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Abstract - In order to increase the efficiency of PV system, it
is generally used three methods, the first is the increasing of the
solar cell efficiency, the second is the energy conversion system
included MPPT control algorithm and the third is the using
solar tracking system. In solar tracking system, it is used DC
motors, special motors like step motors, servo motors, real time
actuators, to operate moving parts. DC motors are normally
used to operate solar tracking system but it is highly expensive
to maintain and repair. In this paper, solar tracking system is
proposed. Proposed system designed as the normal line of the
solar cell always runs parallel the ray of the sun. This paper
presents the development of an effective approach for design,
simulation and control of a Stand-alone Photovoltaic (PV) power
system elements which are; proposed solar tracking system uses
DC motor which is controlled by a program made by
Programmable Logic Controller (PLC), a battery charger
controller which is programmed by a microcontroller. Finally, a
comparison between fixed PV power systems and a tracking PV
power system is made.

Index Terms- Renewable energy, PLC, Tracking photovoltaic
system.

I.  INTRODUCTION

Due to accessibility and lower cost of renewablergn
resources in deserted and far-flung areas, as cenchpia the
conventional solutions, their applications in s&lode
systems have been increasing. Considering the
consumption of fossil energy sources, the hybrideveable
systems are about to have great share in futuretgy supply
[1]. Alternative energy sources are inherently pofuting,
free in their availability, and continuous [2]. Hever, their
applications in conventional distribution systerme &mited
due to high initial cost and reliability issuesJ3}. An easy
and effective approach in utilizing solar energyoisonvert it
directly to electrical energy using Photovoltaic VP
technology [4]. According, it is anticipated thaV/ Bystems
will become one of the main energy recourses téllftihe
global energy requirement by the end of this cgnidy. Other
methods such as wind power plants, fuel cells baieand
solar-heat plants are also considerable and arallysu
combined with PV units in order to increase systeliability
[6]. An important and growing concern has been uted
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design and control renewable hybrid systems. Differ
methods for modeling and controlling power produati
systems are possible by combination of two or menewable
energy systems [7]. The most important and conahlder
issues about these environmentally friendly systamstheir
cost and reliability [8]. Nowadays the PV and wiyeherators
are widely use in many applications such as watenging,
illumination [9], electricity supply in outlying aas [10] and
supplying communication systems. To include povertge
capability, diesel generators may be used in prddll].
Considering the importance of synchronized opematio
between diesel generators and renewable supplgrsyshe
maintenance costs will be noticeable [12]. Howeutlization
of renewable hybrid systems offers more reliabilitsgn diesel
generators, photovoltaic or wind systems [13].

This paper presents an effective methodology feigiea
control system of photovoltaic systems includingeith
planning and analysis. A PLC program is proposedotatrol
the drive signal of a special DC motor, which hagoaition
sensor inside it, in order to obtain a maximum rstiacking.
The tracking experimental model system is desigmatibuilt.
The system was designed as the normal line of dler sell
always runs parallel the ray of the sun.

Il. CONTROLLEDELEMENTS

rapiFlhe entire system was built is shown in Fig.1.ilt ke

handled in details as the following:

A. Configuration of Solar tracking system

Solar tracking system consists of a solar cell tvhéctracking
the beams of the sun by a DC motor which contaipesition
sensor. This position sensor gives a certain nurob@ulses
during the movement of the solar cell from the eastthe
starting point (zero degree), to the west (180 ekegras
stopping point. When counting this number of pulseds
found to be equal to 833 pulses. The solar trackiysiem is
designed as the normal line of the solar cell atwvayns
parallel the ray of the sun.
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Fig.1 Complete stand-alone photovoltaic power syste
component

This is done by (1) Adjusting the surface azimutigla
v=0°when facing the south and (2) The slope of thedizwi
plane with the horizontgp is controlled by moving the DC
motor every half an hour by 9 degrees. The motangsed by
control of PLC program. This number of degreesaiswdated
considering that the system is operated from 7oclclAM to
5 o'clock PM (it means that the system operatesheurs
daily).So the number of pulses each half hour =@lsg% and
this corresponding to 9 degrees. When the systeches the
5 o’clock PM, it returns back to the starting polyt using a
timer. The timer counts the night hours (from 5Slatk PM to
7 o’'clock AM) and then begins to operate the sysagain for
the next day and so on. After moving the cell ev@degrees,
the output voltage of the cell is recorded on tevia parallel
port by MATLAB designed program.

The flow chart of the suggested designed solakimgc
system controller algorithm is given in figure (here FWD
is forward direction and BWD is backward direction.

Fig.3 shows the practical drive circuit of solaadking
controller which consists of two parts;

The first part of the circuit is used to adjust theput of the
sensor to be sinusoidal wave with amplitude 1veR.Prhen
this sinusoidal wave entered to an operational dieplith
gain 10 to amplify the signal from0.5 v to 5 v atién the
negative half wave is cut by the diode,vhich allows only
the positive half wave to pass. Then entered toclamBt
trigger which converts the output to pulses and will be the
input to the PLC which counts these pulses.

