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A New Sliding Mode-Based Power Sharing Control Method for
Multiple Energy Sources in the Microgrid under Different
Conditions

Reza Sedaghafiand Mahmoud Reza Shakarami

A single-phase distributed generation (DG) sourcebedded in three-phase microgrids develop withs&ffaced
trend, it is important to make use of suitable powsiearing strategies among multiple DGs and utilgithe power
generation of these units to the full capacity.siéper presents an innovative sliding mode-baseekp control strategy
for microgrids. The multi-bus microgrid consiststlofee-phase DG units that are two photovoltaic XBkfay, and three
single-phase DG units including PV, battery and ftedl (FC). The dynamic modeling of all DGs is éd<n voltage
source inverter (VSI). One of the three-phase DX3es$ponsible for frequency and voltage controt #re other one for
current control. The single-phase DGs are contwlleased on the three-phase DGs. Finally, the veltagd power
control operations are implemented in a per-ungteyn. The proposed control strategy has a fastorespand the ability
to trace a reference signal with a low steady-stateor compared with the PI controller; moreovet,grovides the
accurate active and reactive power sharing amonegrgy units under various faults and loading corati§ along with
robustness against the microgrid parameters. Adddlly, the ability to maintain the dc-link voltagend frequency
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Photocurrent

Module reverse saturation current
Short current

Electron charge

Boltzman constant

Ideality factor

Surface temperature of PV cell
Parallel resistance of a PV cell
Series resistance of a PV cell
Short circuit temperature coefficient
Reference temperature

Reverse saturation current at T
Energy of the band gap for silicon
Number of cells in parallel
Number of cells in series

Solar radiation level

Rated open circuit voltage

Free reaction voltage

Faraday’s constant

Number of series connected cells
Ohmic resistance

Universal gas constant

FC output current

Battery capacity

Exponential capacity
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K Polarization voltage

Vo Open circuit voltage of the battery
Ry Internal resistance of the battery
ib Battery charging current

u Input signal of controller

Ui VSl output voltage

A Capacitor voltage

Ius Inductive current

lct Output current of the capacitor

lo Output current of the filter

Ve DC link voltage

X System state vector

/ Positive number
h Positive number
/L Constant positive number

| Maximum producible current of inverter-based DGtuni
I

Load current

[. INTRODUCTION

Rapid growth of demand for fossil fuels such asl,coa
petroleum, and natural gas moves the world towargsneral
tendency for the power generation through develppin
Renewable Energy Source (RES) units [1-3]. The rfeed
improving the reliability and power support in ekézal grid

along with a high demand for energy are becomimgagor
challenge encountered by modern power network&hdnast
decade, the growing number of consumers in the ddma
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management system needs a wide range of infrastesct
such as large power plants and distributed geerdG)
units [4].

Microgrid is a new concept consisting of RES urgtsergy
storage (ES) devices, DG units and loads. A middogr
basically an active distribution grid, which candyerated in
two operating modes, i.e., grid-connected and d@drmodes
[5]. In the grid-connected mode of operation, thieragrid is
connected to the main grid at the point of commoupting
(PCC), and the important task of each DG is to pced
pre-determined values of real and reactive pow&slii the
islanded mode of operation, the microgrid is seeardrom
the main grid, and in order to maintain the stapilbf
frequency, the power exchange among energy unitt bl
balanced [7].

Renewable energy source units, such as wind, R\, &t
highly unpredictable, intermittent in nature anchsgve to
weather conditions. These units cannot providecthestant
power conditions and guarantee the
continuously. Therefore, these units require iraégn with
the ES devices, and this combination is calledtaitiypower
system (HPS) [8]. For reliable operation of a migid, the
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between the DG units, this method can lead to syste
instability in conditions that the droop charadtcs has
small slopes [13]. Also, in this method to suitalplewer
sharing among the DGs in the microgrid, the voltagel
frequency deviate from their nominal value. A tvewél
structure based on multi-agent control is consiiene[14]
for the energy management of a microgrid that idetu
multiple DG units. In [15], a grid-connected micriy is
considered that includes wind, gas engine systafarfays,
and battery storage energy unit. This microgridpsep the
power needed for electric loads. The energy managem
method creates a precise balance between the cedsama
produced powers. In [16], an AC grid-connected ogcid is
proposed that contains PV units as main sources tlad
battery banks as energy storage units. All eneegpurces
are connected to the AC grid by the interfacingeiters. A
central control method for energy management isgded
that controls the real and reactive power of units. real

load demandpower sharing among distributed resource unitslif] jan

autonomous control method has been raised, in which
reactive power sharing is not evaluated. In [18P\aarray, a
diesel generator, and a battery bank in the miatogre

balance of power between production and consumptionconnected to the AC gird in order to support tredBwithin

should be maintained instantaneously. Therefore,pibwer
sharing is a challenge in the presence of RES ,ufi$s
devices and load demands. Many works have beecatedi
to power management in the multiple DGs-based mgitie
for various operating modes.

