle c.

If Q < Qp then V > Vj In order for V to get close to
Vo, we have to control to decrease the slope mq, which
means we have to control to increase the angle c.

If P> Pg then f < fy In order for fto get close to fy, we
have to control to decrease the slope mp, which means
we have to control to increase the angle o.

If P < Pg then f > fy In order for fto get close to fy, we
have to control to decrease the slope mp, which means
we have to control to increase the angle o.

On the other hand, we rely on the language variables,
the range of values, the membership function of the
input and the output, we can set up the control rules
as shown in Table 1.

Ife, = NB (P <<Pg) and = N (P is decreasing) then we
choose m, output as Al.

Ife, = NS (P <<Pg) and = N (P is decreasing) then we
choose m, output as B1.

Ife, = ZE (P =Pg) and = N (P is decreasing) then we
choose m), output as C1.

If e, = PS and dP/dt = N then we choose m,, output
as B3.

If e, = BP and dP/dt = N then we choose m,, output
as A3.

If e, = NB and dP/dt = Z then we choose m,, output
as A2.
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If e, = NB and dP/dt = P then we choose m,, output
as A3.

If e, = NS and dP/dt = Z then we choose m, output
as B2.

If e, = ZE and dP/dt = Z then we choose m;, output
as C2.

Ife, = PS and dP/dt = Z then we choose m,, output as
B2.

If e, = PB and dP/dt = Z then we choose m, output
as A2.

If e, = NS and dP/dt = P then we choose m;, output
as B3.

If e, = ZE and dP/dt = P then we choose m,, output
as C3.

Ife, = PS and dP/dt = P then we choose m, output as
B1.

If e, = PB and dP/dt = P then we choose m,, output as
Al.

Similarly, we can choose the control law for the fuzzy
controller my

Choose the composition rule according to the Sum-
Prod principle.
method.

Defuzzification by the centroid

Calculation and low-pass filter

The instantaneous power p and q are calculated ac-
cording to the instantaneous value of the current flow-
ing on the line (i) and the voltage at the beginning of
the line (v,) in a stationary dq0 frame as Eq. (9) and
(10) (Figure 23):

The current controller and voltage con-
troller

Based on the equivalent circuit shown in Figure 14,
we set up these controllers.

Where:

R (Q) and L (H) are resistor and inductance of the line.
Ry () and Ly (H) are resistor and inductance of the
filter (H).

Applying Kirchhoff’s laws to the circuit of Figure 14,
we have the following equations (11) and (12) (Fig-
ure 23):

Projecting equation (12) onto the coordinate system
dq0. The voltage bias is eliminated by the PI con-
troller on both the d-axis and the q-axis, the d-axis
voltage bias is added with a feedback component (-
®Cv,;), and a voltage bias on the g-axis is added feed-
back component(wCv,;). According to [15], the ca-
pacitance of the filter capacitor is usually very small,
so the C dv,4/dt and C dv,,/dt components are ig-
nored, the equations (11) can be written as Equation
(13) and (14) (Figure 23).

Equations (13) and (14) are the voltage controller.
Projecting equation (12) onto the coordinate system
dq0. The current bias is eliminated by the PI con-
troller on both the d-axis and the q-axis, the d-axis
current bias is added with a feedback component (-
®Lyril,), and a current bias on the g-axis is added
feedback component (wLrijy). According to [15],
the inductance and resistance of the filter capacitor
is usually very small, so the (Ly (dijg)/dt + Ry i14)
and (Lf(dij,)/dt + Rfij,) components are ignored,
the equations (12) can be written as equation (15) and
(16) (Figure 23):

Equations (15) and (16) are the current controller.

SIMULATION RESULT AND
DISCUSSION

Simulate power control for a microgrid consisting
of three inverters connected in parallel using Mat-
lab/simulink software. Simulations are performed by
the conventional controller and the proposed con-
troller to compare the results. Simulation parameters
are given in Table 1.

Case 1:

Power sharing simulation for two inverters in an inde-
pendent microgrid is performed using the proposed
controller.

[ T I
502 604 605 608 61

300/
200/
100,
0
400
-200|
300

ol o R
B8 532 58 59 5%

P(W)

Figure 16: The waveform of voltage and current at
the load

Figure 15a and 15b show that for an erroneous value
of active power (e,) at the input of the fuzzy logic
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Figure 14: Equivalent schematic of inverters connected to a load.

