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ABSTRACT

In this paper, photovoltaic system (PVS) contains solar cells array, lead acid
battery and a load is constructed. The lead acid battery is represented by the
agricultural tractor battery. The PVS load is the agricultural tractor electrical circuits .
These circuits are the lighting circuits , injunction pump and accessories such as
laser system used for land leveling.

The main objective of the research is the evaluation of the electrical
performance of each element of the PVS. The system is constructed and operated
during five sun shin periods.

During these periods the evaluation of the performance for each PVS, elements
is accomplished. The research shows that the solar calls array is a nonlinear element.
Hence, its performance ( I,V ) is a nonlinear. This means that its output voltage is not
constant on the load. Consequently, the flocculation of the tractor electrical circuit
operation will be occurred. The research shows that, the tractor lead acid battery may
solve the last problem. The electrical performance of the tractor lead acid battery
during the sun shine periods is determined. Two levels of battery voltage (6V,12V) are
selected for the evaluation . The selected level represent that the laser tractor
batteries are such that, two 6 volt series batteries each 80 Ahr or 12 volt 155 Ahr one
battery . The research shows that the tractor battery plays a good role for staplizing
the voltage of the tractor electrical circuits . This leads to good improvements for the
tractor system operation and for reserving the battery charging at predetermined
levels. The last improvements prevent the voltage flocculation on the tractor circuits
and the accessories connected to the battery. This leads to good performance of the
laser system connected to the tractor electrical system.

INTRODUCTION

The Photovoltaic power systems are known to be nonlinear, and there
exists one operating point corresponding to maximum power point (MPP).
The MPP from PVPS depends on the environmental factors such as solar
insolation, and operating cell temperature [Hunh et al., 1995 and Mitchell,
1988]. The optimal operating point varies widely overtime. DC-DC converters
are used to convert the unregulated DC input into a regulated DC output at
desired voltage level. The control objective for boost converter is to move the
operating point of the PVPS to the constant voltage. The control objective for
buck-boost and cuk converters are to move the operating point of PVPS to
it's peak power point [Mashaly et al., 1998].

Lead acid batteries provide the most common means of energy storage
in PVPS today. A prominent feature of their operation is cycling. These,
together with other operation parameters, affect the battery life and
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maintenance requirements which must be allowed for the design of a PVPS
[Mahmoud et al. 2000, Margaret et.al. 1992 & Margaret et al. 1996]. The
charge controller of the lead acid battery consists of three main circuits. The
first one is the comparator designed according to limit the battery voltage
between UTP and LTP. The second is the buffer circuits which are used for
coupling the comparator circuit and the power transistor switches for safe
operation of the whole circuits. The third circuit is the controller switch
[Eskander, S. S. and H. M. Noor 2009]

In this paper, the lead acid battery is used to regulate the terminal
voltage of static resistive load connected directly with solar cells array as well
as an energy storage element. Experimental measurements are carried out
and analyzed for solar cells array, battery and load for 40 hours.

MATERIALS AND EXPERIMENTAL METHODS

1- Materials.

The PVPS under investigation consists of one modules of solar cells
contains 36 grided single crystal solar cells with series connections, 75W,
19.5V. Lead acid battery suitable for tractor and any agriculture equipment
and a resistive load. The load and battery are connected in parallel and
supplied by solar cell module through blocking diode. The tractor electrical
circuits and the accessories connected to the load (such as laser system) are
represented by pure resistive load in the solar energy laboratory during the
test. Digital voltmeters and ammeters are used for measuring the voltage and
current at different points of the PVPS. A chart recorder is adjusted in the
laboratory for recording the intensity of solar radiation during the sunshine
five periods selected. Another chart recorder used for recording all
performance parameters against time for the PVPS elements.

2- Evaluation method

First of all, the PVPS system is constructed. The battery and the
resistive load are connected in parallel together with the module through
blocking diode to prevent the revising of power flow from battery to the solar
cells arrays . Initially, the battery must be fully discharged. The selected
operating five periods are selected such that pure clear sky during summer
season is selected. The PVPS system operates and the tractor battery is
initially charged in the first period. The battery becomes full charge through
the periods. During the operating periods measurements of the evaluation
parameters are carried out. The evaluation parameters selected for
measuring are;
* Intensity of solar radiation
* Load current and voltage against time
* Battery voltage and current against time
* |-V characteristics of the tested module at different levels of insolation
* Power voltage characteristics of the tested module at different insolation

levels

* Maximum power output of the module against day time .
*Module output power against time at 6v module terminal voltage.
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* Module output power at terminal voltage 12v.
*Load current and voltage against intensity of solar radiation
* Battery current and voltage against solar intensity of radiation.
* Source current and voltage against solar radiation.

The previous system evaluation parameters are enough for the PVPS
system evaluation. All evaluation parameters are recorded instantaneously by
two channels chart recorders adjusted in the solar energy laboratory.