The performance of energy resources including SC, F
and PV for islanded microgrids has been studig@]imnder
unbalanced and nonlinear loading; however, the quegp
method is not very effective for power control amobG
units. Also, the DG units and loads are all threese, and
the single phase DG units and single-phase loatimtended.
In order to adjust the dc voltage, a fuzzy conérobased on
flatness feature is expressed in [10] for an autts
system containing of PV, FC, and SC. The proposetdral
strategy is only for the three-phase DG units erticrogrid,
and cannot be implemented for single-phase DG .uAit®,
the problems of active power sharing have beeniedudut
the reactive power sharing has not been evaluatddl], a
centralized coordination control method is appliedoroper

the microgrid. Moreover, in this structure, anothmattery
bank and PV array are employed to supply power for
communication and monitoring systems. Residentgalise

is provided by three parallel battery units usimgog control
approach in which network frequency is applied as
communication signal. Moreover, some other resegrtiave
considered the power management based on: H-efjih@],
fuzzy logic [20], network [21], Model Predictive 2P and
multi-agent [23] strategies.

In particular, faults in general and short-cirauitrents are
the very severe operating conditions in distributi@tworks
[24]. Different researches are discussed undecdineept of
transient stability subsequent to the fault eveomdition
[25-26]. In [27], a fault analysis approach for
inverter-interfaced DG units is expressed. Thisragph is
used to estimate the initial high current that awmeiter
interfaced DG unit under voltage control strategy @nject
during the first cycle of fault. In [28] considees direct
building method for energy sources-based microdrdng

power transfer between AC and DC buses. Althoughfault analysis. A novel scheme is attempted in [28]

centralized control approaches have a higher clisbitity
and predictability than decentralized ones, thesponse
speed and reliability are much less. Therefore,
inappropriate performance of controller can lead &o
complete network failure.

Droop method is a known approach for power manageme works suffer

control in microgrids that include several energgneration
units. In [12], a reactive power sharing approaelsed on
hierarchical droop control method is developedhdiligh the
droop controller does not require any communicatiok

improve microgrid performance under fault condifonith
battery units. However, this scheme has some liioita for

thea sustainable operation; that is, the remainincag® energy

of battery unit should be zero.

The control approaches mentioned in many of theipes
from some problems, such as: being
inappropriate for multi-bus microgrids and comples|tage
and frequency instability, dependence on commuigicat
links, unsuitable power sharing under differentltguslow
dynamic response, requiring additional control B®ognd
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dependence on system parameters. UpstreamNetwor

Sliding Mode Control (SMC) is a robust control nmth
for nonlinear systems with variable-structure tdaes not
require a lot of computational operations, and Hitke Z,
sensitivity to variations in system parameters. ifiddally,
the SMC approach applies a special version of éicanitrol, T,
which its functional behavior provides relative imnnity $
against external disturbances [30]. In [31], a Sh&3ed
direct approach for the voltage control of micrdgoiased on . z. 7. z.. z.
converters is proposed in which the output corgrodlue to
chattering phenomena is very weak. In [32], an Sikthod 5 & ix 1
is proposed that contains an inner SMC for theaggltand 2% AT’ Ny % ‘T‘ %l < ‘T’
current stability, and an outer voltage controlddo reduce L, L, L, L, M L,
the tracking error; however, application of the ttohmethod DG, DG, DG, DG, DG,
only for a single-phase inverter is implemented. e — b

It should be noted that the aforementioned workeeha Three Phas Single Phas

DGs & Loads DGs & Loads

been often limited to the microgrid based on thphase DGs,
and few researches have been done on power shamithg
control in the microgrid based on single-phase D@Gs.  microgrid.
addition, due to the aforementioned issues and some

disadvantages of the SMC approach, this study presa
new reactive and real power sharing control metifmd
multiple DG units based multi-bus microgrid. Theteey, FC,

Fig. 1. Single-line schematic diagram of the gridxeected

TABLE I.
THE GRID PARAMETERS

) ) Parameter Value

and photovoltaic array are considered as the thinese and
single-phase inverter-based DGs in the microgrithe T

. . Nominal Voltage (max) 400V AC
proposed power sharing control approach is basea oew _

. Nominal frequency 50 Hz

SMC, which can regulate the voltage, frequency poder i -
components of the DGs based on inverter. In additibe Inverter Rating 1000 kw

. . R 12.62 m ohm
proposed approach is robust, has a high-speed n&espo - T
compared to the conventional Pl controller and table crm

under different faults and loading conditions.

