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ABSTRACT: The smart grid design aims to provide overall power system monitoring, protection and control
strategies to maintain system performance, stability and security. This paper develops control strategies for
smart hybrid micro grid systems. A hybrid AC/DC micro grid is simulated and integrated to the AC system with
appropriate control capability. The converter control strategies for grid connected and islanding mode are
presented. A real-time energy management algorithm in hybrid micro grid systems is proposed to evaluate the
effects of using energy storage resources and their use in mitigating heavy load impacts on system stability and
operational security. MATLAB/SIMULINK is used to create and simulate the proposed system.
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I. INTRODUCTION S
The smart grid concept is currently )

prevailing in the electric power industry [1-5]. The Lo GD DN R e I.Jl] Load
objective of constructing a smart grid is to provide — !
reliable, high quality electric power to digital Fig. 1. Equivalent circuit of a solar cell
societies in an environmentally friendly and
sustainable way. The dc micro grid has been
proposed [6]-[7] to integrate various distributed
generators. One of most important futures of a
smart grid is the advanced structure which can
facilitate the connections of various ac and dc
generation systems, energy storage options, and
various ac and dc loads with the optimal asset
utilization and operation efficiency. To achieve
these goals, power electronics technology plays a
most important role to interface different sources
and loads to a smart grid. A hybrid ac/dc micro grid
is proposed in this paper to reduce processes of (1)
multiple reverse conversions in an individual acor
dc grid and to facilitate the connection of various Lpn= (Im+ki (T— Tr))'
renewable ac and dc sources and loads to power
system. Since energy management, control, and @

operation of a hybrid grid are more complicated 2 i
- - - - - _ ']‘ q gE.'p 1 1
than those of an individualac or dc grid, different - I"(-r_,.) exp ((T) .(T_r_ ;))(3)
B. Modeling of Battery:

Fig 1 shows the equivalent circuit of a PV panel
with a load. The current output of the PV panel is
modeled by the following threeequations.

Ipv = Nplgy — Npley X [Exp (%) (‘:1_% *
IP'-‘R‘)) - 1]

3
1000

operating modes of a hybrid ac/dc grid have been
investigated. The coordination control schemes
among various converters have been proposed to

harness maximum power from renewable power
sources, to minimize power transfer between ac
and dc networks, and to maintain the stable
operation of both ac and dc grids under variable
supply and demand conditions when the hybrid
grid operates in both grid-tied and islandingmodes.

Il. MOQELINGYOFCOMPONENETS
A.  Modeling of P\#Panel:

Two important parameters to represent state of a
battery are terminal voltage vh and state of charge
(SOC) as follows

4)
SOC= 100 (5)

inductance, is the flux linkage, u and i
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represent voltage and current respectively,w1 and
o2 are the angular synchronous speed and slip
speed respectively, 02 = ol- or ,Tm is the
mechanical torque, Tem is the electromagnetic
torque.

Where Rb is internal resistance of the
battery, Vo is the open circuit voltage of the
battery, ib is battery charging current, K is
polarization voltage, Q is battery capacity, A is
exponential voltage, B and is exponentialcapacity.
C. Modeling of Wind TurbineGenerator:

Power output Pm from a Wind Turbine Generator
(WTG) is determined by (6)

P,, = 0.5 p AC, (A BIV,3(6)

Where p is air density, A is rotor swept
area, Vo is wind speed, and C,, (A B)is the power
coefficient, which is the function of tip sgeed ratio
and pitch anglef.The mathematical models of a
double fed induction generator (DFIG) are essential
requirement for its control system. The voltage
equations of an induction motor in a rotating d-q
coordinate are as follows:

Uds -, 0 0 0 s

“"P“ _ U - IE* '-.] U I! i

Uge | 0 0 k. 0 fedy

Uy 0 ] 0 i, J'q.,.
f\rf.\ 1 _'“Jl-"l‘q.k

)\, g wn .a\c;,..

r +
+ !‘ ;\”h. J _w:}l'f"

f\t;r' WaAdr 7
r‘.hhi = L,u “ L'r” “ f‘rl'.i
.-‘l.-;,. _ ” T ﬂ l;-l:m ';f_!'.\
-“‘dr' | =L m 0 Lr 0 flu.h'
Aer 0 —Lw 0 L) Lip

(8)
The dynamic equation ofthe DFIG
Lé&r_g -1 ©)
n, dt m m
Tom = “me{iq:‘In‘r - I,”a'q,.] (10

Vector equations i the stator voltage orented
reference frame are i
. L - Ly | - Lol
lje=——= T =Ny = Al g=— (11
ds Ly bar om P, star & [ (e3Y)
dedy
dt = (Wl _Wr]{tm[q:"“lvr:qr] {12)
. di . .
Ugr = Rylgr + 0L, =2 4 (wy — ) (Lppigs + Lylgy)

(13)

Uge = Rplge + 0ly

I1l. CONTROLSTRATEGIES
A. Grid connectedMode
Block diagram of boost converter and main
converter is given in Fig.2.
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Eig. 2. Block diagram of boost converter and main
converter.

