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In the recent period, developed countries
have resorted to using smart grids more
widely as a solution to the problems of
shortage of electric power, because it is the
most environmentally friendly due to its
reliance on renewable energy sources and

Microgrid; Power Sharing; Frequency
Control; MPPT; PID controller; PLL

ARTICLE INFO

Article history:

Received 19 Dec. 2021 - : :
Accepted 20 Feb. 2022 does not require expensive maintenance
Available online 15 Nov. 2021 due to the proximity of its stations to the

feeding areas. However, these networks
faced problems in sharing the required
power between the inverters of the user
stations, as well as regulating their
frequency when connected to the main
network to fill the shortage of electrical

©2022 COLLEGE OF ENGINEERING, TIKRIT
UNIVERSITY. THIS IS AN OPEN ACCESS ARTICLE
UNDER THE CC BY LICENSE

http://creativecommons.org/licenses/by/4.0/

Citation: Wali SA, Muhammed AA. Power
Sharing and Frequency Control in Inverter-
based Microgrids. Tikrit Journal of
Engineering Sciences 2022; 29(3): 70- 81.
http://doi.org/10.25130/tjes.29.3.8

energy. This paper aims to achieve the
actual sharing of power (Active and
Reactive) supply to the varying load
between the smart grid inverters by
designing a PID (Proportional, Integral,
Derivative) controller. PID controller gain
tuning by PSO (particle swarm
optimization) algorithm which is based on
PWM (Pulse Width Modulation) scaler
that feeds the Microgrid inverter switches.
Frequency control can be achieved when
connecting Microgrid with the main grid
by using PLL (Phase Locked Loop) to
generate a controlled reference signal for
the PID controller.
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1. INTRODUCTION

Due to the energy crisis and the highly
prominent environmental issues, the human
community has gathered to develop power
plants based on renewable energy sources with
low carbon and build a high environmental
civilization that helps human and economic
sustainability. Countries of the world such as
the United States, European countries, and
Japan have resorted to conducting numerous
research on the small grid system and put
forward the concept of smart grids in terms of
distributed energy, load, energy storage
devices, and control devices. formed many
power systems that supply energy in a
controlled and highly reliable manner by
relying on local energies [1]. For example,
North America generates an operating capacity
of about 2,088 MW according to [2]and Europe
comes in second place, with an operating
capacity of about 384 MW, It is followed by the
Asia Pacific region, with a capacity of 303MW,
and the capacity of microgrids in the rest of the
world is about 404MW. The microgrid is
defined as a group of distributed energy sources
(DESs), including renewable energy sources
(RESs) and energy storage systems (ESS),
released to the loads connected to them, which
work as a unified system that can be controlled.
Microgrids exist in different sizes, they may be
complex and large networks that may reach
tens of megawatts (MW), or they may be small
systems within the range of hundreds of
kilowatts (kW) where they supply a small
number of customers. The microgrid has many
configurations depending on its size and
function, it may be located connected to the
main network in grid-connecting mode (GCM)
or isolated from it in island mode (IM). In
(GCM) which is used to fill the shortage in
feeding the load, the microgrid must contain a
point of interconnection (POI) or the so-called
point of common coupling (PCC) with the large
main grid. The smart grid should have the
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possibility of a smooth transition to an island
mode that does not require both (PIO) and
(PCC) [3]. Microgrids face problems in addition
to their high advantages, including the
production of electrical energy, which varies
according to renewable energy sources, for
example, solar energy generation depends on
the efficiency of solar cells, the intensity of
radiation, and the temperature of the sun at
that time. This raises concerns about the quality
of the generated energy because it depends on
characteristics related to the irregular
fluctuation in energy sources [4]. This problem
is addressed by increasing battery energy
storage systems or adopting a hybrid system
from several energy sources such as adding
wind turbines or diesel generators to reduce
volatility due to climatic conditions [5].
Microgrids consist of several main parts
including the renewable energy source (RESs)
which generate electrical energy such as solar
energy by using a PV (photovoltaic) array. This
energy is amplified to the required level by
passing it through converters that have several
different types, the most common of which is
DC to DC boost converter, the required energy
coming out of the converter, which is in the
form of continuous energy, is often converted
into alternating energy by using the third part
of the microgrid, which is the inverter that
passes the AC output from the inverter through
the filter to obtain a pure sine wave that
supplies the load connected to it, as shown in
Fig .1 [6].