TABLE II.
THE MICROGRID PARAMETERS
The single-line diagram of the multi-bus microgrisl Quantity | Value

illustrated in Fig. 1. The microgrid contains twdGDunits Line
based on voltage source inverter (VSI), which idelu Base value Se=100 KVA — Vhaee=400 Voo
three-phase PV arrays (@nd DG). Moreover, three DG Upstream network | S=1 MVA — V=20 KV — X/R=11
units based on VSI that consist of single-phaseggr&orage Z. 0.275 + 0.346 pu
battery unit (DG), fuel cell unit (DG) and PV unit (D) are T. TMVA — 0.4/20 KV
included. The single-phase DG units are connected t Zn 0.012 +0.032 pu
phase-A, B, and C. The DG units provide almost mstant Zoa 0.023 + 0.036 pu
DC-bus voltage for the inverter. The loads are neias Zns 0.045 + 0.051 pu
constant-impedance, wherg, LL,, and s are single-phase Zoa 0.045 +j 0.051 pu
loads, while L and L are three-phase loads. The Zos 0.045 + 0.051 pu
single-phase loads are in the vicinity of the sAghase DG Voo 650 V
units. The loads are fed through three radial fedend the Vae 400 V
DGs supply feeders. Under a normal state, the eentir Frequency 50 Hz
microgrid system is in a balanced state. All infatimn about Three Phase DGs and Loads
the microgrid parameters and DG units are givemabhles |, DG, B0 KW, 40 KVAR
Il, and Hil. DG, 160 kW, 80 KVAR

Ly 30 kW, 15 kVAR

[ 30 kW, 15 kVAR




International Journal of Industrial Electronics, Control and Optimization

TABLE Il (continued)
Single Phase DGs

DG; | Battery @ A 60 kVA, cos=0.9
DG, | FC@B 60 kVA, cos =0.9
DGs | PVv@C 80 kVA, cos =0.9

Single Phase Loads (Symmetric)

Ls 20 kw, 10 kVAR
L4 20 kW, 10 kVAR
Ls 20 kW, 10 kVAR
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Fig. 2. Equivalent circuit model of a PV array.

TABLE 111
THE DG UNITS PARAMETERS

Quantity Value
parameters of PV array
Number of Series-Connected Modules per Strin 12
Number of Parallel Strings 80
Number of Cells per Module 96
Open Circuit Voltage 642.2 V
Short-Circuit Current 5.96 A
Diode Quality Factor 1.25
Parallel Resistance 1723 ohm
Series Resistance 0.0101 ohm
Forward Voltage of Diode 0.8V
parameters of Battery unit
Nominal Voltage 48 V
Rated Capacity 86 Ah
Initial State-Of-Charge 64 %
Internal Resistance 0.012 ohm
Full Charged Voltage 55.87 V
Number of Series-Connected Modules per Strin 14
Number of Parallel Strings 52
parameters of SOFC unit

Voltage at 0 Amper 52.2V
Voltage at 1 Amper 52.46 V
Nominal Operating Point {le, Vrate) (250 A,41.15V)
Number of Cells 125
Number of Parallel Strings 26
Operating Temperature 318 K
Nominal Air Flow Rate 732 Imp
Nominal Supply Pressure of Fuel 1.16 Bar
Nominal Supply Pressure of Air 1 Bar
SOFC Resistance 0.024 ohm
SOFC Response Time 1 second
Nominal Composition of Fuel (H2, 02, H20) (95.95, 21, 1)

A. Modeling of a PV unit with MPPT Algorithm
Fig. 2 shows the circuit model of a PV unit. Therent
output of the PV unit is obtained by dynamic equadi as

follows [33]:
=0l -0 o exp(ﬁ)@ﬂpﬁ »1r oo
(I SS0O k (T T ))

1000

e

Although a photovoltaic array has many benefiteriergy
production, its efficiency depends on some envirental
effects such as temperature, radiation level, sigadnd the
amount of dirt, which is very low. Therefore, theximum
power (MP) transmission of the PV array is esseénitiathis
paper, to reach the available MP point trackinge th
incremental conductance (IC) [34] approach is eygao in
which the subject of tracking MP is resolved undsggidly
changing atmospheric condition. The IC approadiaised on
the fact that the slope of the PV array power i® z the MP
point, positive on the left of the MP point and atige on the
right.

