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FPGA BASED EFFICIENT CONTROL
STRATERGY FOR MULTI-MODE POWER
FLOW MANAGEMENT IN SOLAR PV SYSTEM

S.S.Tharanidevi, T.R.Sumithra

Abstract— the growing concern of energy usage is augmented by victimization semiconductor diode street lights, fluorescent lamps, inverter-fed
drives, etc. Hence, the load from the electrical grid is undergoing is notable changes as device from the DC load. Electrical phenomenon (PV) Being a
significant energy supply, the same masses are often connected on to the DC bus. A grid connected (PV), stand alone PV sources; and thence; an influ-
ence flow management system is needed to balance the facility flow among the sources. It's developed by the two-way convertor by sensing the battery
standing. Within which the standards of battery are maintained by multi mode to get the stand alone system. In this, the low-voltage-rated MOSFETs are
often adopted for reductions of conductivity losses and price. Potency is often improved by reducing change loss and run loss. The management strate-
gy digitally enforced on Field Programmable Gate Array board, and is verified for various modes of operation by varying the load and by battery level.

Experimental results square measure conferred to bring out the quality of the management strategy.

Index Terms — Battery, Bi-directional Power convertor, Charge Controller, DC-DC convertor, FPGA controller, Photo Volatile.

1 INTRODUCTION

Photovoltaic cell is that the device that converts daylight into elec-
tricity directly of that magnitude of current and voltage depends on
several factors like temperature, star irradiation, and wavelength of
incident gauge boson etc. A photovoltaic cell module is that the basic
component of every electrical phenomenon [5] system. By increas-
ing issues of pollution and warming, cleaner inexperienced renewa-
ble sources of energy square measure expected to play a lot of vital
role within the way forward for world energy. Most of them square
measure environmentally benign and free from the atmospherically
pollution, acid precipitation, and world [4] climate warming. What is
more, attributes to public support and government incentives over
recent decades, they're growing apace, not solely on technical execu-
tion, however additionally within the breadth of applications. The
general public attention has remained targeted on these renewable
technologies [3] as environmentally property and on the market
choices. It’s discovered that the management strategy for the facility
flow management in battery storage and grid connected PV system.
Attributable to the nonlinear relationship between this and also the
voltage of the cell, it will observe that there's an associate degree
FPGA controller at a specific atmosphere and this peak wall socket
keeps dynamic with star illumination and close temperature. Battery
charging and discharging is completed mistreatment BDC (Bidirec-
tional converter). BDC [7] operates in 3 modes, namely; Buck, Boost
and bidirectional. The formula was verified with MATLAB-
SIMULINK that it will trail the $64000 FPGA in no time once the
temperature changes. The closed-loop system performance of the
projected theme is verified with MATLAB simulations as well as
Load and supply disturbances. The first motive behind the execution
of the task is to urge the facility efficiencies mistreatment PV mod-
ule. The implementation of the management and observation strategy
improves the potency of power flow. Multi mode power flow man-
agement is completed mistreatment FPGA controller. Therefore the
generated power is kept within the battery for the any usage. This
power is often given to the native load and grid. If the facility is low

in PV, it will use the facility from grid to spice up the facility and
keep within the battery. Solar power is one in all the renewable
sources of energy that is harmless scrutiny for energy. It doesn't hurt
the atmosphere and cannot emit any reasonably radiations to the
character. The simplest thanks to utilize the solar power economical
are by an electrical phenomenon panel. Economical powers are often
generated mistreatment the solar power which can facilitate to
bring down the facility crisis facing by our country today. Lower
power consumption additionally suggests that lower cooling, that
will increase system stability, and less energy use, that saves cash
and reduces the impact on the atmosphere [6]. The lack of the stand-
ard sources to possess the power flow management, motivated the
proposal of power management with the alternative energy is shown
within the figurel.

2 MATERIALS AND METHODS
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Fig.1. Block diagram of system

This method will be based on both stand alone system and
grid to the Grid connected system. The main purpose of this
method is to validate the performance evaluation through a
methodology based on efficient Power Flow Management and
constant maximum power of the PV module. In this PV
system consists of three power source grid, PV array, and
battery, three powers sinks grid, battery, and load, and
a power flow management system (PMS) to balance the power
flow between these. These systems propose an efficient power
flow management for providing uninterrupted power supply
to the battery and grid. A high efficiency DC-DC converter
low voltage to high. For selecting the operating mode of the
bidirectional converter by sensing the battery voltage. A
modified proportional and FPGA controller is suggested for
fast output voltage and power flow management. This system
proposes the efficient power and constant voltage output.