DC Bus (Vpc) AC Bus

s

DC/AC
Invertor

DC/DC
Convertor

PV Arrays

Fig .1. Configuration of Pv microgrid system.
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2.DC/DC BOOST CONVERTER WITH
MPPT ALGORITHM.

This type of converter is connected to one of the
types of renewable energy sources, for example,
the Photovoltaic (PV) Array, according to
projections by the International Energy Agency
(IEA), photovoltaic energy represents about
half of the development of renewable energy
generation systems. Governments and market
policies encourage the use of photovoltaic
energy in renewable energy systems due to its
many advantages, including its low cost and
accurate modeling, and it is considered the
most pioneering energy than other types of
renewable energies. The value of the photons
that generate current changes with the change
in temperature and radiation. Over the years,
scientists have tried to reduce losses that occur
by using photovoltaic energy and making solar
panels work at an optimal operating point in
various weather conditions. One of the most
problems facing photovoltaic panels is the
problem of partial shading condition (PSC).
The serial connection of the panels is more
susceptible to the problem of (PSC), but the
panels connected in parallel are more flexible
with the problem of partial shading problem.
Partial shading losses are reduced by following
steps [7]: (1) the integration of the bypass
diodes. (2) the application of tracking
techniques for global peak energy. (3) the use of
PV arrays according to the prominent pattern
distortion. (4) reconfiguring the PV arrays to
obtain the maximum power. This type of
converter is widely used with non-uniform DC
sources obtained from PV arrays that change in
efficiency with the change in the amount of
radiation and heat absorbed by the sun over
time. The converter circuit consists of four main
parts, an electronic switch inductor, a diode,

and an outplllt capacitor as shown in Fig .2 [8].
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Fig .2. DC/DC Boost Converter Circuit.

The DC/DC boost converter is designed from
two main parameters, the inductor and the
capacitor, which are calculated by calculating
the duty cycle for the input and output voltages
as shown in equation (1) [9].

p=1-Yn (1)

Vout
Where v;, is the input voltage, v,,,, is the output

voltage, D is the duty cycle ratio, and The
converter inductor and capacitor are each
calculated from the equations(2), and (3) below

[9].
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D*(1—D)?*RL

L= 2oFe . (2
D
c RLereg 3)

L is an inductor, RL is a resistive load, F; is
switching frequency, C is the output capacitor
and (r) is the ripple factor equal to 1% [10].
Depending on the storage capacity of the
converter and the relative length of the period
of connecting the electronic switch, the
converter operates in two modes, the first is the
continuous connection mode (CCM) when the
IGBT transistor is on, and the second mode is
the dis-continuous connection mode(DCM)
when the switch is off [8]. To control the
average DC voltage output, the amount of
power absorbed from the source must be
regulated by means of a maximum power point
tracking controller (MPPT). Each PV
(photovoltaic) array has its pv curve
specification which is the maximum power that
the source can give without damaging it or
disrupting it. There are several ways to write the
MPPT algorithm Including the (Perturb and
Observe) P&0O method used in the research
[11].

3.DC/AC INVERTER BASED ON PWM
SCALER AND PID CONTROLLER

Three phase inverter with a topology of four
legs based on a PWM (Pulse Width Modulation)
scaler and PID controller to control the
reference signal of PWM fits all (balanced,
unbalanced, and nonlinear) load cases [12] as
shown in Fig.3 used to convert DC voltage or
current to sine wave with many harmonics.
Inverters can be divided into three types
according to the way the inverter is equipped
with energy, which are: (1) Current source
inverter (CSI). (2) Impedance source inverter
(z-source inverter or ZSI). (3) Voltage source
inverter (VSI). Inverters use the configuration
of DC/AC converters. Inverters are divided
according to the formation of their circuit as
well into five types, namely: Three-phase full-
bridge current source inverter (CSI), Soft
switching inverter, Single-phase half-bridge
voltage source inverter (VSI), Single-phase full-
bridge (VSI), and Three-phase full-bridge (VSI)
[13]. Three-phase inverters with a topology of
four legs designed from 4-leg are connected,
three of which are 3 phase, and the fourth leg
represents the neutral, the topology of the
inverter consists of eight electronic switch,
which is an IGBT transistor that depends on
thePWM method to open and close it. The
switches called SA, SB, SC and SN are called
upper switches, which produce the positive
portion of the sine wave, and the SA’, SB’, SC’
and SN’ switches are called lower switches that
are open to displaying the negative portion of
the sine wave.
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Fig.3. Three-Phase Inverter with Four Leg Topology.