The second part of the circuit is H Bridge supphiexan a 30V
dc source and its load is the dc motor. When tlaysgK; and
K,4) operate, the motor will rotate in clock wise diien and
when the relays (Kand kKg) operate, the motor will rotate in
counter clock wise direction.

When making run to the PLC program, it has beenedai
half an hour before the motor is operated in fodadirection
and at the same time, the number of sensor outpse® is
counted. When 31pulses is counted, the motor psi and
another half an hour will be waited. The programepeated

until the sunset is reached. The number of moteratmons is
counted by a nter to know the reach to the ${h8e).

N = number of hours (moves) = 0
P=number of pulses =0

Delay one hour

v

Fig.2 Flow c;art of the suggested solar trackingtrdler
algorithm
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Fig.3 Practical Drive circuit of solar tracking ¢ooller



The output of the solar cell is converted to diggignal
by analog to digital converter circuit. The digisignal is sent
to matlab program via parallel port. The outputttod solar
cell is recorded on the computer each half an tioraugh a
matlab program.

B. Design of the DC/DC Boost Converter

The DC/DC converters are widely used in regulated

switch mode DC power supplies. The input of thesgverters

is an unregulated DC voltage, which is obtainedPlyarray
and therefore it will be fluctuated due to changesadiation
and temperature. The DC/DC boost converters ar fasehe
detection and tracking of the point of maximum powe
produced by PV solar cells module. In these coeverthe
average DC output voltage must be controlled tedpgated to
the desired value although the input voltage is\ghy.

The primary criterion for selecting the output diit
capacitor is its capacitance and equivalent sedsistance,
ESR. Since the capacitor's ESR affects efficiedow-ESR
capacitors will be used for best performance. Famtucing
ESR is also possible to connect few capacitoraalfel. The
output filter capacitors are chosen to meet an wutpltage
ripple specifications, as well as its ability tondée the
required ripple current stress. An approximate esgion for
the required capacitance as a function of rippldtage
requirementA V., Duty cycle D, switching frequency, Fs and
output voltage, Vo is given as [15-16]:

V,L[D
* 7 F, 0AV, OR

C. Battery Charge Controller

A charge controller, charge regulator or batteigutator
limits the rate at which electric current is addedor drawn
from electric batteries.[17] It prevents overchaggiand may
prevent against over voltage, which can reduce ebatt
performance or lifespan, and may pose a safety tiskay
also prevent completely draining ("deep discharing
battery, or perform controlled discharges, depandin the
battery technology, to protect battery life.[18,IBje terms
"charge controller" or "charge regulator" may retierither a
stand-alone device, or to control circuitry inteégcawithin a
battery pack, battery-powered device, or batterghaege.
Figure (6) shows the circuit of charge controllEhis battery
charger is controlled by microcontroller (80C519]2

Fig. 6 shows the circuit of charge controller
D. Solar Power Inverter

A Solar inverter or PV inverter is a type of elémt
inverter that is made to change the direct curr@d€)
electricity from a photovoltaic array into alterimgt current
(AC) for use with home appliances and possiblyid. ggtand-
alone inverters, used in isolated systems whereinherter
draws its DC energy from batteries charged by plaitaic
arrays and/or other sources, such as wind turbihgdro
turbines, or engine generators. There are two gordtions
for single phase inverter:

(1) DC to AC half bridge inverter.
(2) DC to AC Full bridge inverter.
The Inverter output voltage is:

m *
~ Vdc peak

2

Where: \, : fundamental output voltage
m : Modulation index
Ve peae P€AK DC link

Vi

Included as part of the inverter power stage alterfi
inductors that are placed in series with the tipiegse outputs
of the power stage. The purpose of the inductots fiter the
switching components out of the output currents tloé
inverter. [21].

_ Ve —Vab,,
' f. CAI
Where: Vab,e= peak line to line voltage (v)
Fs = Switching frequency (Hz)
Ai = peak ripple current



E . Hourly load demand, (kW)

hourly power of PVBS is calculated and it is fouttd be
greater than the load demand in the period fromAlDto

Samples of the daily load curves through the year a 11aM). This power is called surplus power. In"April, the

given in figures (7),(8),(9),(10) . The figures shthe hourly
PVBS output power for the recommended day of foantins
January, April, July and October. This data is eisged with
Hurgada site.

Stand alone hourly PVBS output power and
load dem and(January)
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Fig.7 shows hourly PVBS output power and load dehfan
January.

Stand alone hourly PVBS output power and
load demand (April )
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Fig.8 shows hourly PVBS output power and load dehfan
April.

Stand alone hourly PVBS output power and
load demand (July )
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Fig.9 shows hourly PVBS output power and load detrfan
July.

Stand alone hourly PVBS output power and
load demand (July)
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Fig.10 shows hourly PVBS output power and load deirfar
October.

The hourly output power is calculated and compavitd

load demand as shown in figures (7),(8),(9),(1@lcAations

are done for these months according to the recometen

average day for each month [22].In"™January, the output

surplus power period is from (8 AM to 6 PM) .In"L.July; the
surplus power period is from (8 AM to 5 PM). In A5t
October, the surplus power period is from (7 AM2tdPM).
This surplus power can be stored in the batteries.

