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Abstract: Problem statement: This study presented a grid connected photovaltgstem with voltage
oriented control. This system contains the prob&#ndegradation of photovoltaic power with climatic
factors and the problem of synchronization of auséo be injected to the gridpproach: In order to
optimize the photovoltaic energy generation, weetteped a new maximum power point tracking
algorithm and we use a phase locked loop to stlegtoblem of synchronization of grid voltage and
current.Results: The model of the grid connected photovoltaic systead been implemented in the
MATLAB/SIMULINK software and simulation studies habeen presente@onclusion: Results had
proved the effectiveness of the proposed systeeutifity of the maximum power point tracker and
the robustness of the phase locked loop.
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INTRODUCTION MATERIALSAND METHODS

The installation of renewable energy power\odeling of the grid connected photovoltaic system:
generation has been one of the new trends in powefhe configuration of the GCPS presented in thislystu
electronic technology. can be described by Fig. 1. The system consisi of

Among various renewable energy types,pyG, a DC-bus, an inverter, a grid filter and adgri

photovoltaic power generation systems are expetcied utility, as cited in (Kim, 2007; Kinet al., 2009).
play an important role as a clean electricity power

source in meeting future electricity demands. Modeling of the PVG: The I-V characteristic of the

One of the most important applications is the Grid - ; ;
Connected Photovoltaic System GCPS whose makeggcg)ls represented by (1), as in (Marouani and Bach

the object of this study, where its typical struetus
composed by a photovoltaic generator PVG, a DC-bus,
a PWM inverter and a grid utility. 1, =1 =1 Jexp(V V) -1] 1)
However, the photovoltaic grid application
presents the problem of achieving the maximum powey, .
point tracking aiming at maximizing the extracted N, .
. . : L - I, and \{, = The PV current and voltage respectively
energy irrespective of the irradiation conditions. I" L The liaht- ted i
In this study, we present a new maximum power P" = thefight-generated curren
point tracking algorithm which calculates the refere
DC voltage versus the solar illumination in order t PVG  DC-bus Inverter o Gud
force the photovoltaic generator to operate at its Grid filter  Grid utility

maximum power point. 1
In our case, efficient simulation before practical T

control implantation is required. This study inveates
the utilization of the MATLAB/SIMULINK software
whose enables an efficient control development daseFig. 1: Typical configuration of a grid connected
on specific system libraries or toolboxes. photovoltaic system
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Ki, K;and K are the controller signals applied to
the switches.

E The inverter’s currenty, is given by (4):
» MPPT I |—I
Iinv:Klla-'-K&b-'-K I3c (4)
Sensor
where, (L Iy, Ic) are the currents to be injected to the
Fig. 3: The real power control grid.
lss = The reverse saturation current Modelling of the grid utility: Considering the grid
V1= n.Kg.T/q = The thermodynamic potential voltages (G, E;) as control inputs, the grid filter
n = The ideality factor of the PN junction currents ({}, lg) as state variables, the electrical model of
Kg = The Boltzman's constant (1.38xfd the grid in the d-q referential axis is given by, (&s in
J/IK) (Weslatiet al., 2008):
T =The temperature of a photovoltaic
array (K) dl, R | Ky 1
_ —9— Tyl 0V, - —E
q = The electron charge (1.6x10C) dt- LT e )
di, R K, 1
—d =l ——l,+-V —ZE

Modeling of the DC bus. The DC bus current. lis dt N L ° L ¢

given by (2), as in (Marouani and Bacha, 2009):

Where:
I, =CdvV,,/dt (2) RandL = The resistance and the inductance of the
grid filter respectively
M odeling of theinverter: The grid connection inverter @ = The angular frequency of the grid

consists on a three-phase voltage source inveiter w Kaand K; = The controller signals of the inverter
three independent arms. Each one includes two

switches which are complementary and controlled by 0ltage oriented control: The entire schematic of the
the Pulse Width Modulation PWM, as in (Leeal., Grid Connected Photovoltaic System GCPS with the

2008; Weslatét al., 2008; Yuet al., 2006). Voltage Oriented Control VOC is described by Fig. 2

in terms of the upper switches as follows: .
The power control: This subsystem controls the real

o and reactive power of the inverter, (Katnal., 2009):
Vol 2 11K
=_P| - —
Vi 3 e 3) * The real power is controlled by the g-axis curignt
Vv, -1 -1 2| K,

as shown in Fig. 3. A maximum power point
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tracking algorithm MPPT to be addressed later,
generates the reference value of the DC-bus _Qinv
voltage V. to be compared to the actual valug V inv*+
« The error between ) and Vj.is processed ag | ." [ PT ] 3"
through a proportional-integral PI controller @
* The reactive power is controlled by the d-axis
current }j as shown in Fig. 4. For a unity power Fig. 4: The reactive power control
factor, the desired value of the reactive powgy Q
is compared to the reactive powef,QThe error Table 1: Reference DC-bus voltage versus the ithation value

between @, and Q. is processed ag Ithrough a EO((‘)’V m?) \{:;*G(V)
PI controller 200 1562
The maximum power poi.nt tracking tephnique: The 288 ggg:g
PVG operates at a certain voltage which corresptmds 500 226.5
the maximum power point under different climatic 600 235.3
conditions, i.e., the solar illumination E. In arase, the 790 242.8
800 249.3
MPPT generates the reference DC-bus voltage versiys, 2550
the solar illumination given by Table 1. This medtho 1000 260.0
has been detailed in (Marouani and Bacha, 2009k Tar
Duru, 2006). The current controller compares the reference and
Using the curve fitting technique, the MPPT can bethe_actual values of_ the current and generates the
a polynomial function of \. versus E given by (6): desired value of the inverter voltage to be injdcte

the grid utility and which are given by (10):
V. = —3.4393+ 0.1328E- 2.2352.10 2|

