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ABSTRACT

The aim of this search is the determination of electrical performance of
photovoltaic power system connected with a predesigned DC chopper (DCC), which
is built in the solar energy laboratory of our electrical department. Mathematical model
is built up to define the system operation. Optimum limits of chopping frequency are
determined. The effect of load (DC Fan) and Insolation level change upon the
performance of solar cells array (SCA) arc investigated. In the present paper, a novel
circuit, referred to as the generation control circuit (GCC), or DC chopper which
enables maximum power to be obtained from all of the PV modules even if some of
the modules are prevented from receiving light. The proposed circuit enables the
individual PV modules to operate effectively at the maximum power irrespective of the
series connected PV module system.
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INTRODUCTION

Photovoltaic energy seems to become one of the most important
renewable energy resources in the near future, since it is clean, pollution
free, and inexhaustible. Due to the rapid growth in semiconductors and
power electronic techniques, the solar energy is of increasing interest in
electrical power applications, and a large research activity has been carried
out in this field over the last years.

Application of solar power drive is certainly growing as they offer clean
source of energy and also there is need to conserve fossil fuels. At present
solar drives are employed for space applications and water pumping
particularly for agriculture applications and is seriously contender for use in
room air conditioners. Standard DC motors are mostly used as constant
speed or adjustable speed motors. The control schemes employed for the
same are developing day by day for reliable operation various sources of
electrical energy are employed along with the drive. The power control
scheme uses semiconductor devices such as MOSFET, IGBT, etc. with
various switching techniques. The designers are forced to optimization of the
performance of solar power DC motor drives. These drives have now
dominated the area of variable speed because of their low cost reliability and
simple control [Moleykutty G, 2012].

The solar energy i.e. heat energy is converted to electrical energy (in DC
voltage) using photovoltaic cell. In absence of solar energy, the power can
also be supplied from batteries, rectifier or DC generator. The voltage needs
to be step up using Boost Converter. Hence Boost converters are called as
step up converter. The variable DC voltage can be achieved by using
chopper. This variable DC voltage is required for the control of Drives with
adjustable or varying speed control. The complete system of equivalent solar
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energy PV model feeding DC drives through control technique is as shown
below. Some Application require the use of DC Drive, such as space
application, water pumping, etc, Now, a day application of solar power is
increasing as to conserve the energy [Rajesh and Ramersh 2014].

The quality of load matching is defined by two factors: the insolation-
utilization efficiency, and the time-utilization efficiency, both are defined by
the ratio of load input power to the maximum available power of the PV array
for a given insulation level and time. Optimum matching of loads to the
photovoltaic generator is most desirable for more accurate sizing higher
system performance and maximum utilization of cost solar array generator.
The quality of load matching depends on the PV array characteristic, the load
characteristic and the insolation profile. Matching factor is defined as the ratio
of load energy to the array maximum energy over one day period. Optimum
matching is achieved by determining the optimal array parameters with
respect to the load parameters. Optimization is carried out by using direct
search techniques as shown in reference [ Kamel .K. 2011]. The dc to dc
converter connected to a motor load fed by a photovoltaic cell is carried. This
is an efficient way of utilizing the non renewable energy resources for
domestic appliances where there is no availability of power supply.

The use of the bidirectional dc to dc to converter is advantageous as it
enhances the signal and helps in boosting the voltage obtained from the
output of the photovoltaic array. The output of the PV array is a low voltage
which can be boosted up to a required level using the converter. This is the
great advantage of this project as the appliances can be run with less
number of solar cells. This work can be extended to even ac motors by
introducing an inverter circuit at the load side. Hence this can be best option
at the remote places where there is no way to transmit the power. [
International Journal, 2014].

The DC motor is considered as a SISO (Single Input and Single Output)
system which has torque/speed characteristics and is compatible with most
mechanical loads. By proper adjustment of the terminal voltage [Dubey. G.K
,2013] the mentioned characteristic makes a D.C motor controllable over a
wide range of speeds. In this article controlling DC motor speed using
Chopper as power converter and Pl as speed and current controller is
investigated. A chopper is a static power electronic device that converts fixed
dc input voltage to a variable dc output voltage. Chopper systems have
smooth control capability and are highly efficient and fast in response. A
chopper can be used to step down or step up the fixed dc input voltage [
Bimbhra , P.S. 2008 ] like a transformer.

In the another study based on closed loop system model and using
chopper as a converter and Proportional-Integral type Speed and Current
controller the speed of a dc motor has been controlled. At first for controlling
speed of DC motor a simplified closed loop is utilized and requirement of
current controller is studied. After that DC motor is modeled more completely
and a full layout of DC drive system is achieved. A current and speed
controller is designed. The speed control loop is optimized through Modulus
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Hugging approach. A DC motor specification is taken and corresponding
parameters are driven from derived design approach. [Gopakumar,2013].