Pulse width modulation (PWM) is a powerful
technique for controlling analog circuits using
digital outputs because the analog signal has a
value that varies with time, and to control the
change in electronic devices, PWM technology
is used [14]. The PWM technology converts the
sinusoidal signal into digital with the same
amplitude, but with different dimensions,
which allows changing the amount of time in
which the signal is at a high value, the so-called
duty cycle or on time. The duty cycle expresses
in percentage, which is equal to the reciprocal
of the frequency of the reference signal. If the
signal value is high for half the time and low for
half the time, the duty cycle may be equal to
about 50%, the waveform is square, and the
ratio can be less or more in one signal. This
technique is practically done by comparing
(modeling) the sine wave signal as a reference
signal with the frequency required for the
inverter outputs (fundamental frequency) with
the carrier signal with a high frequency equal to
tens of times the fundamental frequency for the
inverter outputs. After converting the analog
signal into a digital signal of a certain
frequency, it connects the electronic switch
gates of the inverter as shown in Fig.3 to
convert both the current and DC voltage to AC
[13]. The LC filter is used to get rid of the
harmonics present in the output voltage wave of
the inverter, which causes large power losses in
the form of high heat in the loads and leads to
damage to the loads connected to the grid. The
LC filter is designed from two parameters, the
inductor, and the capacitor, according to the
type of inverter designed, and they are
calculated from the two equations(4), and (5)
below [15].

3+V3
Lmax = 10*wo*Sy, (4)
__ 0.05%Py
Cr = st . (5)
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Where V, is voltage line to line, wo is the
fundamental frequency,S,, Is appearance power
and P, is rated power. The PID controller is
used as a kind of closed-loop controller, as it
relies on one of the system's parameters, which
brings it a value or a signal, and on its basis, it
organizes the work of the system as shown in
Fig.4. From its name, it combines proportional,
integrated, and derived control units. The
purpose of using PID is to force the system to
work according to a specific point or wave. It is
preferable to use a PID controller due to its
small mass, the speed of its interaction with the
changes taking place in the system, and its high
efficiency in bringing the system back to the
desired point and level. Fig.5 shows the step
response of the system (rise time, settling time,
overshoot, and steady-state error) that affect
the gain values for a proportional controller
(Kp), integral controller (K;) and derivative
controller (K;) of the PID controller [16].

Fig.4. Closed Loop PID Controller.
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*t%j
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Settiing time
Fig.5. Step Response of the System.

0.1

The selected controller gains affect the step
response of the system, each one differently.
For example, the (Kp) reduces the rise time,
affects a little in the settling time, increases
overshoot with its increase, and in turn reduces
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the steady state error time. As for the (K;), it
slightly changes the rise time, reduces the
settling time, reduces the over-shoot, and does
not affect the steady-state error time, and for
the (Ky), it is reducing rise time, increases by
the settling time, increases the over-shoot, and
it eliminates steady state error time [17]. The
behavior of three-phase systems is given by the
equation of voltage and current and its change
with time, so the mathematical modeling for
these systems is very difficult and must be
converted to two-phase using the Park and
Clark Transformation Method to convert to
DQo frame as shown in the equations below
[12].

E,y=(SA-SN) Vdc ......(6)

Egy = (SB—-SN) Vde....(7)

Eqy =(SC-SN) Vdc ....(8)
Where E,y, Egy and Egyare output voltage, SA,
SB, SC, and SN are control signals for four leg
inverter, if equal to 1 that means the upper
switches close and open lower switches else
equal to o the upper switches open and lower
close. Vdc is the input DC voltage of the
inverter. The mathematical model in ABC
coordinates for the system can be written as
equations (9), and (10) below.