The reference value of the solar panel
terminal voltage is determined by the basic
perturbation and observation (P&O) algorithm
based on solar irradiation and temperature to
harness the maximum power. Dual-loop control
scheme is applied for the PV system to track
optimal solar power .The outer voltage loop
guarantee reference voltage tracking with zero
steady-state error and the inner current loop can
improve dynamic response. Two PI controllers are
used for real and reactive powercontrol

Where the subscripts d, g ,s, and denote d-
axis, Q- axis, stator, and rotor respectively, L
represents the respectively. When resource
conditions or load capacities change, the dc bus
voltage is adjusted to constant through PI
regulation. The PI controller is set as instantaneous
active current id reference whereas the
instantaneous reactive current iq reference is
determined by reactive power compensationcomm
and. The rotor rotational speed is obtained through
the maximum power point tracking (MPPT)
algorithm, which is based on the power and speed
characteristic of the wind turbine. The rotational
speed and mechanical power are wused to
calculate the electromagnetic torque . Axis rotor
side current reference is determinedbased onT.,
through stator flux estimation. The rotor side
d-q voltages are maintained through
controlling the corresponding current with
appropriate feed forward voltage compensation.
The direct torque control logic diagram is shown in
Fig.3.
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Fig. 3. The direct torque control scheme for the
rotor side converter

B. IsolatedMode:

When the hybrid grid operates in the
islanding mode, the boost converter and the back-
to-back ac/dc/ac converter of the DFIG may
operate in the on-MPPT or off-MPPT based on
system power balance and energy constraints. The
main converter acts as a voltage source to provide a
stable vBjtage and frequency for the ac grid and
operates either in inverter or converter mode for the
smooth power exchange between ac and dc links.
The battery converter operates either in charging or
discharging mode based on power balance in the
system. The dc- link voltage is maintained by either
the battery or the boost converter based on system
operating condition. Powers under various load and
supply conditions should be balanced asfollows:
based on the systemnet powerP,..and the energy
constraints and the charging/discharging rate of
battery. The energy constraints of the battery are
determined based on the state of charge (SOC)
limits using SOC,;, < SOC = SOC,,,,...fromFig.4.

The constraint of charging and
dischargingrateisP;, = Ppn..- At local level, the
individual converters operate based on mode
commends from the EMS. The battery converter
may operate in theidle,
charging, or discharging mode for different cases.
The main converter will operate in the inverter
mode if P,.;) is negative or in the converter mode
withpositive ). Load shedding is required to
maintain power balance if power supply is less than
demand and the battery is at the minimumSOC.
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Fig.4. Control mode diagram for the isolated hybrid
grid

va+Pw= ack +Pch+PIuss+PEJ
Where is the total gridlosses
(14)

By oy s convertr
"l':"ig.S. Time average equivalent circuit model for
threeconverters.
Bop + By = Fyop + Fyep + e + P (14)

Where P, s the total gridlosses

Two level coordination controls are used
to maintain system stable operation. At the system
level, operation modes of the individual converters
are determined by the energy management system
(EMS) The time average equivalent circuit model
of the booster, main converter, and battery
converter for the isolated operation is shown in
Figh. The current and voltage equations for the
battery converter and dc link are asfollows:
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di .
p-V,= Lg.d—: + Ryiy15)
Vp = Vg.d; (16)
. S : av,
i(1=d) =iy =iy —ipdy =i, = Cﬂ‘d_: (1

Where dsand (1 — dyJare the duty ratio of the
switches ST-andSTgrespectively.

The ac side current equations of the main converter
in
d-q coordinate are as follows:

d [Vsa] [ta 0 @] [Vsd Lyg
CEE [Usq}:[iq] + [—G} U} [USQ] - [ivq](lg)
Where i,4and i qare d-q currents at the converter
side of the transformerrespectively. To provide a
stable dc-link voltage, the dual loop control scheme
is applied for the battery converter. The injection
current I;,givenas
Iy =13(1—dy) — g — g,

It should be noted that the output of the
outer voltage loop is multiplied by( -1) before it is
set as the inner loop current reference. Current ip4is
defined positive when flowing into the battery,
where the preset dc- link voltage V. is set to
constant 400 V. Thebattery converter is transferred
from discharging into charging mode in this control
method. The main converter provides a stable ac

bus voltage for the DFIG converter as shown in the
bottom of Fig.6
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Fig.6. Block diagram of the battery and main
converters for the normal case