Table 1: SIMULATION PARAMETERS

Parameters Values Parameters Values
DC link voltage Ved (V) 600 Nominal frequency fo (Hz) 50
Filter Ly (mH) 4.2 Nominal power (kVA) 4
Filter Ry (Q) 0.1 Nominal voltage Vac , (V) 310
Filter C (mF) 2.2 m,, (V/Var) 1.05e-4
f,(kHz) 10 m,, (rad/s /W) le-4
Kpy 0.1 Kpi 10
K, 0.05 ki; 1
Line impedances
L (mH) 1 R (Q) 12
L, (mH) 0.8 Ry (Q) 0.9
L3(mH) 0.5 R3(Q) 0.7
Qar) pletely consistent with the fuzzy control law estab-
3 lished. Figure 15c shows that when the slope coeffi-
.,,. cient m;, changes, the frequency at the output of the
N Droop-fuzzy logic controller or the output frequency
10 Q;=q; of the inverter also changes accordingly, the curve of
frequency shows as the load increases then the fre-
o 1 2 3 41( ) 6 7 8 quency decreases, which is also completely consistent
S,

Figure 17: Output power of two inverters

block, there will be a corresponding slope coeflicient
m,, at the output of the fuzzy logic block. The value
of my, is within the specified range selected (the range
of values is selected by formulas (6), (7), and (8)). On
the other hand, when the e, deviation decreases, m,,
increases (increases in the selected value range), and
vice versa when the e, deviation increases (from 6s
onwards) the m,, decreases. These results are com-

with the equation (6) and power curve in the Figure 4.
The fvalue is also calculated according to m, and e, in
equations (7), (8), and the frequency deviation from
the norm is calculated in Table 2. Table 2 shows that
the frequency deviation is very small, this result is due
to the fuzzy-logic controller that controls to change
m,, when the load changes. As we see in the Figure 4,
if we don’t change the slope of the droop curve P/f as
the load changes, then a power deviation AP will give a
corresponding frequency deviation Af, and when the
load changes more, then the Af will be large. Same
as above, Figures 15d and 15e show that for a devia-
tion of reactive power e, it will give a value of slope
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Figure 15: The graph showing the change of slip coefficients (mp, mqg) and frequency and voltage as the load

increases

coeflicient my in the selected range of values, and we
see that when the deviation e, decreases, the slope co-
efficient m, increases and vice versa, at t=6s, the e,
deviation continues to decrease compared to the pre-
vious one, so the slope coefficient m, at continues to
increase. This is completely consistent with the fuzzy
control law established. Figure 15f shows that when
the slope coefficient m, changes, the voltage at the
output of the Droop-fuzzy logic controller or the out-
put voltage of the inverter also changes accordingly,
which is also completely consistent with equation (7)
and power curve in Figure 4b. The voltage value is
also calculated according to m, and e; in formula (7),
(8), voltage deviation from the norm is calculated in
Table 2. Table 2 shows that the voltage difference is
very small, to get this result is because we control the
slope of the power characteristic curve when the load
changes. Aswe see in Figure 5, if we do not change the
slope of the power curve Q/V when the load changes,
then a power deviation AQ will give a correspond-
ing voltage deviation AV, and when the load changes
more, then theAV will be large.

Figures 16 and 17 show the Droop-fuzzy logic con-
trol method for a good dynamic response as soon as

the load changes and the current and voltage stabilizes
well right after the load changes. The output power of
the inverters is divided exactly in a 1:1 ratio.

The simulation results above show that the proposed
method controls the correct sharing power for the in-
verters and reduces the voltage and frequency devia-
tion when the load changes suddenly, improving the
quality of the power supply for the load, and a good
dynamic response. The proposed method has over-
come the disadvantages of the conventional or im-
proved droop methods because the slope of this power
curve is always fixed, so when the load changes, the
voltage and frequency deviations cannot be adjusted
to improve power quality.

Case 2:

Two inverters have the same rated power, they are
connected in parallel, Simulate power division by the
proposed method.

Figure 18 shows that the proposed controller gives
good power division results, the power division re-
sults in the time period from Os to 5s have the follow-
ing deviations:
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Table 2: Table of results for frequency and voltage deviation from rated value

Load parameters

Z1 = 20+j3 (W)

72 = 104j2 (W)

(Af=£0-f)

Af=50-50.0276 =
-0.276(Hz)

Af=50-49.9686 =

0.0314(Hz)

(AV=V0-V)

AV=310-310.0016 =
-0.0016(V)

AV=310-309.98 =
0.002 (V)

2000

1500

1000

500}------4------

Q(Var)

1400

1200

1000

800

600
400f--
200}~

Figure 18: The graph of sharing active power, reactive power, and voltage at load when simulated by the proposed

droop-fuzzy controller

e,,% = (P,‘ - P*,’)/(P*,’).IOO% =
1110)/(1110).100% = 0.72 %

The error of sharing the reactive power of inverters for

(1118-

the period from Os to 5s:

eg% = (Q; - P*))/(Q*}).100% = (625-620)/(620).100%
=0.8%

This shows that the proposed method gives highly ac-
curate power division results.