Eyn 4 IA Va
EBN] = LE 5| ...(9)
ECN I Ve
Lia VA
[ l_ Ig +C ...(10)
Iic c

Where I,,, I,; and [, are currents after the
filter. The matrix that transforms the ABC
system into the QDo system is represented by
equation (11) below.

2m 2m
cos(wt) cos | wt — ? cos | wt + ?

T= g —sin(wt) - sin(wt — 2?”) ...(11)

) 2r,
— sin(wt + ?)
1 1 1

2 2 2
Where o is the angular frequency of the

current, the voltage and the current in QDo can
be represented as the equation (12), (13):

EQ = T‘ EhN . (12)
Ey Ecn
ID IA
[lo =T|lz| ..@(13)
10 IC

By substituting equation No. (12) and (13) in
Equations No. (9) and (10), it becomes as
follows:

Ep . Ip —I Vp
EQ =L IQ +oL| I, .. (14)
0 Vo
Ip Vo Vo
[l I +C VQ +wC| v, |...(15)
Ipo Vo 0

Where (Vp,Vq:Vo),(ILp,ILqsL0)are the voltage
and current of the load respectively. From
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equation (14) the voltage droop on LC filter
inductance can be written as equation (16):

VFD
o] o

VF 0
The amount of the PID controller gains used to
control the system in QDo coordinate.PID
controller provides references to voltage drop
by current feedback control.

Vep Ipr=1Ip
Vro | =(Kp+K;/s+Kys) 1o — Io| ... (17)
VFO IOI - IO

And by substituting equation No. (17) into
Equation No. (14), it becomes as follows:

Ep Ipr=1Ip -I,1 Wb
Eq| =(Kp+K;/s+K,s) [lor — Io| +@L| I, .. (18)
E, Iy — 1, 0 Vo

Where Iy, I, I are references value of output
current of inverse when PID interacts with a
capacitor of the LC filter, which becomes:

VD VD’ - VD
c% Vol =(Kp+K;/s+K;8) |Vor = Vo ... (19)
0 Vb’ —-D%

Where V,/, V1,V are references value of load

voltage by substituting equation No. (19) into
Equation No. (15), it becomes as follow5'

ID [ILD Vpr =Vp
1Q|=|1LQ | +(Kp+Kils+K )| Vor — Vo o] v VD ... (20)
10l Lo Vy =V, 0

4. TRANSFER FUNCTION OF THE
SYSTEM AND TUNNING OF PID
CONTROLLER BY PSO TECHNIQUE.
The transfer function is defined as the ratio of
the Laplace transform of output to the Laplace
transform of input when all initial conditions
are zero. To find the transfer function of the
microgrid designed as in Fig.6 consisting of an
LC filter connected to any type of load
represented by the symbol RL.

. Lo
c I

Fig .6. LC-Filter with Connected Load.

To convert the LC filter circuit connected to the
RL load to the S-domain, the inductor becomes
SL and the capacitor 1/SC, and the RL load
remains as it is, assuming that it is a resistive
load. The circuit is shortened by adding the
parallel sides together, i.e. 1/SC // RL as shown
below.

out Ry,

1
_ RLx(zp) (2D
RL+(L) 1+SCRL "
Transfer Function = —_ =G(s) = ..(22)

ZC+SL "
And by substituting equatlon (21) into equation
(22), the transfer function of Fig.6 is
represented by equation (23) below.
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G2
SZ+S((C*;L))+1/(LC)
The gains of the PID controller (K,, K;, K;) are
determined by a practical swarm optimization
(PSO) technique that depends on the transfer
function of the microgrid shown in equation
(23), The PSO algorithm depends on the social
behavior of animals such as insects, birds, and
fish. In particular, the cooperative method
adopted by the members of one swarm to find
food, where each member of the swarm changes
the search pattern according to his own
experiences. This technique is characterized by
simultaneously searching in a large area to find
the area in which the optimal solution lies [18].
All these things must be specified: the objective
function (the function it is desired maximum or
minimum), the decision variable (a quantity
that the decision-maker controls), and the
search space to be able to write a PSO
algorithm. PSO follows this procedure in its
performance first initializations by giving initial
values of the population (N), initial values of
position (X), and velocity (V). Second, update
both the position and velocity through the two
equations (10 & 11) below. Thirdly and finally,
the counter is increased by one until you
operate according to the required number of
attrition [19].

