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Abstract: Problem statement: An optimal control on two axes and design for sdatacker which
called altitude and azimuth is challenggproach: The phototransistor with the shade that blocks the
screen was employed as a detector of solar beaiaticed The height of the screen determined the
sensitivity operation or period of tracking in theslar tracker. The phototransistor is particularly
designed to detect solar bean radiation thoroutiirtigugh the two axes with the operating time. The
mechanism of this solar tracker is that it has pacdy of solar tracking in every 10 min,
approximately, which respond in terms of time abah37° sec with and operating point at 0.3 sec.
Results: Our solar tracker obtained an average deviaticabatit 2.5° . In weak sunlight however,
the value varies and fluctuates rapidly dependimgky conditionConclusion: The accuracy of solar
position tracking function satisfied our goal asliw&here is only average of 2.5° error shown. The
experiment also shows that the error rate dimigist®ethe solar radiance expand. However, we hope
to develop this device to be more exact in thetfmosi
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INTRODUCTION because less solar energy diminishes the efficientye
device. On the contrary, it is not necessary tedetolar
From the past decades, several techniques anddiance all the time. We only start the trackingction
experiment conduction has been developed for solavhen the appropriate time approaches. For instahee,
tracking device for an alternative source of enesglar  period of time when it is plausible to obtain thHghest
energy (ElGizawyet al., 2010; Marghany and Hashim, solar energy during the day.
2009). Based on the tracking principles (Rethal.,
2004), we can classify the controlling process ito Devicessetup and design: The device uses the shading
processes namely passive control unit, microprocess method to detect solar energy with a direct circuit
control unit and electro-optical control unit (Kerend  motor controlling the whole system created with
Mandal, 1991). Passive control unit is basicalsystem photodiodes. The photodiode faced perpendicularly t
conducted without any electronic device. It engaiges the sun, permanently. The design is sub divided int
the stage of change in liquid substance. The liquidwo categories; detecting circuit, driver motorcait.
masses lift the solar cell in motion in order tacik the
solar energy. The advantage of this controllingt isii  Solar tracking devices: In this study, we select
that it does not require any electricity to recesmar  phototransistor as the solar detecting device. The
energy and it is less fragile. However, the acquiac semantic of solar detection is the solar positiorthis
quite low. On the other hand, microprocessor conimd  case. The altitude direction of the detection askire
is the opposite. It is more accurate. In additibtracks  the solar position by the shade of parabolic shade.
solar energy by microprocessors and computes fhe so shown in Fig. 1a, when the semantic of solar pasits
position with the equation. Nonetheless, the device parallel to the phototransistors, the parabolicpsha
more expensive and requires users' nurture. Fjnallyphototransistors will receive solar energy in tEN’
electro-optical control unit tracks the sun by daso condition. In addition, when the sun orbits tofasmer
detecting device that is sensitive to solar radianc position, the shades will form a shadow from anel th
Simple equipment such as photo diodes, photottansis phototransistor status will be on the ‘OFF’ coratiti
and LDR are employed in the device of our workingNote that the ‘OFF’ condition denotes little to no
station (Koyuncu and Balasubramanian1991; current flow in the system. Consider the semar@iN
Kalogirou, 1996). The system might not study unttler status as ‘1’ and ‘OFF status as ‘0. The
cloudy sky condition or the lack-of-sunlight comait  phototransistor facing direction is 60°.
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Fig. 1: Sensor; (a) light balance and unbalancd; (b
Photo Tr. Configuration

Therefore, in order to detect solar energy all the
way through the altitude, we designed our device to
contain 6 phototransistors;, b, %, L, % and 4. As
shown in Fig. 1b, the characteristic of this design
assures that the device is capable of detectingr sol
energy whenever it begins. The height of the shgde
is computed as the equation below.