~1.5460.10" B+ 4.2288.16° E (©) { Va=Vcost (10)
V,=Vsin
The current control: The AC-side circuit equations in
the synchronously rotating d-q reference frame ard&Vhere:
given by (7), (Kimet al., 2009): . .
V= V&V
{vd_ Eq— Ldlg/dt —ull - {6 g (V) (11)
V,=E,— Ldl,/dt +wLl,
Where:
Where: Vgand\, = The active and reactive reference
Esand i = The d- and g-axis components of the grid voltages respectively
side voltage respectively \Y; = The absolute value of the reference
Vgand V, = Those of the inverter voltage voltage
o = The system angular frequency 5 = The reference angle correction given by
To provide direct use of the sensed currents which the VOC system
present intrinsic error, (7) may be transformed(&p Based on these equations, a current controller may
using PI controllers: be implemented as shown in Fig. 5.
Va=Eq—wllg—pg ) The phase locked loop: The PLL used in this study is
V,=E, +wlLly—p, based on zero crossing voltage detection and the
utilization of the quadrate of the input signals,igis
Where: shown in Fig. 6, as in (Chayawattal., 2009; Chung,
2000; Haret al., 2009):
{”d = (Kp+Ki/s)(Ta—14) (9) « Eg= 0: The synchronization signals based on this
Be = (K, +Ki/s)(I;—14) technique has a simple structure. By keepigg E
0, the synchronous reference voltage compongnt E
where, K, and K are the proportional and integral gains IS minimized and thereby the PLL will remain
of the PI controllers. locked to the input voltages, Bnd g
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Fig. 5: The current controller

-_0 ® Huco(S)=¥s (14)
Ed” =% LF | VCO }79+
RESULTS
T« [ sin |e—o A complete Simulink-MATLAB simulation of the
. Grid Connected Photovoltaic System with the Voltage
cos Oriented Control and the Maximum Power Point

EB a Tracking algorithm has been carried out with the
abcah following parameters:

Ea Eb Ec e The PVG is composed of 4 series modules. Those

modules are amorphous. Each one presents the

Fig. 6: The phase locked loop following characteristics: Nominal peak power: 60

wp, Nominal voltage: 67 V, Nominal current: 0.9

Using of the quadrate of the input signals: The A, Open-circuit voltage: 92 V and Short-circuit

input signals are multiplied with internal signals current: 1.19 A
in (12): « The DC-bus capacitance: C = 200°1B
e The gridfilter: R=%, L=0.02 H
E,=E, s+ E co$ 12 ° The grid voltage: 220V/50 Hz

) DISCUSSION
The PLL generates a rotating reference afigle

synchronized to the voltage signalsehd E.

When the grid voltage is restarted, the PLL
will effectively synchronize and the system may be
reconnected to the grid.

The loop filter LF is a PI controller used in order
give a good trade-off between stability an
dynamic performance. Its transfer function is given
by (13):

The simulation is based on the variation of the
solar illumination E as shown in Fig. 7.

So, the reference DC voltage calculated by the
MPPT and used by the VOC has the following
d waveform (Fig. 8).

Following this variation of the solar illuminatipn
the current injected to the grid can be describgd

Fig. 9 and 10.
In the transient of change of E, we can see the
Hie(s)=ky + ki/mis (13) " yariation of the grid current in Fig. 10 and 11.

So, we can demonstrate the importance of the
k, and k are respectively the proportional and theMaximum Power Point Tracking algorithm MPPT in

integral gains of the PI controller. resolution of the problem of the degradation of the
The Voltage Controlled Oscillator VCO is an climatic factors and the utility of the Voltage &mied
integrator described by (14): Control in the control of the GCPS.
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Fig. 7: The solar illumination waveform
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Fig. 8: The reference DC voltage waveform
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Fig. 9: The grid current waveform
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Fig. 10: Zoom of the grid current waveform
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11: Variation of the grid current at the triezmé of
change of E

Fig.

We can see also the an@lealculated by the Phase
Locked Loop in Fig. 12.
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Fig. 12: The anglé calculated by the PLL
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Fig. 13: The grid voltage waveform

CONCLUSION

This study is focused on the modelling and
simulation of a grid connected photovoltaic system
controlled by the voltage oriented control.

The MPPT has proved its utility in tracking of the
maximum power point and the optimization of the
photovoltaic power generation.

The phase locked loop used in this study has
proved its robustness and effectiveness in
synchronization of the grid voltage and current.
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