Figure 19 shows that the conventional droop con-
troller gives poor power-sharing results, the error is
very large when sharing reactive power. The error of
sharing the reactive power of inverters for the period
from Os to 5s:

e4% = (Qi - P*))/(Q*,).100% = (644-620)/(620).100%
=38%

The voltage graph in Figure 18 also shows that the
voltage deviation given by the proposed drooping
fuzzy controller is very small, especially as the load
increases, the voltage drop is smaller than the voltage

graph in Figure 19.

Case 3:

Use the proposed method to divide the power be-
tween the two inverters according to the rated power
ratio of 2:1, Py,,1 =2P 40

Figure 20 shows that the proposed controller has
given the correct power-sharing results with the rated
power ratio 2:1, its transient response and steady-state
response are also very good, and the time steady-state
set up early.

Case 4:

Use the proposed method to divide the power be-
tween the three inverters according to the rated power
ratio of 1:1:1, Py,,1 =P ymo=Psn3-

Figure 21 shows that the proposed controller gave the
correct power-sharing results with the rated power ra-
tio 1:1:1, its steady-state response is very good, and the
time steady-state is set up early.

Case 5:

Use the proposed method to divide the power among
the three inverters according to the rated power ratio
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Figure 20: The graph of sharing active power, re-
droop-fuzzy controller
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Figure 21: The graph of sharing active power, re-
active power, and voltage at load by the proposed
droop-fuzzy controller

of 1:1:1, the load varying in this case.

Figure 22 shows that the proposed controller gave the
correct power-sharing results with the rated power ra-
tio even when the load has changed.

The above simulation results show that the proposed
controller gives good results, negligible deviation, and
relatively early setup time. Good voltage quality, low
voltage and frequency deviation.

CONCLUSION

In this paper, a sliding coefficient adjustment method
using fuzzy logic is proposed, improving the tradi-
tional droop controller. This innovation allows to sig-
nificantly improve the accuracy of power sharing for
inverters in the microgrid, improve the quality of volt-
age supplied to loads, and reduce frequency deviation.
The advantages of the proposed method were verified

by simulation for microgrids with two and three in-
verters.
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B6 diéu khién dién ap va tan sé cho cac bé nghich luu két néi song
song trong microgrid si dung logic m¢

Pham Thi Xuan Hoa"

TOM TAT

Hién nay, ndng lugng dién dugc tao ra tir cac nguén nang lugng tai tao dang dugc st dung ngay
cang rong rai. Cac nguén nang luong nay tap hop lai va hinh thanh nén mot ludi dién siéu nho.
Ludi dién siéu nho co thé hoat dong & ché dd doc lap hodc duac két ndi véi ludi dien. Khi ludi
dién siéu nho hoat dong & ché dé doc 1ap, n6 phai dugc diéu khién dé én dinh tan s6 va dién ap
trong ludi dién siéu nha. Bai viét nay dé xudt mot phuong phap diéu khién cong sudt cho cac bod
nghich luu trong ludi dién siéu nho, muc dich clia phuong phép dé xuét la 8n dinh tan sé va dién
ap trong ludi dién siéu nho. Bén canh do, phuong phép diéu khién dé xudt cling diéu chinh dién
ap va tan s dé cai thién chat lugng dién nang trong ludi dién siéu nhoé. Phuong phap dé xuat nay
dua trén logic ma dé dich chuyén d6 déc clia dusng cong dac tinh droop theo tai. Muc dich ctia
phucng phap dé xuat la cai thién dé chinh xac clia viéc chia sé cong suat cho cac bd nghich luu
trong udi dién siéu nho va nd clng lam giam doé léch dién ap va tan sé trong ludi dién siéu nho,
no cai thién chat lugng dién nang trong ludi dién siéu nho. Trong tam clia bai bao nay la cai thién
chat lugng dién ap két hap vdi chia sé cong sudt gitra cac bo nghich luu dé 8n dinh dién &p va tan
s& trong ludi dién siéu nhd bang cach cdi tién bo diéu khién droop truyén théng, vi bo diéu khién
droop don gian, dé trién khai, khéng can sit dung mang truyén théng, nhugc diém cla bd diéu
khién droop truyén théng la hé s droop c6 dinh. Bé diéu khién dugc dé xuét co thé diéu chinh
hé s droop theo su thay d6i tai dua trén suy luan logic ma, bd diéu khién don gian va c6 thé &p
dung cho cac ludi dién siéu nho phic tap véi nhiéu nguén dién va nhiéu bd nghich luu dugc két
ndi song song. Bo diéu khién dé xudt dugc méd phdng cho mot ludi dién siéu nhod doc 1ap vai ba bo
bién tan dugc két néi song song bdng phan mém Matlab/Simulink dé ching minh tinh pht hop
clia phuong phép dugc dé xuat.

Turkhoa: Diéu khién droop, chia sé cong sudt, diéu khién dién ap, diéu khién tan s6, logic ma
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