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Abstract. countries miss the municipality electric power, so people
depend on solar cells to generate electricity to activate their
In this paper, a sun tracking system is designed and built using®dmple appliances like radios, TVs, sewing machines, etc
smple mechanical structure and control method. A comparison i4]. People in developed countries are also convinced to
carried out between a fixed solar system and the tracking systemitestall PV systems to benefit from selling their extra solar -
emphasize the increase in the energy produced. The trackingectrical power to the electric companies. Moreover
system reliability is also tested for diverse weather conditions. efficiency enhancement and cost reduction of PV panels and
their direct applications like powering White led, encourage
Key words . . people to mount solar panels at their homes [5].
maximum power point, photovoltaic, solar energy, dc
drives, renewable energy. The PV panels are usually mounted on the roof of the house
or at a near open area to face the sun. The custom is to fix
) these solar modules position angle to the country latitude
1. Introduction angle. If possible, seasonally some people try to adjust the
module’s direction manually towards the sun. However to
The world trend nowadays is to find a non-depletable andollect as much solar radiations as possible, it is more
clean source of energy. Non-renewable energy, obtainagbnvenient and efficient to use a sun tracking system. In
from exhaustible fossil fuels, is no more satisfactory tophotovoltaic tracking systems, the surface of the module
many nations. Not only the resources (coal, oil & naturatracks the sun throughout the day.
gas) are subject to be severely reduced, but also they are
considered to be non-secure; wars and politics afflict itsThe tracking can be along either one or two axes whereby
availability and cost [1]. Moreover many environmentaltracking along two axes provides a higher power output.
organizations address this energy production scheme as tige energy yield can be thus increased by aroundDeé
main contributor to pollution and global warming [2]. 30% depending on the seasonal climate and geographical
location [6-8]. Although some people claims that a fixed
This concern for our diminishing resources andsystem costs less and requires almost no maintenance [1],
environmental balance suggest a strong interest idifferent tracking mechanisms are utilized to control the
indigenous and renewable sources of energy. At the samgientation of the PV panels, of which most proved their

time the limitations of centralized grid-supplied electricity superiority over fixed system in terms of converted power
in covering the greater part of the rural world have becomefficiency.

obvious and demand a flexible, decentralized approach.
Solar electric concepts have proven to offer a viable solutio®dne method makes use of photoelectric sensors to generate
to the imminent problems [3]. an error signal whenever the position of the panels is not
ultimate. Driving the system motors, this signal reorients the
Although many solar thermal energy power plants (largganels’ direction toward the sun via a feedback mechanism
scale ‘MW’) are already installed and operational, yef9, 10]. Some authors claim that this mechanism is not
photovoltaic solar cells used for domestic applicationseliable under foggy and cloudy weather conditions [11].
(small scale 'KW’) are more spread and used. You camnother tracking is achieved by deriving the equations of
always find traffic and streelights, water pumping and motion for the earth with respect to the sun. Then based on
distillation systems, and food cooking techniques thathese equations, the automated system directs the panels all
operate on solar power. Remote villages in developingay long [12]. However this automated system will stay
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operational even if the weather is cloudy and there is no sUfig. 3 represents the mechanical structure of the tracking
to track; thus spending stored energy without gaining anysystem. The horizontal axis rotates the panel from east to
The same issue rises when a clock mechanism is used. Arest and the vertical from south to north, thus our system
onboard clock is used with the help of other storechas two degrees of freedom. The hinges facilitate the
parameters to compute the sun position angles. The angles/olution of the axes. The frame is designed to hold the
are transformed to coordinates that drive the tracker [13Hesired solar panel and the base support the whole rigid
Another alternative is to have a database for the corretiody.

angle of incidence for the solar rays of one country stored

and this stored data sets the solar panel position round the

clock. Usually such systems are expensive and complex retating

frame + solar panel

based on the requirement for the database storage media and e g : - L[> ?mmm
clock accuracy. e e
In this paper the first mechanism is promoted and enhanced rsting ]- [
to overcome the issues related to (cloudy, rainy ...) weather ; ,.;/}
conditions. To prove the system reliability and efficiency, a P al -
comparison is carried on between this system and another Attt N
fixed one for the aforementioned conditions. P T

.I}’/ .

) ) | . -
2. Tracking System Design . frame |
&1

The system tracks the sun autonomouslyaltitude and H

azimuth. Two ac motors move an 80watts panel mounted on Fig. 3: Mechanical structure.

the mechanical structure as shown in Fig. land Fig. 2.£ Mot 4 Dri
requires no human interface where four attached sensors are otorsand Driver
continuously updating a PIC microcontroller which in return

controls the rotations of the motors. The motors used to rotate the axes are ac antenna motors

(Fig. 4). They are pretty known for their long service life
and their wind and rain withstanding potential. The tight
seal will prevent water from penetrating to the inside. The
rugged aluminum casting maintains greatest strength in high
stress areas. Their large bearing surfaces and strong
reinforced mast support lateral loads. Ball bearing is
provided to hold the thrust (vertical) loads. The more
important features of these motors are their high torque
capabilities and precision in positioning. Almost all houses
in cities, where TV/FM broadcasting is available, have one
setup using this type of motors. So usually it is cheap and
abundant in the market and people can easily maintain it.

