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Abstract: The DC-to-DC bi-directional resonant converter showing this project is intended for use in bi-directional
power transfer applications, particularly those involving the charging and discharging of batteries in electrical
vehicles. It is comparable to an LLC resonant converter, but in order to achieve bi-directional capability, a second
inductor and capacitor were added to thecircuit's secondary side, making the resonant network symmetric so that it
could operate bothforward and backward. 1t is assured that the switches in the inverting step have zero voltages
witching (ZVS). Additionally, under ZCS, these secondary side rectifier diodes switch off. Reduced losses and high
frequency operation made possible by ZVS and ZCS cause magneticcomponents and filter capacitors to shrink in
size, which in turn reduces their weight, volume, anddimension while enhancing power density. In order to
thoroughly analyze the converter's voltages and currents, an analog us model of the converter is first created in this
project. Next, the converter is simulated in order to confirm that the conceptual designs sound.
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OBJECTIVE

This project proposes to develop an isolated bi-directional DC- DC converter using a series connection of
bidirectional DC converters. These soft switching converters provide a broad dutyratio, zero current transition
(ZCT)for turning off all switching devices, high voltage gain withless voltage stress across the switches,
andintrinsic voltage balance atthe twopoles of the DCbus. Because soft-switching is available with this
converter. On the other hand, power transfer viathe LLC resonant converter is unidirectional. Its gain is limited
to less than unity while in reversemode operation. The CLLC bidirectional resonant converter is a unique
architecture that has beenresearched and used in a few energy storage applications. A low-voltage symmetric
LLC-typeresonantarchitecturehas beenproposed.

Hybrid PowerEV/PHEV

But because of its relatively limited voltage range, it cannot be used in an EV or PHEV application.
A large voltage range CLLC architecture was suggested and used in the 400V/48V input/output continuous
power supply system. However, due of the large disparity between theinput and output voltages, its
transformer ratio is impractical in battery charging applications. This work presents a bi-directional DC/DC
converter of the CLL-LC type that satisfies all on-board criteria.

HybridPowerSystemBus

Electricity bus is a good conductor in made into a bus-barfor transporting energy frompower
generator/converter to the grid. Hybrid renewable energy power system (HRES) has two levels of voltage bus
the DC and AC produced by the mixture and crossbreed of energy resources.
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The above figures are in one line/block schematic representing three phase system for hybridRE
resources to produce output voltage waveform shown in Figure 1.5. However, hybrid RE canbe also be
designed to supply single phase system for smaller single phase load demand and itsoutputvoltagewaveis
singleimplied.

Hybrid RE three phase output voltage wave forms.

Hybridizing is a common strategy for improving the sizing of renewable resource (RER)energy resources;
it is also known as cross breeding in the SPV. The optimum scale of renewable energy resource to harvest
energy reliably depends on the optimal design of conversion model. Energy converters are RER and come with
assorted characteristics, sizes, and brands guide in the design and the implementation of projects. The RER
characteristics of solar photovoltaic and micro hydro are the main focal area to be considered for discussion and
analyses is in this study.

ProblemStatement

Bi-directional DC micro-grids are gaining popularity because of their high power handling capacity,
adaptability to link loads of two different voltage levels, flexibility to connect multiple renewable energy
sources (RES), and dependability. An suitable DC-DC converter with a highvoltage gain and an easy-to-use
management method is needed to manage bipolar DC micro-grids with energy storage devices. A high gain
bi-polar bi-directional dc-dc converter is suggested to operate at greater voltage and power levels with less
voltage stress across these witches; none the less, it causes electromagnetic interference (EMI) and offers the
same voltage gain as uni-polar bidirectional converters. Although there is less voltage stress between the
switches in the flying capacitor-based bipolar bidirectional converter suggested in, the voltage gain is the same
as that of the unipolar converter that is bidirectional. In order to attain high voltage gain, a switching capacitor-
based bipolar bidirectional converter is developed, however it also has significant current ripple and current
stress throughout the device. The neutral point clamped three level inverter-based bipolar bidirectional
converter suggested in a high voltage gain and a restricted duty ratio. A bidirectional medium voltage "ladder"
with a DC-DC converter is suggestedinordertogethighvoltage.