Vi) =w Vi (t = 1) + ¢ * 13 (Ppese : — Xi(t —

1)) T Cy*7y (gbest - X;(t— 1)) ..(24)
Xi(0) = X;(t - 1) +Vi(©) ...(25)

Where
V;(t) is the velocity for a new iteration.
V;(t —1) is the velocity for the previous
iteration.
X;(t) is the position for a new iteration.
X;(t—1) is the position for the previous
iteration.
w is inertia weight.
¢, and ¢, are individual and social cognitive.
r; and r, are a random number in the range (o-

1).

5.CONNECTING MODE OF MICROGRID
WITH PHASE-LOCKED LOOP (PLL)

There are two modes in which the microgrid
operates, island mode, is called when the smart
grid supplies the loads alone and without
connecting them to the main grid. In peak times
and insufficient power is supplied by the
microgrid, the main grid is used to fill the
shortage, in this case, the microgrid work in a
grid-connecting mode. When connecting the
two grids with the same load, the loads will face
the problem of incompatibility in the frequency
of the voltage and the current waves supplied by
two different grids, so it needs a controller that
regulates the frequency. In the design, phase-
locked loop(PLL) control was used, which
regulates the phase of the two waves. Phase

G(s) =

...(23)
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Input

locked loop (PLL) is a control unit that
generates an output signal whose phase is
related to the phase of the input signal. PLL has
several types, but the simplest of them consists
of an electronic circuit, as shown in Fig .7,
which consists of a detector, that compares the
input phase with the phase of the feedback
signal. filter loop, a filter may be a low pass
filter, which passes frequencies lower than the
cut-off frequency and prevents the passage of
frequencies higher than the frequencies above
the cut-off. variable frequency oscillator whose
frequency is determined by the applied voltage,
which is why it is called a voltage-controller

oscillator [20].
u,/(r)

Uil
Ref "o phase | tpdl® Loop Voltage- | t,,(1)
Detector Filter Controlled
Oscillator

Fig .7. Phase Locked Loop Block Diagram

The oscillator generates a periodic signal at a
specific frequency and with feedback, it is
compared through the detector with the
periodic signal of the input thus the phase is
adjusted, and maintaining the input and output
phase means maintaining the frequency of
both. The PLL controller is used in the
microgrid if it is connected to the main network
in the grid- connecting mode clauses work to
control the phase of the two networks feeding
the same load without any difference in their
frequencies.

6.DESIGNED CIRCUIT
SIMULATION RESULT

The mathematical equations and circuits
designed using the MATLAB/ SIMULINK
program with Simescap tools are applied to
receive the results after determining the
parameters of the system as shown in Table 1
below. The designed smart grid circuit can be
illustrated in Fig.8.

AND

Table 1. Main parameter of the system

parameters values
InverteirnDpl(lltvoltage Vdee 800 v
Sampling time T, = 24S
Switching _
frequency F, = 5000 Hz
Fundamental
frequency F=50 Hz
DC capacitance
II;nk C4c = 1000uF
LC filter Lingx=1.5mH , Cp=

100uF

Output

» Output
Signal
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e i
o L 1 | il
[PWM
MPPT Controller = .D (=
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51 .

Power Efficiency
HF-——
G

- HDJ}_]“}}UU

Sl

Fig.8. Designed PV Micro Grid Connected to Linear Unbalanced Inductive

Loads simulated by Matlab.

The circuit in Fig.8 consists of a pv generator
with a boost converter to amplify the dc voltage
to the required amount and thus pass it through
a 4-leg inverter topology as in Fig .9 to convert
the DC voltage to AC and then depend on the LC

a

m

VWM3

filter to obtain a pure sine wave voltage and
current free of harmonics to feed different types
of loads connected to the circuit as shown in
Table 2.