In this paper an efficient attempt is made for using the non-renewable
energy resource (solar energy) as an voltage source input i.e. the output
voltage of the photovoltaic array is used as an input to run the load. In this
paper the load and the source are separated by a dc-dc chopper. The mono-
crystalline model of the PV array connected to dc motor separated by a dc —
dc chopper is developed and the outputs are presented. The block diagram
shown below gives a basic idea of the paper.

The dc chopper plays an important rote of matching the load with solar cells
array (SCA). The (DCC) regulating the (SCA) terminal voltage and tracks it at
maximum power output. The technique of changing frequency is used to
achieve the previous aim..

MATERIALS AND METHODS

Photovoltaic Effect:

Photovoltaic (PV) is a method of generating electrical power by converting
solar radiation into direct current electricity using semiconductors that exhibit
the photovoltaic effect. Photovoltaic power generation employs solar panels
comprising a number of cells containing a photovoltaic material. Materials
presently used for photovoltaic include mono crystalline silicon,
polycrystalline silicon, amorphous silicon, cadmium telluride, and copper
indium solenoid/sulfide. Due to the growing demand for renewable energy
sources, the manufacturing of solar cells and photovoltaic arrays has
advanced considerably in recent years.

Solar Cell:

A solar cell is a solid state device that converts the energy of sunlight
directly into electricity by the photovoltaic effect. Assemblies of cells are used
to make solar modules, also known as solar panels. The energy generated
from these solar modules, referred to as solar power, is an example of solar
energy..Fig (1) shows the photo of the solar cells array, and table ,(1)
illustrates its specifications, and the electrical specifications were listed in
Table.(2).

Figure (1) : The photo of the mono-crystalline PV.
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Table (1): The specifications of the photovoltaic module.

Cell Technology Specifications
Panel dimensions (m x m) 1.20x.0.53
Front cover (glass) ,mm 6
Cell dimensions (mm) 120 x 120
Number of cells (in series) 36
Cell Area (m?) 0.014
Aperture Area (m?) 0.64
Coverage Area (m?) 0.61
Table (2): Electrical characteristics of the photovoltaic:
Electrical Characteristics Specifications
Voltage at peak power (Vpp) 24
Current at peak power (Ipp) 5
Open circuit voltage  (Voc) 26
Short circuit current (Isc) 6
Electric Fan:

The proposed DC chopper can be used in agricultural machinery
rotation, and In this research a fan of the type DC was used. The electric fan
with DC motor was evaluated using the DC chopper designed at laboratory.
The photo of the examined DC fan during laboratory experiments are shown
in figures (2) .

Figure (2) : DC electric fan

An electric fan driven by DC motor was used as a load during this study,
to measure current at peak power and voltage in order to evaluate the
performance of the PV output with DC chopper. The specifications of the
electric fan are shown in Table (3).
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Table (3): The specifications of the electric fan.

Characteristics Specifications
Fan diameter (mm) : 310
Frame diameter (mm x mm) 350 x 390
Number of blades : 5
Test range :
Voltage at maximum r.p.m : 10.40
Current at maximum r.p.m : 4.79
Power consumption : 49.82
Operating Temperature (°C) 25¢C°
Weight : 4 kg
DC chopper:

DC chopper is a static power electronic device that converts fixed dc
input voltage to a variable dc output voltage. A Chopper may be considered
as dc equivalent of an (DC) transformer since they behave in an identical
manner. Chopper involves one stage conversion; these are more efficient
Chopper systems offer smooth control, high efficiency. A chopper is a high
speed on or off semiconductor switch. It connects source to load and
disconnect the load (DC fan) from source (PV modules) at a fast speed . The
Schematic diagram of the DC chopper circuit is shown in fig.(3).

Fram1
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Fig (3): The Schematic diagram of the DC chopper circuit.

Experimental System under Test and the results For obtaining the
electrical characteristic of solar cells array, the experimental system shown in
Fig.(4) is built up. This system contains one module of (SCA) (with
specifications 120 watt maximum output power, 24 volt open circuit voltage
(DC) chopper (DCC), which is designed in our laboratory, and variable static
resistive load [Agricultural DC Motors Load (DC cooling fan)]. The design
procedures of the chopper are shown in figure (4).
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Fig.. (4) : Blok diagram of the experimental system.
RESULTS AND DISCUSSION

The aim for obtaining the previous characteristics is the determination of
the optimum frequencies required to operate the load continuously at
maximum power point at different insulation levels. To achieve the later goal,
the electrical characteristics of (SCA) directly connected with the load are
recorded at different insulation levels. Then, the locus of maximum power
points curve is obtained. Fig.(5) illustrates these characteristics and the locus
of the maximum power points of the module under test. On the other hand,
the electrical characteristics of (SCA) under test connected with the same
load through (DCC) are also recorded at different insolation levels and
chopping frequencies.
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Fig. (5) : Characteristics of SCA under test and the locus of maximum
power point at different insulation levels without coupling with
DDC.