BLOCKDIAGRAMANDEXPLANATION
Electricity cannot be mined from the ground like coal. So it is called a secondary source
ofenergy,meaning that itis derivedfrom primary sources, including coal, natural gas, nuclearfission reactions,
sunlight, wind, and hydropower. Most direct uses of primary energy are limitedto generating heat and motion.
Electricity, by contrast, is extremely versatile, with a wide range ofcomplex applications. Electricity plays such
an essential role in contemporary American life that its supply and demand are often examined separately from
the primary sources used to produce it.

SolarEnergy

The amount of sunlight that strikes the earth's surface in an hour and a half is enough tohandle the entire
world's energy consumption for a full year. Solar technologies convert sunlight into electrical energy either
through photovoltaic (PV) panels or through mirrors that concentrate solar radiation. This energy can be used
to generate electricity or be stored in batteries or thermal storage. Below, you can find resources and
information on the basics of solar radiation ,photo voltaic and concentrating solar-thermal power technologies,
electrical grid systems integration, and the non-hardware aspects (soft costs) of solar energy. You can also learn
more about how to go solar and the solar energy industry. In addition, you can dive deeper into solarenergy
and learn about howthe U.S. Department of Energy Solar Energy Technologies Office is driving innovative
research and development in these areas.
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WindEnergy

Wind is used to produce electricity by converting the kinetic energy of air in motion intoelectricity. In
modern wind turbines, wind rotates the rotor blades, which convert kinetic energyinto rotational energy. This
rotational energy is transferred by a shaft which to the generator,thereby producing electrical energy .Wind
power has grown rapidly since 2000, driven by R&D,supportive policies and falling costs. Global installed wind
generation capacity - both onshore and offshore - has increased by a factor of 98 in the past two decades,
jumping from 7.5 GW in 1997to some 733 GW by 2018 according to IRENA’s data. Onshore wind capacity grew
from 178 GWin 2010 to 699 GW in 2020, while offshore wind has grown proportionately more, but from alower
base, from 3.1 GW in 2010 to 34.4 GW in 2020. Production of wind power increased by a factor of 5.2 between
2009 and 2019 to reach 1412TWh.

SolarMicro DC/DCconverter

The Solar MicroDC/DC Converter is a DC/DC converter per module which maximizessolar energy
generated per system by performing Maximum Power Point Tracking (MPPT) permodule. The Solar DC Micro
converters can boost the total solar energy produced up to 30%. TheSolar DC Micro converters measure the
power and the energy produced per module, as well as the temperature and the voltage of the module. Each
The Solar DC Micro converters is equipped with arc detection and determination, which automatically shuts
down the module’s DC voltage in case either the module’s temperature or voltage is too high.[350Vor380V DC
bus supported.

DC-DCpowerconverters

Various isolated bi-directional DC-DC power converters have been proposed, such as resonant
converters, dual fly back, dual-Cuk, dual push-pull, and DAB [72]. Among them, theDAB converter is the most
usable one in the DC-DC power stage of DC SST-based ultra-fastcharging stations. The advantages of the DAB
converter can be listed as bidirectional power flow capability and fast power flow mode changing, wide voltage
conversion range to interface different voltage levels, and ZVS capability to increase the efficiency.

EXISTINGSYSTEMS
Traditionally, the renewable energy source is connected to the load through a traditional DC-DC
converter and then the energy storage system is connected to either the input port or the outputport of the
traditional DC-DC converter through a bidirectional DC-DC converter for charging and discharging as shown
in Fig. 1 (a) and Fig. 1 (b) . The main disadvantage of these traditional solutions is the low efficiency due to the
utilization of the additional converter for the energy storage system. Also, the multi-stage architecture may
result in increased size, low power density, and relatively high cost.

A multi-input converter is a solution to satisfy there requirements of some applications that require the
integration of several different types of input energy sources such as fuel cells, wind turbines,and solar PV. This
type of converter can be used to provide the demanded power of the load witha single stage technique;
however, no energy storage system is included in these multi-inputconverters, and hence the system may not be
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able to meet the required load demand when theoutput power is greater than the input power. For fuel cell
operation, this may happen when thereis a sudden increase in load and the chemical reaction of the fuel cell is
not fast enough to followthe increase in load. Similarly for solar PV application, there may be fast PV output
fluctuation during passing cloud causing the PV output to be less than the load demand or when there is no sun
irradiation at night. Wind power output also. Since all of the three ports a reconnected directly, this type of
converter can only be used in those applications where the galvanic insulationis not required. Another
disadvantage of the non-isolated three-port converters is that most of these converters have a limited voltage
gain since the freedom of modulation of the voltage conversion ratio is only the duty cycle. Some reported
papers use coupled-inductor to extend the voltage conversion ratio to overcome this issue.
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ProposedSystem