BWMT

j @ BWM1 _

r
SB Eﬁ% sc lh1— SN 51—

VDC+ 2
SA lh —
] VA
2>

A
7

D

VB vC

—<32

VDC-

Fig.9. Three Phase 4-leg Inverter Topology.

Table 2. Different load parameter

Case

Load parameter value

1- Balanced resistive load

2- Unbalanced resistive load

3- Balanced inductive load

4-Unbalanced inductive load

5-Nonlinear unbalanced load

(RA, RB, RC) = 15Q
RA=5Q, RB=10 Q, RC=c

(RA, RB, RC) =10Q
(LA, LB, LC) = 20 mH

RA=5Q, RB=10 Q, RC=x
LA=10mH ,LB= 30 mH

RA= 20 Q, LA= 50 mH
RB1=1Q, RB2=60 Q, CB=3000 puF
RC=70 Q, LC=20 mH,Cc=5000 puF
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6.1 Case One: Balance Resistive Linear
Load

The designed microgrid is connected to a linear
balanced resistive load, i.e., equal in value. Each
phase is connected to 15Q (R,, Ry, R.= 15Q0)),
and it is implemented by the Matlab Simulink
program to obtain the shape and value of each
of the voltage and current feeding this type of
load as shown in Fig .9. It noted through the
results presented in Fig .10 at 0.25 second, the
situation changes from no microgrid load to
microgrid load mode with balanced resistive
load. The voltages of the three phases are equal
and equal to the value of the reference signal
connected to the PID controller, which is within
230V (V,=Vz=V; =230V), and the currents I,, Iy
and I are equal to equal the values of the loads
connected to them, which are within 18 A.

6.2 Case Two: Unbalance Resistive
Linear Load

The designed microgrid is connected to a linear
unbalanced resistive load, i.e., unequal in value.
Each phase is connected to a load randomly
selected as follows (R,=5 Q,R,=10 Q,R =),
and it is implemented by the Matlab Simulink
program to obtain the shape and value of each
of the voltage and current feeding this type of
load as shown in Fig .11. The voltages of the
three phases are equal to the value of the

TV Y

0.32

DRV

0.34 0.36 0.38 0.4

Time (seconds)

Fig. 11. Three Phase Voltage and Current for Designed Micro Grid Connected to Linear Unbalanced
Resistive Loads.
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reference signal connected to the PID
controller, which is within 230V
(V,=Vg=V=230V). the currents I,,/zand I, are
unequal because of different values of the loads
connected to them, Where I, is recorded close
to 42 A for phase A to connect it to the lowest
resistance value which is 5 Q, while for phase B
it records about 20 A to connect it to a
resistance value of 10Q and phase C records
zero amperes because it is open circuit as shown
in Fig .11.

6.3 Case Three: Balance Inductive
Linear Load

The designed microgrid is connected to a linear
balanced inductive load, i.e. equal in value.
Each phase is connected to a load randomly
selected as follows (R,=10 Q and L,=20m
H,R,=10 Q and L,= 20 m H, R.,=10 Q and
L.=20om H), and it is implemented by the
Matlab Simulink program to obtain the shape
and value of each of the voltage and current
feeding this type of load as shown in Fig .12. The
voltages of the three phases are equal and equal
to the value of the reference signal connected to
the PID controller, which is within 230V
(V4=Vz=V=230V), and the currents I,,Izand I
are equal because of equal loads connected to
them, which are within 20 A as shown in Fig.12.
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Fig. 12. Three Phase Voltage and Current for Designed Micro Grid Connected to Linear
Balanced Inductive Loads.
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Fig. 13. Three Phase Voltage and Current for Designed Micro Grid Connected to Linear

Unbalanced

6.4 Case Four: Unbalance Inductive
Linear Load

The designed microgrid is connected to a linear
unbalanced inductive load, i.e., unequal in
value. Each phase is connected to a load
randomly selected as follows (R,=5 Q and
L,=10m H,R,=10 Q and L,= 30 m H, R ,=x)),
and it is implemented by the Matlab Simulink
program to obtain the shape and value of each
of the voltage and current feeding this type of
load as shown in Fig .13. The voltages of the
three phases are equal and equal to the value of
the reference signal connected to the PID
controller, which is within 230V
(V,=Vg=V=230V), and the currentsl,,lzand I,
are unequal because of different values of the
inductive loads connected to them, Where I, is

Inductive Loads.

recorded close to 40 A for phase A to connect it
to the lowest resistance and inductive value
which are 5 Q and 10m H, while for phase B it
records about 19 A to connect it to a resistance
value of 10Q and inductive value of 3om H,
phase C records zero amperes because it is open
circuit, as shown in Fig .13.