Fig. 4: Motor housing and tie arrangement.

The antenna motor is usually equipped with control set to
rotate it indicating the position. However it is driven by a
manual control knob while the tracking system requires a

Fig. 2: Rigid body of the tracking system.
A. Mechanical Design
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totally automatic control driver. Fig. 5 shows the alternative
circuit used to drive the winding of each motor. i/ winding?
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Fig. 5: Driver circuit for motor winding.

_— . . . . . Fig. 6: Logic circuit.
The switching bridge will provide an alternating signal

across the winding of the motor. The circuit is fed by thethe On/Off signal will activate or deactivate the two
18V of the solar panel to provide almost 1A load currentmotors. In case of cloudy weather these signals (On/Off1
The two input signal X1 and X2 are managed by theyng On/Off2) will switch off both motors. The Invert signal
microcontroller and logic circuit. Their role is to switch along with the XOR gate will reverse the rotation direction
on/off and invert the rotation direction of each motor. of the respective motor. Fig. 8 shows the waveforms when

) ) the invert signal is activated.
C. Logic Design

Two multiplexers, a counter and ‘555’ timer (Fig. 6) are o110

used to organize the switching mode of the bridge to :

generate the pulsating signal on the windings of each motor.

The two (4 -1) multiplexers are used to accomplish the [
different levels of the waveforms that will appear across the 1o ”}»-C( Invert =1 F_M'E(XI_L'
windings. For instance MUX1 will put on its output line bit

1 to build the 1st winding waveform, while MUX2 will N i [
output bit 0 to build the 2nd winding waveform thus shifting
it by 90 degrees as illustrated in Fig. 7. The next instance o0
MUX1 outputs bit 1 and MUX 2 outputs bit 1 and so on.

Fig. 8: Waveform flips when Invert signal is on.

P10 oo 01 o1 The 555 timer in Fig. 6 is used to provide a clock of
r_-_l_t] H 100(Hz), which will be divided by 4 with the help of the
o counter (it counts from 00 to 11) to produce a waveform
L — with frequency of 25Hz at the output of the multiplexers.
This 25(Hz) is needed with M 18(V) to drive the motors
- — - at a lower rotational speed than the motor rated but with
similar torque. The lower speed is needed for more
Fig. 7: 90 shifted waveforms. precision in controlling the position of the motor rotation.

D. Microcontroller

Since the whole system is to be implemented for real life
application, it is not feasible to have a PC to control your
system. The cost will increase and the PC crash is not
predictable. Using a PIC microcontroller chip (16F874), the
cost will be less (no PC), and crashes of PC could be
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avoided. Moreover the PIC (a small IC) will occupy a smallThis loop continues on and on, till time of sunset where the
area as compared to a PC.

whole module is facing the sun and is settled towards the
The ‘On-Off 1' & ‘On-Off 2’ and ‘Invert 1’ & ‘Invert 2’

sunset direction. At sunshine all four phototransistors are
signals are totally controlled by the PIC micro-controllerout of light beam reach, so here the need for two more

algorithm. Thus the PIC chip will tell each motor when tophototransistors A6 & A7, connected to the rigid base
rotate ‘On-Off’ and in which direction ‘Invert’.

support, raises. These two phototransistors will take control
The PIC will gather information from 4 phototransistorsnow to redirect the module toward the sun. Then handle the

(A0, A1, A2, and A3) connected on the frame and 2 othersontrol back to the old loop governed by A0 & Al. To

(A6, A7) connected to the base support (Fig. 2, 3) anénsure that the system will not fluctuate for small different

according to the readings of these phototransistors it wiloltage readings, the program is built to respond to quarter

rotate the motors. change in both readings i.e. if (A7-A6> [A7]/4), then it is ok
to run the program and start tracking, if not observe this

E. Phototransistor quantity (A7-A6> [A7]/4) until it is satisfied.

The phototransistor operation is very simple. When the

phototransistor is not facing light, its ohmic resistance will

[ETaRT]" i
be high preventing current to flow, thus the average voltage \
across the 100 ohm resistance will be around 1(V) due to

reflection (Fig. 9). When light strikes the phototransistor it i - Hn,l
will reduce its ohmic resistance thus allowing more current i
to flow and producing around 4(V) average. MO YES I".
The PIC program will detect this difference in voltages due / sl
to light or darkness; thus driving the two motors through the / lfﬂiflmw' ______ R
4 control lines (‘On-Off 1', ‘On-Off 2’, ‘Invert 1', & _N_U_mﬂfs

‘Invert2’). The variable resistance role is to increase or : ]

decrease the sensitivity of the phototransistors. It is quite .-"' e ki B

important to include this variable resistance to prevent the / , I J
system from fluctuating for tiny change in sunlight

radiations.
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Bil= On/Off 2 _NO YE3
Bil= Invert 2 [ 1
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Fig. 9: Phototransistor circuit.