The proposed converter is illustrated in It has a symmetric structure: the primary side circuit resembles
the secondary side circuit connected by a symmetric high-frequency transformer. The switches Qil ... Qi4 in the
primary inverting stage convert power from dc to ac to transfer it through the high frequency transformer.
Using this transformer, the converter achieves galvanic isolation between the primary side and the secondary
side. The leakage inductance of the transformer’s primary and secondary windings is incorporate into the
resonant inductors Lrl and Lr2, respectively. In addition, Fig.4.1 shows power flow directions in the converter,
which are defined as follows:

Power being transferred to the load from source(forward power flow direction) and power being
transferred from source to load(backward power flow direction).

Operation

The different operational intervals of the proposed bi directional CLL-LC resonant converter. This
converter’s operation has been divided into eight operational intervals during a single switching cycle. Intervals
1, 2, 3 and 4 repeat to intervals 4, 5, 6 and 7 with different inverting and rectifying switch pairs. Intervals 2,3 and
4 are dead-time durations, intervals 1 and 5 are power transfermodes. The primary switches work in the
inverting mode when power is transferred from the primary to the secondary side; however, the secondary
switches remain OFF and the anti-paralleldiodes operate as rectifiers on the secondary side.Error! Reference
source not found. Gives the or ethical waveforms showing the behavior of the converter for all intervals during
a singles witching cycle. In Error! Reference source not found, there are only the waveforms of thecharging
mode. However, in the discharging mode, the waveforms are precisely the same as the waveforms of the
charging mode, because the primary inverting’ side and the secondary rectifying beside are symmetric. Detailed
explanation and description of the operational intervals are givenbelow: Interval 1 [t0 ,t1]: At the instant t0, the
switches Qil and Qi2 are conducting and power istransferred from the primary stage to the secondary stage.

Resonance takes place between theseries elements Crl, Lrl, Lr2 and Cr2, and the resonant current iL.rl
rises in a sine-wave curve.The current in magnetizing inductor iLm also increases but resonates considerably

4 | Special Issue of ICEAIST-24



International Conference on Exploring Al, IOT, Science & Technology (ICEAIST)-2024

slower thanilrl. Thus Lm does not take part in the resonance phenomenon in this interval. On the
secondaryside, the rectified currents iQré and iQr7, which are carried by the anti-parallel diodes of Qr6
andQr7are proportional to the difference between the terms iLrland iLm. Interval 2 [t1 ,t2]: Afterattaining its
peak value, iLrl begins to decline and at the instant t1 becomes equal to the slowly rising magnetic current iLm.

The rectifier current on the secondary side decreases to zero, and the anti-parallel diodes of Qr6&Qr7
turn off under ZCS. The voltage on the resonant capacitor Cr2 also resonates to its peak with the absolute value
of VCr2. It will remain unchanged unless it excites again in the next resonance. The free resonance between Cr1,
Lrl, and Lm on the primary side is availed by the disconnection of Cr2 and Lr2.Interval 3 [t2 ,t3]:At time t2, Qil
and Qi2 turn off. iLr1 begins to charge the parasitic capacitance of Qil and Qi2 ,and discharge that of Qi3 and
Qi4 simultaneously. Since the value of the parasitic capacitance is small compared with that of the resonant
capacitor Crl, this time period is rather short with respect to the total switching period.Thus, the corresponding
voltages on the afore mentioned capacitance rise/decrease rapidly. This stage ends up with vdQil,2 reaching
the input voltage and vdQi3,4 decreasing to zero. At the end of this stage, the voltage applied on the resonant
tank has changed polarity from positive U in to negative.

Interval 4[t3 ,t4]:When Qi3 and Qi4are completely discharged, the resonant current iLrl immediately
starts flowing through the anti-parallel body diodes of Qi3 and Qi4, andis fed backto the input source. When the
voltage of the magnetic inductor Lm resonates to reach the voltageof V2 -VCr2, the rectifier switches Qr5 and
Qr8 conduct, and the resonant capacitor Cr2 and Lr2participate the resonance with the primary side again. At
time t4 , Qi3 and Qi4 turn on under ZVS conditions, the first-half switching period ends, and the converter
enters the next (the second) half.Interval 5 to 8: In the next half cycle, the operation of the converter is the same
as in the first half cycle ,except that the other pair of switches in both the inverting and rectifying stages are
operating in the second half.