3 PV MODULES

In these systems, to boost the employment of solar power, the output
power pair between PV modules as a result of the non-identical star
radiance must be seen. To, avoid the pair issues, PV-DC [1] module
system victimization DC-DC device. Typical PV-battery power gen-
eration system with PV power management team is delineated in
figure 2. This method is tough to expand battery capability as a
result of the fastened size of the large battery bank. PV -battery sys-
tem cannot perform the most power with battery charging. To avoid
this DC-DC boost device is employed to unravel this drawback. The
PV voltage is adjusted by applicable shift of the DC/DC device to
maximize the typical power output of the array.
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Fig.2. Equivalent circuits for PV module

The PV panel is modelled by the single-diode model with series re-
sistance Rs and therefore the parallel resistance RP. For a given level
of star irradiance and temperature, examination of the PV array char-
acteristic reveals that the FPGA is about [8] achieved with an associ-
ate degree output voltage that is proportional to the open-circuit volt-
age of the PV array.

4 DC-DC CONVERTER
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DC-DC converters are a unit one among the necessary electronic
circuits, which area unit wide employed in power physical science.
The most drawbacks with the operation of DC-DC device is an un-
regulated power offer, which contributes to improper perform of DC
—DC converters. There is unitary [2] numerous analogue and digital
management ways used for DC-DC converters and a few are appro-
priated by trade together with voltage- and current-mode techniques.
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Fig .3.Equivalent circuits for DC-DC boost converter

The DC-DC device input area unit typically unregulated DC voltage
input and also the needed outputs ought to be a continuing or mount-
ed voltage. Figure 3 depicts the final circuit of DC/DC Boost device.
Its three main components: electrical device, Capacitor, Diode and
Switch (MOSFET). This MOSFET switch is digitally controlled by
the PWM generator circuit blocks. ZVS DC/DC full-bridge device
could be a kind, soft switch circuit topology that seems earlier in
high power applications. Through part shifting management, the
ability has complete soft switches stimulant and off, reduces the
switch losses, improves potency [10]. Converters with switched ca-
pacitors develop important current peaks that limit the potency and
also the most processed power
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5 BATTERY

In nearly all applications involving battery storage, a charge control-
ler is important and at identical time should be able to discontinue
power flow once the battery is completely charged or has reached a
prescribed state. The controllers have to be compelled to even be
adjustable to form positive optimum battery system performance
below varied charging, discharging, and temperature conditions. If
the charging [9] mechanism is that the grid, then full current square
measure getting to be used for charging. The primary stage is that the
bulk charging part. Once the charging voltage reaches a planned
level, the majority voltage, the charging mode is switched to constant
voltage mode or absorption charge stage. Once the absorption mode
is sustained to a pre programmed time, the charging voltage is dimin-
ished to the float voltage. This float voltage is maintained by the
charge controller and should be set to tier that may not hurt the bat-
tery. Throughout the discharge cycle, the charge controller, ideally,
have to be compelled to stop the discharging of the batteries at pre-
cisely at the prescribed point. The lithium-ion battery provides relat-
ing to 2 to a number of times the power of the nickel metal binary
compound battery during a very smaller package many advantages to
the lithium-ion battery square measure its high potency, superior
specific energy and power, long life, lower initial material value and
fewer replacements, high cell voltage that finally ends up in fewer
cells, higher energy-to weight magnitude relation, suffers little or no
or no memory result which could occur once batteries lose their most
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energy capability.

6 BI-DIRECTIONAL POWER CONVERTERS

For many power physical science applications, particularly PV sys-
tems, the basic demand for efficient management is that the circuit
ought to be capable of handling duplex power flow. Energy transfer
ought to be attainable from the grid to battery during charging mode
and battery to grid in discharging mode. A [11] duplex charger can
have to be compelled to perform smoothly in both directions.
Whereas in discharge mode, the charger ought to come back current
in an exceedingly similar curved form that complies with rules is
shown in figure 4. The DC waveform is then responded to suffered
the electrical converted back into a unipolar modulated signal and
out through the filter producing an AC waveform acceptable to the
grid. A converter is necessary for any PV system involving a conver-
sion between DC and AC power. Looking at the load needs and ap-
plication it's used for, the converter selection, as with any other sys-
tems, should be chosen fastidiously. For this project, a Pulse-Width-
Modulated electrical converter (PWM) is discussed. PWM inverters
are appropriate for PV applications since it's desired to deliver a
curved waveform with an inevitable amplitude and frequency. A
PWM waveform will produce different waveforms by dominant the
duty of sequential pulses. The amplitude is controlled by dominant
the overall duty cycle, whereas the frequency will be adjusted by
dominant the repetition time for the pulse sequence.
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Fig.4.Bidirectional converter circuit