The coordinated control block diagram for
the normal case is shown in Fig. 7. The control
objectives for the converters change when the

system transfers from one operating scenario to
another. The boost converter provides a stable dc-
link voltage. The main converter is controlled to
provide a stable ac bus voltage. The current I,is
equal t0 i, +ig. +ipds

and dy,is equal to (1 —d,).
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Maximum changmg cument | § +
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Fig.7. Block diagram of the booster and battery
converter for Case 1

The anti-islanding technique is one of the
essential functions for reliable operation of
distributed generation systems [8-10]. Many anti-
islanding detection and control schemes have been
developed for conventional and power-converter-
based distributed generators and various micro
grids [11].

IV. SIMULATION RESULTS

The operations of the hybrid under various
sources and load conditions are simulated by using
Matlab and verified the proposed control
algorithms. The simulation results are presented in
two cases with grid connected mode and
isolatedmode.

Case (i): Grid connected Mode:

In case of grid connected mode the main
converter operates in the PQ mode. Power is
balanced by the utility grid. The battery is fully
charged and operates in the rest mode in the
simulation. The AC bus voltage is maintained by
the utility grid and DC bus voltage is maintained by
the main converter. The optimal terminal voltage is
determined using the basic P&O algorithm based
on the corresponding solarirradiation. Figure 8
shows the voltage (0.2 times voltage for
comparison) and current response at the AC side of
the main converter when the solar irradiation level
decreases  from 1000W/ mZat 0.3seconds to
400W/ at 0.4seconds with a fixed DC load 20KW.
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Fig.8. Ac side voltage and current of the main
converter with variable solar irradiation level and
constant DCload

Figure 9 shows the current directions that the power
is injected from the DC to the Ac grid before 0.3
seconds and reversed after 0.4 seconds. It can be
seen from the current direction that the power is
injected from DC to AC grid before 0.25seconds
and reversed after0.25seconds

Fig.9. Ac side voltage and current of the main
converter with constant solar irradiation level and
variable DCload

=
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b

Fig.10. DC bus voltage transient response

The figure 10 shows voltage response at
the DC side of the main converter under the same
conditions. The figure shows that the voltage drops
at 0.25 second and recovers quickly by
thecontroller.

Case (ii): Isolated Mode:

In case of isolated mode the control strategies are
presented in two cases. Under this two cases are
considered.

(i) NormalMode:

In the normal case, DC bus voltage is
maintained stable by the battery converter and AC
bus voltage is provided by the main converter. The
reference of DC
- link voltage is set as 400volts.

Figures 11&12 show simulation output for output

power of the DFIG, and AC side voltage VS
current (voltage times 1/3 for compression). It is
observed
thattheACgridinjectspowertotheDCgridbefore 0.3
seconds and receives power from the DC grid after
0.3 seconds. The voltage at the Ac bus is kept
326.5 volts constant regard less of load conditions.
The nominal voltage and rated capacity of the
battery are selected as 200 wvolts and 65Ah
respectively.

Fig. 11.0utput power of the DFIG

Fig. 12. AC side voltage VS current (voltage times
1/3 for compression)

The fig. 13 shows the transient process of the DFIG
power output, which becomes stable after 0.45
seconds due to the mechanical inertia.

o
e et

Fg 13. DC bus voltage transient response in
isolated mode.

L] L) [ L [

(i) MPPT offmode:

Figure 14 shows that the total power generated
is greater than the total load before 0.3 seconds and
less than the total load after 0.3 seconds, and the
voltage drops at 0.3 seconds and recovers to 40
volts quickly when the system is at off MPPT
mode.
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M PV output when MPPT off mode

Fg. 16, Battery cumrent when MPPT off mode

The figures 15and 16 show PV output
power, and battery charging current respectively
when the dc load decreases from 20kW to 10kW at
0.2s with a constant solar irradiation level
1000W/m2. The battery discharging current is kept
constant at 65A. The dc bus voltage is stabilized to
400V after 0.005s from the load change. The PV
power output drops from the maximum value after
0.2s, which means that the operating modes are
changed from MPPT to off-MPPT mode. The PV
output power changes from 35kW to 25kW
after0.2s.

V. CONCLUSION

Different source conditions and load
capacities are tested to validate the control
methods. The simulation results show that the
hybrid grid can operate stably in the grid-tied and
in isolated mode also. Stable ac and dc bus voltage
can be guaranteed when the operating conditions or
load capacities change in the two modes. The
power is smoothly transferred under varying load

conditions between storage and PV Sources.
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