B. Modeling of a Solid Oxide Fuel Cell (SOFC) Unit

The considered dynamic model of the SOFC is based o
the relationship between the terminal voltage of(W¥¢) and
the partial pressures of water, hydrogen and oxy@asb,
P4, and R,), respectively [35]. The output voltage of SOFC
is determined in accordance with the Nernst's @qnaand
Ohm’s law as follows:

PO/S
Vie =Ng Eo+—(ln( oy @
Pio

C. Modeling of a Battery Unit

In order to show the battery energy storage mouhead,
significant parameters are considered that consfisthe
terminal voltage (V) and the state of charge (SOC) as
follows [36]:

V, =V, +R.i, - K—2—+ Aexp(B | dt)
Q+

i, dt ©)

dt
SOC=100(1+ ——) ©6)

In the studied microgrid in Figure 1, QGnd DG are
three-phase DG units based on the voltage souratan
(VSI) in the microgrid, which DG as a frequency and
voltage control resource is responsible for adpgstihe
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voltage of the microgrid in accordance with the tagé
reference signal. Additionally, DGhas considered as a
power control resource, which operates based orcuhent
reference signal and provides a certain amounad power
until its maximum capacity. It is assumed that tbad
currents are measurable. In order to control thglsiphase
DG units based on VSI (DEDG, and DG resources), their
current and voltage references are received from
corresponding phase of the current and voltagerabunits
(DG, and D@ sources), respectively. After determining the
power and voltage references, the single-phaseattems in
the per-unit system perform the power control bingigshe
proposed control method based on the new SMC.

A three-phase inverter-based DG unit with an outpgDt
filter is shown in Figure 3(a). For simplicity, &tst, the
modeling of single-phase inverter is described, det, the
equations are developed for the three-phase imgerlteis
considered that the structures of all phases iretphase
inverters are similar to each other. Figure 3(ljstrates the
model of a single-phase inverter [37].

it

U n C:'== = == J’ UO
|.A‘ Lr lon Grid
vc L Vo los -
Unit [ [ _®j’
VSI ) LC Filter Local E 4 é R
Load i ] E
AR
@
L, l,
—_— —_—
+ +
U, =uV, Ic.l::Cf V, | |Load
(b)

Fig. 3. (a)- Configuration of three-phase invedgstem with LC
filter, and (b)- the single-phase equivalent ciraifiinverter.

According to Fig. 3(b), the state space equatiohshe
single-phase inverter can be written as:

di,,
L, =U, =y, ™
dv
I, =1 I, 1 f
L c, Tlo [of f dt (8)
According to (7) and (8), we have:
1
0o — 0 |
d Vi _ C VY -2
— = +V, u+ C; 9
dt I, 1 I e
f R O f Lf 0
Lf

where state variables are capacitor voltage andcing
current.
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A. Sliding Mode Control Method

Sliding mode control (SMC) is a variable structure
approach, in which the controller output is theteys state
variables [38]. Some of the important benefits bfCSare its
robust stability against load, suitable dynamigpoese and
easy implementation. Theth order model of the system is
considered by the SMC, which can be expressed as:

X = (x)+g(x)ura( ¥ 49
where g(x) is the system disturbance and can be

attributed to noises and/or load variation. In orttetrack a
reference signal in SMC strategy, a sliding surfaased on
the system order should be defined. In this pagtate space
equation of the system is considered to be of érssecond
order; thus, these kinds of sliding surfaces arkéneé as
follows.
The sliding surfaceg() of the first-order system based on

the error between reference signgl,() and output x) can

be defined as:

S=X- Xy 11

The purpose of the control strategy is to minimibe
tracking error from reference signal. Therefore, derivative
of s must be equal to zero:

S=0® x xe= f(XF g X d(} %= ®

_ (12
Ueg = 97 OO F(X)- A Xer]

If the error between reference signal and outpuatefned
as X=X-Xy then the sliding surface of the

second-order system can be expressed as:

13

S =x+/x

If s isequalto zero, we have:
S=0® x Xt /X ®
f X X)+Hag(xQutd(X)- %, +/ %0
® U= g (F F(x X X d(® /4

14

In order to have a robust controller against exern
disturbances, the control law can be obtained as:

u=u, - ksign(9 @9

In order to verify stability of the defined contrdw, a
Lyapunov function ¥ (X)) must be considered; if the time

derivative of the Lyapunov function, (x)) is definitely
negative, the control strategy is stable. Thushaxee:
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V(x)=%SZ® V(%= SS-h|E (16)

B. Voltage-Frequency Controller
In this stage, for the voltage and frequency cdntice
voltage error can be written as:

X, =V, -V, an

K= G g Ve)= e gV 19
The reference signa/(, ) can be expressed as:

V. =V, sinmt) 19

Based on (17) and (18), equation (9) can be remriis:

0 1 0
:7 Xy — 1 o Xy + Vdc u+ Dot (20)
X - X
2 LC, > Lc, (t)
1 dl 1 d?
D(t)=-——2- - v
() C' dt L, C, ref dtz ref

According to (21), the state-space equation oftfstem is
of second order; therefore, the switching surfaee te
obtained as:

S=/"x+ %,/ 0 @D

Moreover, the sliding surface is obtained and aetetro so
that the equivalent control is determined as:

9s-0@ u=2Cp /w1 oo 22)

dt =y L. C,

As a result, the control law can be expressed as:

u=u,- K, sign9 @3
In order to assess the stability, the Lyapunov tionccan
be defined as:

V=S @4

the stability can be achievedif o, therefore, we have:
—c /. L C;
V =S §(-h® K“>Vdch @5)
in which ,, is the term of maximum disturbance & (t)
and D) £h -

©2019 [ECO 30

C. Current Controller
In this stage, the current control strategy willdesigned.
According to the output current, equations (8) 48y the
state space of system is first order. Therefore, dhstem
model can be written as:
d 1 \% d

=y 4 Ldel
de ° L, "L dt

(26)

furthermore, the sliding surface can be expressed a
S=1l,- 1 @7)

then, by settings equal to zero, the equivalent control can

be obtained as:
d . _ _ L
=S=0@ uy,=-_L

d
dt (“’\/v+ e |q + ;i{ Imv) CZE»

1 d
Vo L dt

As a result, the current control law can be expess:

u=u,- K./ sign9 29

To keep stability, the Lyapunov function proposed24)
is employed to determine the boundaries of the metar
K

S

K, Sth (30)

The DG unit has constraints for generation power;
therefore, the reference current signal magnitudestnie
limited [39]. Equation (31) indicates the limitaticon the
reference current. It is necessary to mentiondhagrcentage
of the load current is dedicated to the referencesat signal.
The considered formulation can be expressed as:

it | g | £ e ® then 1= 1 (€]

load load

if || |oad| lmx® then |ref: |:|Oad|| o
load

The block diagram of the proposed control strafegypG
units in the islanded microgrid is shown in Figdre
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Fig. 4. The studied microgrid containing of thrdeape and single-phase DG units with the contratesysy.

VI. SIMULATION RESULTS

During the time interval t=1 ¢0 t=2 s that L is in the
microgrid, the share of power production of each of
single-phase DG units is enhanced to 5 kW. Eaclthef
single-phase DG units including BA@G, and DG feeds its
local load, independently. Therefore, it is expdcteat all
consumption of single-phase loads is supplied kgehunits.

In figures 5, 6 and 7 the active and reactive pswef
single-phase DG units such as: battery, FC and RV a
illustrated, respectively. It is noteworthy thaetfesponse of
the proposed control method is faster than the eational

PI controller. Also, the steady-state error is etl

To demonstrate the appropriateness of the propocseér
sharing and control strategy, the performancelahded AC
microgrid has been studied in Matlab/Simulink eamment
under various scenarios, including balanced loading
conditions and different types of faults.

A. Operation under Balanced Load Conditions

In this case study, until t=1 s, the loadstd@ Ls are located
in the microgrid. The total reactive and active deds of all
these loads are 45 kVAR and 90 kW, respectivelywd?o
management between the three-phase and single-plagse
been conducted balancedsp that the share of each of Fig. 8 demonstrates the generated active and veacti
single-phase DG units is equal to 10 kVAR and 20. &Wv  power of the three-phase DG sources {B€d DG). As it is
t=1 s, the three-phase loagwith a demand of 20 kVAR and seen, the proposed control method has a suitabierpance
40 kW is added to the microgrid, and as expecteglppwer ~ compared to the Pl controller.
sharing is performed according to the generatigraciay of
the three-phase DG unitst t=2 s, the three-phase load ik
removed from the microgrid and it goes to normalditions.