F. Implemented Algorithm

Fig. 10: Algorithm Chart.
The program will collect data from all phototransistors.

Priority is given to the bottom motor M2 (Fig. 3). So after3. Experimental Setup
checking AO & Al, the program will rotate the motor M2

towards the phototransistor with less voltage reading untithe two setups (tracking, fixed) are set on the roof of
both readings of AO & Al are equal. Thus it will be university building. Both are located where no object or

directing the module to the max vertical receiving lightshadow will obstruct the sun light. The fixed panel is
position. Then the program goes to check forinclined according to the latitude angle {B®f Lebanon
phototransistors A2 & A3. This time it will rotate the uppertowards the sun arc.

motor (M1) again towards the one with less voltage readings

until both readings are equal. Thus it will be directing theBoth systems’

panels have the same rating and
panel to the max horizontal receiving light position.

manufacturer. They are interfaced through the computer
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serial port to the battery [80(AH), 12(V)] load bank to
record the current and voltage readings (power) round the

Table II. - Tracking System Data

clock. The comparison is carried during different weather_Hour Voltage (V) Current (A) Power (W)
conditions and for different seasons. 07am 15.2 2.5 38

08am 15.54 3.2 49.728
A. Experimental Results During a Clear Day 09am 15.97 3.3 52.701

10am 16.21 3.39 54.9519
A database for the recorded current and voltage readings isllam ig'g’i 233 232126
created. The fixed system values are averaged per each hg 2D . . .

: 4 O1pm 16.08 3.61 58.0488

from 7am to 7pm for a cold sunny day as shown in Table 1:
The tracki t dat ded in Table 2. Th 02pm 15.67 3.61 56.5687
The tracking system data are recorded in Table 2. The gas, -, 1567 353 553151
in the average power in this case is around 10.49 watts PEDApm 1554 353 54.8562
each hour. However to calculate the net gain of the trackinggspm 1554 337 52 3698
system, power lost is also observed and calculated. Thepgpm 15.4 3.42 52 668
motors are normally active for around 10 seconds for everyo7pm 15.1 22 33.22
one hour of duty, so the average value of the power per holraverage Power per Hour (W/hr.) 51.6167

loss came to be around 0.5 watt per hdtnis yields a net
gain of nearly 10 watts per hour i.e. 24% more power is

generated using the tracking system ZE
50 — = =
% 40 -z
Table I. - Fixed System Data L ki
2
Hour Voltage (V) Current (A) Power (W) 0
1] T T T T T T T T T T T T
8;22 12%? i% %gg;g 0Fam 0%am 09am 10am Nam 12pm Mpm 02pm 03pm 04pm 05pm 06pm 07pm
. - . il {hr.)
09am 15.67 2.8 43.876 et
10am 15.98 3 47.94 Fig. 11: Power distribution over the duty hrs period
1lam 16.25 3.2 52
12pm 15.93 3.62 57.6666
g;gm 1156617 g'g 55<57f162 B. Experimental Results During Cloudy Weather
83pm ggz 33'149 4241'3383 The system is also tested under both partially and totally
Osgm 15' 7 2'4 36 % cloudy weather conditions. In case of total shade, the
06pm 154 18 5772 microcontroller collects the data from the phototransistors,
07pm 141 0.9 12.69 deactivates the tracking system and enters a standby mode.
Average Power per Hour (W/hr.) 4112684 Once the sun shines and rays strike the phototransistors, the

system reorients into the optimum position.

The power distribution graph is plotted against the 7am-7prf case of partial shading, the system will keep track of the
period as shown in Fig. 11. It is quite obvious that theSUn as long as the difference in the phototransistors readings
percentage increase in power is focused at the early af®l Sensible (refer to algorithm). Otherwise it goes to the
afternoon hours. After all, the fixed panel at these periods ¢itandby mode. Fig. 12 shows two power-versus-time graphs
the day will not be erected in the optimum irradiationfor two different days of the year. The dotted graph
receiving position. Similar results are obtained for differenfe€presents the tracking system power while the solid one
days of the year and for different weather conditions (hot/€Presents the fixed system. The top graph is captured
and cold) where the maximum power gain reached, with thiguring the morming-noon time while the other is during the
type of tracking mechanism, is 28% more than a fixed one. afternoon. This is due to the availability of such weather
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condition during these days. Again the tracking system

proved its benefit and the power gain varied from 20% to

25%.
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Fig. 12: captured during partial shading conditions.
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