MATLAB Simulation&Results

MATLAB is the high-level language and interactive environment used by millions of engineers and
scientists worldwide. It lets you visualize ideas disciplines including signals and image processing,
communications, control systems, and computational finance. In SIMULINK, it is very straight forward to
represent and then simulate a mathematical model representing a physical system. Models are represented
graphically in SIMULINK as block diagrams. A wide array of blocks are available to the user in provided
libraries for representing various phenomena and models in a range of formats. One of the primary advantages
of employing SIMULINK (andsimulation in general)for the analysis of dynamic system sis that It allows us to
quickly analyses the response of complicated systems that may be prohibitively difficult to analyze analytically.
SIMULINK is able to numerically approximate the solutions to mathematical models that we areunable to, or
don't wish to, solve "by hand." In general, the mathematical equations representing a given system serve as the
basis for a SIMULINK model can be derived from physical laws.

IntroductiontoSimulink

SIMULINK is a software add-on to mat lab which is a mathematical tool developed by The Math works,
(http:/ /www.mathworks.com) a company based in Natick. MATLAB is powered by extensive numerical
analysis capability. Simulink is a tool used to visually program a dynamic system (those governed by
Differential equations) and look at results. Any logic circuit, or control system for a dynamic system can be built
by using standard building blocks available in SIMULINK Libraries. Various toolboxes for different techniques,
such as Fuzzy Logic Neural Networks, DSP, Statistics etc. are available with SIMULINK which enhance the
processing powerof the tool. The main advantage is the availability of templates building blocks, which avoid
the necessity of typing code for small mathematical processes.
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RESULTSANDDISCUSSION
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I have developed a mathematical model of PV module (200W) in discrete form. According to mathematical
equations, a feedback is required thus, i have connected a unit delay block as feedback loop for voltage across
terminals of current source. For an individual PV module it is working fine as desired and getting correct output
waveform for current, voltage, power and 1VV/PV characteristic also. Then i connected an individual PV module
with Boost converter and constant duty cycle is given for a selected set of parameters, then also the system is
working properly. After that | connected PV module and Boost converter with MPPT (based on P&O method),
any how the waveform of voltage, current and power is attending desired value after some delay and got I1V-PV
characteristic. But the problem arises when i am connecting 8 PVmodules to form a 4x4 PV array (3.2KW),
with Boost converter and MPPT controller (based on P&O method).In this case for the selected set of
parameters ,the voltage wave form is not responding and current waveform drops instantly to ZERO after 0.005
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sec. Also, the duty cycle is settled down at fixed lower value. | tried for different set of values for associated
parameters but result remains same, wave form is not responding after0.005sec.

OutputandStorageofBatteryCharging

OutputandStorageofBatteryCharging

Small power battery chargers for devices such as mobile phones, tablets and power tools are ubiquitous.
All of these devices are examples of AC/DC converters.Sample 1 is a battery charger for an 18 V power tool
battery whilst Sample 2 is a charger for a mobile phone. Both current wave forms, but especially that for Sample
2, have high distortion out to high order harmonics. A battery charger consists of a rectifier circuit, power
circuit, ripple monitoring, control circuit,regulator circuit, and fault detection circuit. This charger can also be
used as a DC source for a control and protection circuit of a substation during normal operation, or to charge
the battery in floating mode. When there is a problem in the AC system, then the battery supplies the DC loads
in a substation. There are two types of charging modes: the first is the fast charging for new or unused batteries,
and the second is the floating charge to charge the batteries in service and supply a load to compensate for the
small charge lost by the battery in service.

WindGridGeneratingPower
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CONCLUSION

Regardless of the direction of power flow, the CLL-LC bidirectional DC-DC converter described in this
work enables soft switching as zero voltage switching for the inverting stage and zero current switching for the
rectifier switches. It also has a symmetric resonant tank. BecauseMOSFETs are the primary switches, the
converter has lower switching losses and is completely number -less, resulting in smaller, lighter, and more
compact design. The suggested converter's operating principles and simulations have been examined analyzed,
and illustrated. The simulated converter has been demonstrated to display ZCS for the rectifying stage and ZVS
for the invertingstage. The theoretical study and the converter's qualities are validated by the simulation results.
In light of this, the converter presents itself as an alternate option hat is especially well-suited for on-board
battery charging and discharging applications in electrical vehicles because to its broad input range, increased
efficiency, and high power density.
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