]
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Fig. 5. Dynamic response and comparison betweepogsul an Pl controller of single-phase DGs in lidnoad conditions: (a)-
Active power output of battery unit (¥ (b)- Reactive power output of battery unit ()G
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B. Operation under Types of Faults experience much changes. Fig. 9 shows the active an
Single Line-to-Ground (L-G) Short Circuit Fault reactive powers of single-phase and three-phaseubi@.

It is assumed that the L-G fault occurs at the pain Because only the output power of one phase is Zerthe
common coupling (PCC) during the time interval &b t=2 three-phase DG units at the time of L-G fault, tlaetive and
s. An L-G fault occurs in one of the phases andhange can reactive output powers are two-thirds the valuesthie
be seen in other phases. Therefore, it is expabdoutput ~ absence of fault.
power of single-phase photovoltaic and batterysudid not

“
25 x10°

Active Power [W]
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Fig. 9. (a)- Active power output of the single-pbd3Gs, (b)- Reactive power output of the singlesgh@Gs, (c)- Active power output
of the three-phase DGs, and (d)- Reactive powegrubuif the three-phase DGs under L-G fault cond#io

Double Line-to-Ground (L-L-G) Short Circuit Fault Because the output power of the two phases is Zaro,
Similar to previous state, an L-L-G fault occurspinases  three-phase DG units at the time of the fault,rtaetive and
involving the single-phase PV and FC units at t@CPAt reactive output powers are one-third the valueswthe fault
the time of L-L-G fault, the phase that includedtéry unit does not exist. After removing the fault, the powearing
will not change. Fig. 10 illustrates the active ama@ctive = among DGs is performed according to the pre-faates
output powers of single-phase and three-phase Di&.un
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(@) (c)

(d)
(b)

Fig. 10. (a)- Active power output of the single-padGs, (b)- Reactive power output of the singlagghDGs, (c)- Active power output
of the three-phase DGs, and (d)- Reactive powgubuif the three-phase DGs under L-L-G fault caods.

Three-Phase-to-Ground (L-L-G) Short Circuit Fault  three-phase-to-ground fault, because the voltagel phases
In this part, an L-L-L-G fault occurs at the PCCdathe are simultaneously zero, the voltage of d-axis i{ainmo the
active and reactive output powers of all singlegghand  g-axis) will also be zero. In L-G and L-L-G faultsecause
three-phase DG units in the range of fault willzeeo due to  the voltage of only one or two phases is zero, dhexis
voltage is non-zero, and the value of the d-axikage is
Fig. 12 demonstrates the dg- voltage at the PC@emun decreased.
different faults. It can be seen that in the cade o

Fig. 11. (a) Fig. 11 .(c)
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(d)

(b)
Fig. 11. (a)- Active power output of the single-padGs, (b)- Reactive power output of the singlagghDGs, (c)- Active power output
of the three-phase DGs, and (d)- Reactive powgrututf the three-phase DGs under L-L-L-G fault déods.

@
(©

(b)
Fig. 12. (a)- dg-voltage under L-G fault, (b)- dgitage under L-L-G fault, (c)- dg-voltage under -G fault conditions.
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The desirable power sharing among DG resourcelen t
microgrid is necessary to keep a reliable powepbup AC
electrical loads. In this paper, a power managersehéeme
in a three-phase and single-phase DGs-based mitnagjing
a power control strategy based on new SMC. Theree we
three single-phase DGs that include PV, FC andehatt
storage units and two three-phase PV units in diious
microgrid. All DG resources were modeled dynamicdllhe
considered robust control method was designed favep
components control of DG resources in the microgfide
proposed control strategy has many advantages asidhst
dynamic response, low steady state error, voltagd a [11]
frequency stability and improving the microgrid feemance
under balanced loading and fault conditions. The
effectiveness of the proposed power control mettasibeen
verified by simulation results in Matlab/Simulinlofsvare
under different types of faults and loadings, amel tesults
were compared with the conventional Pl controlteshould
be noted that constraints such as the amount df dbarge,
filter capacity and the capacity of DG units shouié
considered in the design domain of the contro¢dast, the
future research directions can be focused on theepo
management strategies of AC/DC hybrid microgrids.
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