_ X
Y= tan® @ Fig. 3: Print circuit board of the light detectarcaiit
Table 1: True table of light detection on solaitadte direction
Where: . Input Output
x = The distance from the shade to the edge of the
phototransistor Jd X % s Q Q
8 = The degrees angle of the sun which moves frem itg 8 8 (1’ (1) 8
original position 0 0 1 0 0 1
0 0 1 1 0 0
The digital circuit constructs Table 1 with an 0 L 0 0 0 L
. . . ) 0 1 0 1 0 1
arithmetic Boolean logic as expressed in Eq. 2 and 1 1 0 0 1
From both equations, we obtain a logic gate eqna® 0o 1 1 1 0 1
displayed in Fig. 2. Where,;@nd Q is the output of 1 0 0 0 1 0
the solar detecting circuit which begins the matothe i 8 2 é i 8
altitude direction: 1 0 1 1 1 0
1 1 0 0 0 0
_ 1 1 0 1 0 0
Q=12r+33) (2) 1 1 1 0 0 0
1 1 1 1 0 0
Q,=3,1+313) (3)

The semantic of the azimuth direction is most
The light detector circuit in Fig. 2 is able to likely compatible to altitude direction. It alsowigoped
implement as the print circuit board which illuse@in  SiX phototransistors namely K1, K2, K3, K4, KS and
Fig. 3. K6.
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Fig. 7: Structure mechanism of solar tracking; (a)

Fig. 4: Position of phototransistor configuratiamlmase altitude movement direction; (b) azimuth
movement direction

Structure: The structure is divided into half. The
mechanism of the first half or altitude is that gemsor
must be attached to a shade metal in a perpendicula
direction. The motor obtains a ratio of gear atih:the
axle of the motor as in Fig. 7a. The azimuth fuorcti
consists of a metal pipe with a 5 cm. diameter3thdm.

in length. Place two bullets both head and tailtef
rotating stand. The same type of motor is beingl uise
the axle.

Device testing: The testing semantic for this device
consists of two significant tasks; the time feedbac
response and the accuracy of the device. A 100-watt
bulb is part of this experiment test. We test thagar
parabolic tracker device by tracking the 100 whtith

and its position. This process is done in order to
evaluate the speed of this device in terms ofésking
function.

MATERIALSAND METHODS

Materials: this solar tracking system consists of the
electronics and mechanical devices. Detail of those
Fig. 6: Print circuit board of motor driver circuit devices is: Transistor drivers (Trl, Tr2, Tr3 andhT
2N 3055), Light Emitting Diode (LED; NEC 1N1134),
The structure and design is at the same positio®C motor (12 V/30 w) with gear block; all resistors
with the altitude as well, as shown in Fig. 4. (1/4 w; 1% error).

Motor driver circuit: This experiment is conducted by Meéthods: When the prototype of a sun tracking system
the main source of power or motor which functionsiS done. It shows in Fig. 11. Then, testing chamastic
both altitude and azimuth directions. Two 12 vétedt ~ Of the system is conducted consequently. Firstly,
circuit motors are employed in the device. The moto determine responses time or sensitivity of the esyst
test from head gear indicates that the motor sjeatl  When 3 difference positions lamp is appeared, 56°
8 rpm. This part is split into two significant pashich  and 90 respectively. Then, measure the error of the sun
are the altitude part and azimuth part. The mototracking angle under variable sky condition. And
structure is as displayed in the Fig. 5 and 6. finally, evaluate the total sun tracking angle erro
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RESULTS

as shown in Table 2.

The average of time response of the system is at

approximately 37° mirt and the speed of it position
tracking is 0.3 sec.

Table 2: Experimental result
Sensitivity to Respond time
Paosition of lamp (°) the target (sec) of the sys(set)
15 0.3 0.40
50 0.3 1.43
90 0.3 2.42
" .
.'//—IN"L.
—————— e e ¢ s e e i e . _..-:
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e system evaluation by placing this device # th

) ) ) ‘ON’ status permanently, under the circumstance of
~ According to Fig. 8-10, the graph illustrates theciear sky condition, manifests that there is onlg°2
signal at the pole of the altitude motor of theasol ¢rroneous angle in the system. This experimenintest

parabolic tra_lcking .de?vice. The oscilloscope indi'fsat session is conducted three days from 7 am to 6 fom o
that the vertical axis is the pressure and thezbatal

axis is time. From the experiment testing sectioa,

May 2,

3 and 4, 2009. Note that on the certaingjdte

condition of the sky is clear for the rest of tteydThe

adopt the bulbs in three directions; 15, 50 and, 90°|east error that we have obtained is 0.3° and thetm
respectively. The result of time response and speed

error is at approximately 5° as shown in Fig. 12.

Fig. 10

Fig. 11

Fig. 12:
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