7 CHARGE CONTROLLERS

A charge controller, charge regulator or battery regulator limits the
speed at that current is additional to or drawn from electrical batter-
ies. Charge controllers are sold to customers as separate devices,
typically in conjunction with star, for uses like self-propelled vehicle,
boat, and off-the-grid home battery storage systems. In star applica-
tions, charge controllers might also be known as star regulators.
Straightforward charge controllers stop charging battery once they
[12] exceed a collection high voltage level, and re-enable charging
once battery voltage drops back below that level. Pulse breadth
modulation (PWM) and most power hunter technologies are addi-
tional electronically refined, adjusting charging rates counting on the
battery's level, to permit charging nearer to its utmost capability.
Charge controllers might also monitor battery temperature to fore-
stall heating. Some charge controller systems additionally show in-
formation; transmit data to remote displays, and information work to
trace the electrical flow over time. Star charge controllers that merely
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switch [13] FETs otherwise than the on-off algorithmic rule claim to
be a PWM charger. Solely some controllers are literally employing a
Pulse breadth Modulated (PWM) constant voltage charging algo-
rithmic rule. The remainders are switch FETs with varied algorithms
that are cheaper and less effective. Charge acceptance may be a term
overtimes accustomed describes the potency of recharging the bat-
tery. Since star batteries perpetually recharge with a restricted energy
supply (e.g. Chance is charged with on the market sunlight), a high
charge acceptance is crucial for needed battery reserve capability and
system performance. The batteries remained at low charge states and
therefore the charge controller senses amendment mode into the
charging stand. The controller can mechanically accommodate a
nominal battery voltage.

8 FPGA CONTROLLER

The FPGA device kind is chosen according to the PV machine man-
agement unit implementation space and value requirements. The
advances in FPGA technology enable the synchronise development,
design and implementation of compact high performance [14] intel-
ligent controllers for power systems. The resulting post-layout most
PWM signal frequency achieved victimization the proposed architec-
ture for varied FPGA devices. The corresponding most current and
voltage sampling frequency achieved. The FPGA has the flexibility
to run faster than a microchip. Owing to the flexibility of the FPGA,
further practicality and computer programmed controls may be inte-
grated into the FPGA minimizing the necessity for additional exter-
nal parts. In which, FPGA management the ability flow [15] man-
agement and maintaining the battery status in charging and discharg-
ing mode.

9 SIMULATION DIAGRAM

Fig.5.Simulation Diagram of Proposed System
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Fig.6.Simulation for PV Boost Converter

10 RESULTS AND ANALYSIS

The MOSFET and internal diode in parallel with a series RC snubber
circuit. Once a gate signal is applied to the MOSFET conducts and
acts as a resistance (Ron) in each direction. If the gate signal falls to
zero once current is negative, current is transferred to the parallel
diode. Generate pulses for PWM-controlled convertor. A carrier-
based three-level PWM technique is employed. The modulating sig-
nal (Uref input) is of course sampled and compared with 2 symmet-
rical in-phase level-shifted triangle carriers. The blocks will manage
change devices of 3 completely different bridge types: single-phase
half-bridge, single-phase full-bridge or three-phase Bridge. Once the
synchronous mode of operation is chosen, the synchronization signal
is applied at the input (wt). Pulse sort determines the machine tech-
nique used. Time-based is usually recommended to be used with a
variable step convergent thinker, whereas Sample-based is usually
recommended to be used with a set step convergent thinker or inside
a separate portion of a model employing a variable step solver. Ideal
switch is employed to change controlled by a gate signal in parallel
with a series RC snubber circuit. In on-state the Switch model has an
interior resistance (Ron). In off-state this internal resistance is infi-
nite. The interior resistance should be larger than zero. The switch
model is in-state once the gate signal (g) is about to one. Implements
a generic battery that model most well liked battery varieties. Un-
check the "Use parameters supported Battery sort and nominal val-
ues" parameter to edit the discharge characteristics. The output undu-

lation at the several scopes.

11 SIMULATION OUTPUT

Fig.7.0utput Waveform for Proposed System

Fig.8.0utput Waveform for Boost Converter Circuit

10 CONCLUSIONS

Thus the projected system for the ability flow management with the
employment of FPGA based mostly dominant of the grid-connected
PV system fed with DC masses has been simulated victimization the
MATLAB tool. The results of the simulation have tried the im-
portance of the theme in providing multi mode steady-state perfor-
mance of the convertor. The biface convertor plays a significant role
in providing biface flow of power so as to compensate the low power
level within the battery by getting the desired level of DC power
from the grid. The management strategy has been digitally enforced
on an FPGA board and located to be engaging from the angle of
providing uninterruptible power to DC masses, whereas guaranteeing
the evacuation of excess PV power of prime quality into the grid. For
the long run work, the simulated circuits are going to be enforced
over hardware and aim is to attain smart correlation between the
results of simulation and experiments. Conjointly to accomplish
smart performance by maintaining the ThD of the injected grid cur-
rent at intervals allowable limits by the choice of a minimum current
reference for injection.
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