F. Number of inverter units

« Total number of inverter units required to covee tfbad
demand;

P
Pin= ©

inverter

(input power for inverter)

in

Number of modules connected in series to make tniegs

in

gives Vi, (Ny): Ni=—
1, 1 V

m

.
Number of strings per inverter {\ N,=—"
m
Total number of modules per invertersfNN3=N;*N ,
Total inverters needed for PVBS {Nertey):

RSCA
N, * ModuleArea

NTinverter:

Where:

V. is the module DC voltage at maximum power point.

I is the module DC current at maximum power point.
RSCA: is the required solar cell area.

The Characteristics of the selected inverter acavshin table
(2).

Table (1) Characteristics of the selected inverter

Maximum
Rating Efficiency nin | Input voltage Vi, (dc)

distortion
500kW 95% 2000+ 10% + 5%

The Number of inverters which is needed for the BYB
TNOIN, can be estimated as follows:

SSCA
N,* Modulearea

TNOIN =

Where:

N3 : The number of PV modules needed for each inverta
SSCA: sufficient solar cell area

The module used in this thesis (HIP 200-BA3) saklt type
so the obtained TNOIN is 2linverter

G. Calculation of battery storage size

The battery storage size which can be integratéil RN/
is designed to charge the surplus energy duriniy imigulation



period and being discharged to feed the load demand
throughout the low insulation periods.

B,

BD=—-
g

t2
Bv=)_(Ppy (t) = P.(t) * PLV) KWh
t=t,
There is another part of battery storage is ne¢dedeet the
night critical loads.
(Night andcriticalloads* PLV)
BNg& KWh

s
Then total battery size:8 BDs+BNg
Where:
BDs: Day size of battery.
ns . Battery efficiency.
BNs: Night size of battery.

KWh

S

IIl. Experiment model results
Figure (11) shows the solar tracker picture of ttexking

model built.

Fig.11 shows the solar tracker picture
Figure (12) shows the practical drive circuit ofesaracking
controller.

Fig. 12 solar tracking circuit
The output voltage of photovoltaic tracking systésn
compared with the fixed one as shown in figure (183
shown in this figure the tracking system gives atmonstant
output voltage during all the time operation butsitnot the
same obtained voltage when the system is fixed hwitie
voltage varies with time.

Tracking Output
Fised output — wem

Output Valtage

I
10
Time (hour)

Fig.(13) the output of tracking and fixed solar cel

Figure (14) shows sensor output signal .The matlifiensor
ignal is given in figure (15).

Fig.15 Senwodified

Fig.14 Sensor output signal
signal

Figure (16) shows the data acquisition card (AD@p&nd

figure (17) shows data acquisition card conneatezbmputer
via parallel port.

Fig.16 Data acquisition card‘ . Fig.mata acquiiion
card (ADC0804) conmeLto computer

Figure (18) shows PLC connected to tracking momat @rive
card .

Fig.19 sttaerter
used.

Fig. 18 PLC connected to
tracking motor and drive card



Fig.20 solar inverter output voltage (R load)

Figure (19) solar inverter used in the implemerstgztem and
figure (20) shows the inverter output voltage fesistive load.

IV. Conclusions
In this paper, it is proposed to develop a solacking
system. The system was designed as the normalofiribe
solar cell and always moves to parallel the rayhef sun. A

system applications”, IEEE Trans. on Industrial diienics,
Vol.47, Issue 2, pp.287 — 296, April 2000.

[10]. N. Jenkins, “Photovoltaic systems for smaklke remote
power supplies”, IEEE Conf. on Power Engineeringl.¥,
Issue 2, pp.89 —96, April 1995.

[11]. E.S. Abdin, A.M. Osheiba and M.M. Khater, “Kleling
and optimal controllers design for a stand-alonetgoltaic-
diesel generating unit”, IEEE Trans. on Energy Goaion,
Vol.14, Issue 3, pp.560 — 565, Sept. 1999.

[12]. A.C. Saramourtsis, A.G. Bakirtzis, P.S. Dokafos and
E.S.Gavanidou, “Probabilistic evaluation of thefpenance
of winddiesel energy systems”, IEEE Trans. on Eperg
Conversion, Vol.9, Issue 4, pp.743 — 752, Dec. 1994

[13]. J. Eto, V. Budhraja, C. Martinez, J. Dyer aitl
Kondragunta, “Research, development, and demoiustrat
needs for large-scale, reliability-enhancing, inétign of
distributed energy resources”,33rd  Annual Hawaii
International Conference, pp.7, 4-7 Jan. 2000.

new PLC program has been proposed for solar ceil sul4]. M. Mousavi Badejani, M.A.S. Masoum and M. Kafa

tracking. Also a new computer (MATLAB) program Hasen
proposed for storage of the photovoltaic array outpltage
on computer via parallel port. Finally the trackiofythe sun
gives maximum power for solar photovoltaic celsthiake the
system more reliable. The suggested model can bé ims
large scale for best utilization of solar energy.
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