RESULTS AND DISCISSION

The instantaneous values of solar radiation (W/m?) are recorded by
chart recorder through the experiment period as shown in fig. (1) The figure
contains five periods represent five days during which the experiment is
carried out. Through these periods, the batter under investigation becomes
full charge.

Radiation. (w/m?) f ; o S

B0 4 8 12 16 20 24 28 32 3% 40
Time, (hr)

Fig. 1. Radiation Intensity against Time

1. Electrical Performance of PVPS Elements

The electrical performance of PVPS elements are obtained during the
previous periods and analyzed as follows;
1.1. Load electrical performance:

Fig.( 2) illustrates the load voltage against time during the five periods
under investigation. The figure illustrates that the load voltage is holding
constant during the periods in spite of variable quantities of isolation levels.
This figure shows that the terminal voltage of load may be held constant
when the battery connects at solar cells array terminal. The load current
against time is represented by fig.( 3 ) . The figure illustrates that this current
becomes constant in spite of the variability nature of insulation incident upon
the solar cells array. So, the current through the load may be written as:

||_ = V|_/ RL .............................................................................. (1)
Where;

VL =load voltage

IL =load current

RL = load resistance.
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Fig. 2 Load Current against Time Fig. 3 Load voltage against Time

1.2. Lead Acid Battery Behavior:

The experimental behaviors of lead acid battery which operates as a
Iby figures. (4) and (5) . Fig.(4) illustrates the battery voltage against time
which represents that it has a constant values during the periods under test.
The battery under test is 12 V, 155 Ah. It's voltage reaches to 16V at
charging condition. On the other hand, the battery current takes another
behavior as shown in fig.(5). This current depends upon the insolation levels
incident upon the solar cells array.

Battery Current, (Iv), (amp)

7

6 — ol B .

4 N N S N -

2 _ B | e I L] 1 - . SRR SR S
0 4 8 12 16 20 24 28 32 36 40

_ 04 8 12 16 20 24 28 32 36 40
Time. (hn) Time. (hr)
Fig.4: Battery Voltage against Time. ~ Fig.5: Battery Current against Time.

1.3. Solar Cells Array Behavior:

Initially, the solar cells module is connected with purely resistive load as well
as ammeter and voltmeter. The recorded data become the current and
voltage of the module at different values of the load. Along with at different
isolation levels. The pervious testes are carried out during one day of
sunshine period of that day. The current voltage characteristics of the tested
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module are recorded as illustrated in fig. (6). The fig represents that as the
level of isolation increases the 1-V Characteristic curve of the solar module
goes up. Hence the short circuit current of the module increases linearly by
the increasing of the isolation level. Conversely, the module open circuit
voltage remains constant and does not affect with the isolation level.
Investigation of each characteristic shows that it consists of two parts
between them a knee connects with them. The maximum power point of each
characteristic locates at the knee.

The maximum power output from the tested module is very important for
the designer of photovoltaic power system (PVPS). As the PVPS designed
such that it operates at maximum power point, this means that the optimum
size of the array is achieved. Consequentially, the experimental determination
of the maximum power point of the test module becomes very important.
Experimentally for obtaining the maximum power point, the power — voltage
characteristics of the tested module must be recorded.
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Fig. 6: Current- Voltage characteristic of the tested module at different
insolation levels.

Fig.(7) illustrates the relationship between the output power of the tested
module against its terminal voltage. The figure reveals that as the load
increases the output power of the module also increases and reaches to the
maximum value at voltage nearly equal to 13.5V. Breakdown occurs beyond
the point of maximum power. Hence, as continuously increases of the load
output power the module output power decreases. So, the best point of
operation of the tested module becomes the voltage corresponding to the
maximum power point (13.5 V). The figure also shows that the voltage at
maximum power point for all characteristics is nearly constant. Consequently,
the selection of the battery system must be related to the maximum power
point of the tested module.

The designer of PVPS attends with the energy output from the solar
cells module during each day of the year. The maximum energy output from
the module is related with the maximum power output of the module. Hence
for determining the maximum energy output during the day, the maximum
power points of the module must be determined and recorded
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Fig. 7: Power- voltage characteristics of the solar cells module under test.

Fig.(8) represents the module maximum power output during the
sunshine period against day time. The figure illustrates that, the maximum
power output from the module is directly proportional with the solar radiation.
Hence it reaches to maximum value at noon instant.
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Fig. 8: Module maximum Power output against day time.

The maximum energy extracted from the module represented by the
area under the curve of fig. (8) The calculations by the aid of computer
represent the energy is 365.8412 watt-hr/day. The previous energy is very
important for designing of PVPS array area.

The batteries are suitable elements for storage systems of photovoltaic
power system. The selections between batteries are based up many factors.
The important factor is that to make the solar cells array operates at
maximum power point. Selection of battery voltage connected with the solar
cells array is the main factor of selections. Hence the experimental work is
carried out at tow levels of battery voltages (6 , 12 v). These two levels are
selected because the batteries market has the two levels of voltage.