6.5 Case Five: Non- Linear Load

The designed microgrid is connected to a non-
linear load, i.e., unequal in value. Each phase is
connected to the load as follows (R,=20 Q and
L,=50m H,R,;=1Q. R,,=60Q and C,= 3000
uF, R.=70 Q. L,=20m H and C,= 5000 uF),
shown in Fig .14, and it is implemented by the
Matlab Simulink program to obtain the shape
and value of each of the voltage and current
feeding this type of load as shown in Fig .15.
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Fig. 14. Topology of Non-Linear Load Connected to Designed Micro Grid.
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Fig. 15. Three Phase Voltage and Current for Designed Micro Grid
Connected to Non-Linear Loads.

The voltages of the three phases are equal and
equal to the value of the reference signal
connected to the PID controller, which is within
230 v(V,=Vz=V,=230V), and the
currentsly,lzand I, have not uniform shape
because connected to a non-linear load, as
shown in Fig .15. To fill the shortage of energy

supplied to the consumer, the micro grid is
connected to the main grid, as shown in Fig .16.
Connecting the designed grid that relies on
solar energy with another grid that relies on
wind power to generate electric power and
linking them together to the main grid. More
details shown in Fig .16.

[PV Array Breacker

o (] [ 1
e ] [ -1
O - o= —
e ool = =
=]
[PWN of PV Array Convertes [WPPT Controller of PV Array |
o4 -
FLL Cortraller 0 ||ooF & .
. =
=0 e ., -
{ C
Referance Voltage Generator| / . . [ [
0 1 —C Y =
. W' Bl rrﬂ ol =4 g
. -~ —0 —
L o od ) .-
|-
)]H][:j:&: j—G o
DCTAC Tnverter
e ;ﬂ [LC-Fiter
[Wiond Torbine Generator ! - Wind Bnacki
QZ
T —

IPWM of Wind Converter
o 1a

MPPT Controller of Wind
L

001000

J g g

\_,ﬁ%—j j:} H

o _D;B)TF

Fig. 16. Grid-Connecting Mode of Designed Micro Grid.
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In grid-connecting mode, the PLL controller is
used to match and synchronlze the phases of
the grids connected to the same load as shown
in Fig .17, the voltage of the main grid is
synchronized with the voltage generated by the
designed solar power system. Fig .18 shows the
frequency compatibility between the main grid
and the wind energy grid. Thus the frequency
control can be verified by the proposed design
in Fig .18. The results in Fig .19 show the actual
sharing between the designed grid and the
network based on wind energy by supplying the
active power required by the load connected to
them at 0.3s and it is about 0.0364 kW because
the value of the connected load is small only to
implement the design and indicate the
achievement of the goals for which it was
designed. Fig .20 shows the lack of reactive
power close to zero in both grids.
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Fig. 19. Active Power Sharing between
Designed Micro Grid and Wind Turbin
Generator Grid.
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Fig. 20. Reactive Power Sharing between
Designed Micro Grid and Wind Turbin
Generator Grid.

7. CONCLUSION

The designed system of control of a smart grid
powered by solar energy using a PV array with
a proposed PID controller which selected values
by PSO technique was verified, based on the
results has a high control in regulating the
voltage and the current supplying different
types of loads linear, non-linear, balanced and
unbalanced loads, after connecting the smart
grid designed with the main grid to cover the
shortage and working in grid connecting mode
to feed the same load, condition of power-
sharing was achieved for active power and
reactive power due to the regulated voltage and
current. Connecting the smart grid to the main
via the PLL controller, the condition of
regulating the frequency between both
networks feeding the same load has been
fulfilled.
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