Fig.(5) shows the sample of these measurements. In this figure the (I-V)
characteristic of (SCA) without connection of (DCC) is known as the extreme
characteristic. The optimum load (load at maximum power point) for the
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extreme characteristic is also shown in the figure by the extreme load line
(Lo). Other arbitrary loads are also shown in the figure. These loads don't
operate at maximum power point of the extreme characteristic. The problem
is how to operate these loads at voltage of maximum power point (to regulate
the load voltage) of the extreme characteristic. At this instant the role of
(DCC) becomes very important. The (DCC) is employed to operate these
arbitrary loads at voltage of maximum power point of the extreme
characteristic by changing its chopping frequency. The figure shows also that
the electrical characteristics of SCA at different chopping frequencies (the
insolation level is constant) (C.F) go down the extreme characteristic and the
arbitrary loads become the optimum ones for these characteristics.

Fig.(6) represents that the voltages at maximum power point for all
characteristics become fixed. Various behaviors of SCA are obtained from
the previous figure.
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Fig.(6) : | -V Characteristics of SCA at the instant of Employing DCC at
Different chopping Frequencies and Fixed Insulation Level of
800 W/m.

The relationship between the voltage deviation (VD) and chopping
frequency at different insulation levels is illustrated in Fig (7). The voltage
deviation (VD) is formed as,

VDZV 0™V mp +e e erreeeeenenet et ettt e et e et e e et et et et et e aes Q)
Where;
Vip: is the voltage at maximum power point of the extreme
characteristic at specific insulation level and
Viee : is the voltage corresponding to the intersection of load line
with chopping characteristic (the characteristic of (SCA)
connected with IXC at the same insolation level of the
extreme characteristics).
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Fig.(7) : Relationships between Voltage Deviation VD and chopping
frequencies at Different Insulation levels.

This figure represents that for all insolation levels vd decreases as the
frequency increases. But, the rate of change of (VD) is very low in the
frequency range of 6(KFch< 400HZ. Conversely, the previous change
becomes very high during the range of 400<Fch<1000 HZ. This is due the
fact that the first range of the chopping frequency (C.F) provides suitable
frequencies for high loads. On the other hand, the second range represents
suitable chopping frequencies for low loads near to the maximum power
point of the extreme characteristic. The dc chopper frequency range suitable
for the module under test is 60<Fch<1000HZ. The high level of (C.F) (1000
HZ) is the extreme frequency above which the (DCC) loses its role of
operation with SCA and doesn't operate The low level of (C.F) (60Hz)
represents the minimum value of (C.F) corresponding to a very high load
level. At this load the SCA must not operate, because the extracted power of
SCA becomes very small.

The relationship between the ratio of the load at maximum power points of
chopping characteristics and that of the extreme characteristic which is called
as load ratio (U) against frequency is illustrated in Fig.(8).

Where;
L, :is the arbitrary load in ohm,
L, :is the optimum load located at maximum power point
(MPP)of the extreme characteristic.
The figure represents the inverse relation between (L) and (C.F). The effect
of insulation level upon the tested module is also illustrated in this figure. At
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high insolation level, large values of load ratios are obtained conversely, small
values of (L) are achieved at low insulation level. This means that, the
chopper loses its role at low levels of insulations. In essence, there are two
limits control the (DCC) operation. The first one is C.F and the other

becomes insolation level.

“
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Fig.(8) : The Load ratio L against Chopping Frequency at Different
Levels of Insulation.

Fig.A. is modeled mathematically for giving required C.F at any level of
insulation and any load ratio. This relation is modeled as;

fn= b () 3)
8*107* |,
Where,
I, : is insulation level , W/m?.

Fig.(9). shows the relation between specific load terminal voltage and
insolation level at different C.F. (the load is fixed constant during the
measurements). The figure represents that, the linear part of the
characteristics are obtained at C.F range of 0<FdI<400 HZ. But at the range
4<XKFcfa<800 HZ the load terminal voltage becomes constant at values
rather than that at maximum power points.
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Fig.(9) : Relation between Specific Load terminal Voltage and Insulation
level at Different Chopping Frequencies.

CONCLUSIONS

In this paper the technique of varying the solar cells array terminal
voltage by using a predesigned DC chopper, which designed at solar energy
laboratory of electrical engineering department, The chopper used for fixing
the array terminal voltage at specific value and tracking the point of
maximum power of (SCA). The best value of voltage at which the array
terminal voltage must be fixed is the voltage at maximum power point of the
(SCA) characteristics without using (DCC). The (DCC) employs for fixing the
array terminal voltage at pervious specific value. The electrical performance
of the photovoltaic system operates with and without DC chopper is
investigated. The results show that, there exist lower and upper levels of
chopping frequencies between them the best operation of the system which
contains dc chopper is obtained. The frequency range of operation depends
upon the number of modules used. An important mathematical model is built
up for determining the optimum chopping frequency at which the DC chopper
operates at specific load and insulation level. The results show that the
insulation levels and load ratios having significant effect upon the PV system
operates with (DCC). The chopper used here has an efficiency of about 93
percent.
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