Fig.(9) illustrates the relationship between the output power of tested
module against time at terminal voltage 6v of the module. The calculated
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energy during the day at this level of voltage calculated by the aid of the
computer is 173.802 watt-hr/day.
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Fig. 9: The Output Power of Tested Module against Day Time at
Terminal Voltage 6v.

The module power output against time at voltage level 12 is illustrated in
fig.(10). The energy output from the module extracted is calculated as
336.2234 watt-hr/day. The calculations reveal that the energy output from
the module reaches to maximum value at the voltage level corresponds that
the voltage at maximum power point (13.5 v) approximately.
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Fig. 10: The module power output against day time at voltage level 12V.

The electrical characteristics of solar cells array (SCA) energized the
lead acid battery and load are measured and illustrated in figures (6) and (7).
Fig. (6) represents that the SCA output voltage still constant during the five
periods under investigation although the load on it has a variability in nature.
The constancy of solar cells array voltage is the second goal obtained due to
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the using of lead acid battery with Photovoltaic system. Conversely, the SCA
output current has a variable function with time, this is due to battery current
variation as shown in fig.(6). Fig. (7) illustrates the variability nature of SCA
output current.

This current can be written in the following form;

IS = Isc' IQ (ekv' 1) ..................................................................... (2)
Where

Isc = the short circuit current of SCA.

k = constant.

lo = dark saturation current.

Because the battery current takes the same behavior of SCA current
S0, this current can be obtained mathematically as;

IB = |5 - ||_ ............................................................................. (3)
SO,

Ilesc'Io (ekv'l)IL ....................................................................... (4)

Where:

IL =has constant values during the testing periods.

2. Effect of Insolation Level upon Electrical Performance  Parameters
of PVPS Elements.

The effect of insolation level upon voltage and current of load, battery
and SCA are experimentally investigated. The insolation levels selected for
this investigation are splited into two groups. The first one represents the
levels obtained before noon instants of the five periods under investigation
where, the second group represents the levels of insolation obtained after
noon instants for all periods.

2.1. Load:

The load current is not approximately affected by the insolation level
as shown in fig. (11). This is due to using of lead acid battery. The last figure
can be splited into two parts. In the first one a slight variation of the current is
obtained. This is due to the instability nature of the battery directly after
connecting it with SCA. The second part represents the constancy of load
current with the insolation level. Besidelly, The load voltage-insolation level
characteristic also have two parts. Through the first one, the insolation level
has a pronounced effect upon load voltage as shown in fig. (12). This is also
due to the instability nature of the battery directly after connecting it with SCA.
In the second part of fig. (12) a slight variation of load voltage with the
insolation level is obtained.
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2.2. The Battery:

Fig. (13) represents the battery current-insolation level characteristic.
This is an expected behavior because the battery represents as a nonlinear
load. Inversely, the battery voltage against insolation level, fig. (14) after and
before noon instants during the periods under investigation takes
approximately constant function. In the first part of the characteristic (which
represents the levels of insolation obtained before noon instants) a slightly
increasing in battery voltage is obtained. This is due to the instability nature of
the battery obtained directly after the connection with SCA. After this the
voltage becomes constant during the remained part of the periods.
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2.3. Solar Cells Array:

The output current of SCA against the level of insolation before and
after the noon instants is represented in fig. (15).This characteristic takes
linear behavior before and after the noon instants. The difference between
the slopes before and after the noon instants is due to the battery behavior
before and after these instants. Fig. (16) illustrates the relationship between
solar cells array terminal voltage and insolation levels. It is also can be splited
into two parts. One of them before the noon instant, through which the
voltage is varied between 14.5 V to 18 V with percentage variation of 19.4%.
In the second part, the voltage variation lies between two limits which are 18V
and 16V with percentage variation of 11.11 %. The large variation, which
occurs in the first part, is due to the instability nature of the battery at this
period.
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Fig. 15: Source Current Against Fig. 16: Source Voltage Against
Radiation Before And Radiation Before And
After Noon Instant. After Noon Instant.

Conclusions

In this paper, the tractor electrical circuits are used a load in
photovoltaic power system. The electrical performance of each elements of
PVPS is illustrated .The solar cells array performance is represented as its
output become 6 and 12 volt .these two levels of voltage are very suitable for
the agricultural tractor .

This paper also presents the importance of using lead acid battery as
a voltage regulator in Photovoltaic power system. The experiment results
show that a good regulation is obtained at load terminal. On the other hand, a
regulation at solar cells array terminal in the range of 19.14 % to 11.11 % is
obtained before and after noon instants. This is due to the instability nature of
battery operation before noon instants. So, the battery may play a good role
for fixing the voltage at the load terminal.
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